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ABSTRACT

THE CONTROLLED-SURVEY PROCEDURE: A SUGGESTED METHOD

FOR OBTAINING REPRESENTATIVE AGRONOMIC-ECONOMIC DATA

Experiments conducted in Michigan.between 1954 and 1961 produced data

characterized by high levels of unexplained variance and by a general lack

of representativeness. This indicated a need for a new approach. It was

believed that the controlled-survey experiments conducted in 1961 and 1962

would produce data that were both more representative of a broad universe

of farms and which contained low levels of unexplained variance.

The purpose of this study was to appraise the controlled-survey procedure

of locating acre size plots within randomly chosen farm fields which met

certain specified soil and management conditions. Another purpose was to

determine economically optimum applications of nitrogen and phosphate for

wheat.

Within the controlled-survey experiments, subplots were harvested from

within the acre size plots to study which size plot produced the best data.

A check.plot was located on each of the farm fields in the controlled-

survey. This was done so that between-farm differences could be taken into

account.

A survey was conducted in 1961 and 1962 to obtain wheat yield and

fertilizer use information about randomly selected farm fields that met the

same general requirements as the fields used in the controlled-survey. The

survey data were used as a measure of representativeness for the controlled-

survey data.

A “typical" experiment, with the same treatments as the controlled-

survey but using 1/100 acre plots, was conducted in 1962. This experiment

'was located within one famm field. The results of this experiment*were
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compared with those from both the survey and controlled-survey. The

benefits of conducting an experiment using small plots all located within

a single field were compared with the benefits of locating large acre size

plots on randomly chosen fields.

Data from the 1961 and 1962 controlled-survey experiments were

analyzed to obtain economically optimal amounts of N and P to apply. The

survey data were also used to obtain information about the most economical

amounts of N and P for farmers to use. The 1962 "typical" experiment pro-

vided no information concerning the economics of fertilizer use for farmers.

The costs and benefits of conducting the controlled-survey were esti-

mated. Costs and benefits were also estimated for experiments located

within a single field. The costs and benefits of varying the size of plot

with the number of replications held constant were estimated. The costs

and benefits of substituting large plots for replications were compared.

In general, this cost and benefit analysis indicated that the larger

plots, while costing more, produced data with the most benefits. For the

plot size and number of replication comparisons, the benefits increased

up to a certain plot size as larger plots were substituted for replications,

and the costs decreased as larger plots were substituted for replications.

The study provided some basis for researcher judgments about the best

size of plot to include in an experiment. Further, some advantages of

joint research and extension efforts appear to be associated controlled-

survey experiments using large plots located on randomly chosen farm fields.
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CHAPTER I

INTRODUCTION

A considerable national cooperative agronomic-economic research

effort has been directed toward obtaining better information about the

nature of crop yield response to various levels and combinations of

fertilizer nutrients.1 The Tennessee Valley Authority, prompted by activ-

ities of the NCFRC (North Central Fertilizer Research Committee), cooperated

with various universities, notably the State University of Iowa and Michigan

State University, to encourage this cooperative agronomic-economic research.

Most of the agronomic-economic studies initiated in the past ten years

have stated the following as their primary objectives: (1) the determina-

tion of optimal combinations of fertilizer nutrients for varying price

levels and (2) the determination of the substitutability of one nutrient

for another in the production of a particular crap. Considerable evidence

has been collected which demonstrates that optimal levels of nutrients do

vary as prices of factors and product vary, which in turn hmplies that a

type of substitution does take place among nutrients in the production of

a crop. While the above objectives were and are important and should be

considered, related, relevant problems have, in the main, been ignored

or assumed nonexistent.

This thesis concentrates on two of these related problems. One of

these is that of obtaining data which are representative of an important

universe to which extension.workers and others with practical interests

 

'1Ear1 O. Heady and John L. Dillon, Agricultural Production Functions

(Ames: Iowa State University Press, 1961), pp. 475-553.

1



wish to make inferences. Thus, this thesis will concentrate on the effect-

iveness of various experimental procedures in obtaining more representative

data than have been obtained in the past. The second related sub-problem to

be investigated in this thesis will be that of reducing within-treatment

variance and/or standard errors of estimates for functions designed to pre-

dict yields. These two sub-problems of the general problem of estimating

response to fertilizer nutrients are also related to the broader question of

whether agronomic-economic research is a worthwhile enterprise. Consider-

able funds have been expended in the area of agronomic-economic research,

with information forthcoming which has had value in demonstrating the law

of diminishing returns1 and has been of some practical value to extension

workers and farmers. Whether this research pays its way is not clear.

With respect to the problems of representativeness and uncontrolled

variance, it should be noted that agronomic-economic researchers in.Michigan

and elsewhere, in general, accepted experimental procedures developed

earlier by agronomists. The lack of representative data and large unex-

plained variances which characterized data produced by such procedures

may result from.an over concern with disciplinary problems with too little

attention to the practical problems of large, important groups of farmers

and others; as a result, questions exist about the appropriateness of

experimental procedures that minimize within-treatment variance by confin-

ing experimental work to unique situations not representative of practical

farm situations. Some agronomists have also been concerned with this problem.

For instance, in 1933 The Journal of the American Society ofggggggggy reported

 

1The Tennessee Valley Authority has been the leader in sponsoring

research in this area.



the work of a group of agronomists concerned with standards for conducting

field experiments. This report states, “Field experiments should be so

located with respect to soil and climate that the results may be applicable

where recommendations are to be made."1

Fisher and Love have both pointed out the necessity of obtaining data

which were representative of a broad population as well as relatively free

of unexplained variance. Fisher stated, "I have assumed, as the experimenter

always does assume, that it is possible to draw valid inferences from the

results of experimentation; that it is possible to argue from consequences

to causes, from observations to hypotheses; as a statistician would say,

from a sample to the population from which the sample was drawn..."2 The

above statement implies that it would be important to obtain a representa-

tive sample (experimental site) from*which to obtain a randomly distributed

sub-sample (experimental plot) so that valid inferences could be drawn about

the broader population of which the site is a sample. Love indicated that,

"In choosing a [experimental] field, one should not be guided entirely by

uniformity, since, while a fairly unifonm field may be available, it may not

be representative of the general type of soil on which agriculture is

practiced in the region where the experiment is to be conducted."3

Considerable importance must be attached to the ability of a researcher

to choose a site that is indeed "representative of the general type of soil

 

II. A. Kiesselbach, et. a1., "Standards for the Conduct of Field Experi-

'ments," The Journal of the American Society of Agrogggz, 25, 1933, pp. 803-

804.

2Ronald A. Fisher, The Design of Experiments (13th ed.; London: Oliver

and Boyd, 1958), p. 3.

3Harry H. Love, Egperimental Methods in.Agricu1tural Research (Rio

Piedras: The Agricultural Experiment Station, The University of Puerto

Rico, 1943), p. 159.



on which agriculture is practiced in the region where the experiment is to

be conducted." A criterion is needed which would allow the representative-

ness of data to be tested. This is true for both basic and practical

research.1

If the problem that is being researched is one of determining whether

or not a relationship exists between certain variables under highly control-

led but not practical conditions, the experimenter probably will use the

level of within-treatment variance as the main criterion in evaluating experi-

mental techniques. He will do this, confident that the "highly controlled

conditions" will prevent changes from occurring in the population.which he

intends tosample.

The situation is basically similar if the problem is to estimate

relationships in a more practical universe. However, many practical situa-

tions involve substantial variations which are "averaged out" in commercial

operations. Attempts to control sources of variation in these instances may

narrow the universe of investigation to a unique situation not at all

representative of the practical universe of interest. The problem in these

instances is one of simultaneously reducing variance and of maintaining

representativeness. When it is desired to sample a universe involving a

given agronomic situation encountered by a large group of farmers, represent-

ativeness of an experiment can be checked by a random survey of the same

situation for the group of farmers in the defined population.

 

1If analysis of variance techniques are used, more emphasis is placed

on replication than on dispersing treatments within a given range of

observation. If regression analysis is used, the opposite is true. The

analysis of variance and regression techniques incorporate no assumption

about plot size and/or about the usefulness of data. Both techniques merely

provide information about the experiment as it was set up and conducted.



Glenn L. Johnson was the first of the agronomic-economic researchers

to point out the possibilities of designing experiments to provide more

representative data as well as less heterogeneous data.

Some researchers may point out that consolidating nine adjacent

plots into one plot loses the advantages secured from scattering

these nine plots randomly over the entire experimental area. This

is a valid point if the causes of variance are not unifonmly

distributed over the field. If this situation exists, as it

probably does, it suggests that both between-plot variance and

the general representativeness of the experiment might be

increased when increasing plot size if field size is also

increased, i.e., if larger plots are sampled over a wider geo-

graphic area. Further reflection indicates that it might even

be desirable to sample not a field but the entire geographic

area to which the experimental results are going to be applied.

General Plan of,the Thesis

Chapter II will deal with the history of agronomic-economic research

in Michigan and that conducted and/or analyzed by personnel associated

with Michigan State University. It will describe the general nature of

the experiments, what was learned, the modifications made, the new pro-

cedures incorporated to overcome some of the problems previously encount-

ered, and the remaining difficulties which prompted the work presented in

this thesis.

Chapter III will be concerned with the conceptual problems of lower-

ing unexplained variance and defining the population the data represent.

The criterion that has typically been used to evaluate experimental

techniques will be discussed. An alternative criterion is suggested.

This chapter also describes the field work, experimental procedures, and

related surveys which produced the data analyzed in Chapters IV and V.

 

1Glenn L. Johnson, "Planning Agronomic-Economic Research in View of

Results to Date," Fertilizer Innovations and Resource Use (ed.), E. L.

Baum, et. a1. (Ames: Iowa State University Press, 1957), pp. 223-224.



Chapter IV will deal with statistical analysis of the data obtained

from the experiments and surveys. Economic analysis of the various data

is conducted as.is an analysis of the experiments to determine their ability

to produce representative data. Some practical conclusions are contained

in this chapter.

Chapter V presents an estimate of costs and benefits associated with

variations in plot size, shape, replication and location. These costs are

related to reductions in variances and increases in representativeness.

Conclusions will be reached about "economical designs of experiments" as

a result of comparing costs and benefits.

Finally, Chapter VI contains the summary and conclusions (1) with

respect to the criterion of representativeness of data for the various

experimental methodologies and techniques included in the two year experi-

ment and (2) with respect to practical problems farmers face when deciding

to fertilize their wheat crop. The implications of the above summary and

conclusions for future research in this general area are presented.



CHAPTER II

A BRIEF SUMMARY 0F.AGRONOMIC-ECONOMIC RESEARCH

CONDUCTED BY MSU PERSONNEL FOR 1954-61

Agronomic-economic experimentation.was initiated in.Michigan in 1954.

The program at Michigan State University has been a broad one. Specialty

crops as well as general rotations have been included in the fertility

experiments. Intensive row crop rotations were also included so that fer-

tility requirements could be specified. Furthermore, research has been

conducted in Canada and Colombia, S.A., under the auspices of personnel

either currently or at one time associated with Michigan State University.

Since 1954, a number of objectives have been explored; some were attained,

while others were not. The objectives of the first six years of experiment-

ation were as follows:1

1. To determine the changes in crop yields that result from changes

in the amounts and combinations of the three major fertilizer

elements.

2. To determine basic interrelationships existing between applica-

tions of the different fertilizer elements and crOp yields.

3. To determine, at various price levels, the optimum combination

of fertilizer nutrients for crops grown in several sequences.

4. To investigate the fertility and management implications of

selected intensive row crop rotations.

 

1Quoted from.the initial TVA-MSU project, Cooperative Agreement No.

MICK. .863 s 2.



5. To test the effectiveness of the experimental designs in producing

data from which economic fertilization recommendations can be based.

6. To determine the reliability of soil tests and how they can best

be incorporated into recommendations for fertilizer use.

7. To study regional effects of various fertilizer treatments.

8. To investigate the reliability of fertilizer response experiments

carried out under greenhouse conditions.

Experiments designed to explore the aforementioned objectives were

conducted. A general farming rotation that included oats, wheat, alfalfa

and corn was initiated so that the effects of various combinations and

levels of the major soil nutrients on yields could be specified for such a

rotation grown on a droughty, sandy soil. A cash crop rotation of navy

beans, wheat and corn was conducted, using various combinations and levels

of N, P and K on a heavy clay-loam soil. .This rotation.was designed to

determine the economics of various high fertilizer levels and combinations

for the cash crop rotation on this productive clay-loam.soil. In addition,

a greenhouse experiment that incorporated the same treatment levels and

combinations as those in the cash crop rotation was conducted concurrently

with that experiment. An experiment on muck was initiated with the

objectives (1) to determine its potato production capabilities, (2) to

evaluate various alternative experimental designs, and (3) to determine

economical rates at which potatoes should be fertilized. A continuous corn

experiment*was initiated on a c1ay-loam.soil (l) to determine the feas-

ibility of such a rotation and (2) to determine the optimal fertilizer

rates and combinations for the continuous corn rotation. Another fertility

experiment with corn as the crop was commenced on a clay-loam soil to



investigate the relationship between residual and applied fertilizer on

corn over a three year period. Other experiments were designed to obtain

similar information using alfalfa as the crop. The experiments mentioned

above were conducted in Michigan through the joint efforts of the Soil

Science and Agricultural Economics Departments.

Furthermore, researchers from MSU were associated with experiments in

Ontario, Canada, and Colombia, S.A. A major objective of the research in

Ontario was to encourage interdisciplinary research. Another objective was

to obtain information about the relationship of fertilizer nutrients and

potato yields.1 Trent,2 Bertolotto,3 and Delgadoa analyzed results produced

by Trent, Kyle and Lawton in the Colombia, S.A., project. The purposes of

the experimentation in Colombia were (1) to quantify the relationship

between yield and plant nutrients and (2) to consider irrigation and seeding

rate along with plant nutrients as independent variables in the equations

used to predict yield. 4

The experiments'conducted.in;Michigan and‘elsewbere were initiated'

to obtain practical information which would be useful to a large group of

 

1Philip A Wright, "An Economic Analysis of Potato Yields on Certain

Ontario Mineral Soils in Controlled Fertilizer Experiments, 1954-1956"

(Unpublished Ph.D. dissertation, Dept. of Agricultural Economics, Michigan

State University, 1962), p. 51.

2G. I. Trant, "Implications of Calculated Economic Optima in the Cauca

Valley, Colombia, South America," gournal of Farm Economics, XL (February,

1958), pp. 123-133.

3Hernan Bertolotto, "Economic Analysis of Fertilizer Input-Output Data

from the Cauca Valley, Colombia" (Unpublished M.S. thesis, Dept. of.Agri-

cultural Economics, Michigan State University, 1959).

4Enrique Delgado 0., "Economic Optima from an Experimental Corn-

Fertilizer Production Function, Cauca Valley, Colombia, S.A., 1958"

(Unpublished M.S. thesis, Dept. of Agricultural Economics, Michigan State

University, 1962).
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farmers.1’2 It was assumed throughout that a single field could produce

data that would represent large, practical universes. The following is a

brief summary of the experimentation in Michigan.

The research conducted in.Michigan was characterized mainly by R2

values less than .50. Only eight out of 31 functions fitted explained as

much as 50 percent of the variation in the dependent variable, and one of

these used greenhouse data. An hypothesis was put forth that high fer-

tility 1evels,due either to soil fertility build-up or to high current

treatments,caused a scattering effect on yields leading, therefore,to low

R2 values. Experiments were modified to alleviate this problem, but R2

values of less than .50 continued to be common. N was the only variable

whose coefficient consistently differed significantly from zero. Similar

experiences were encountered when plot size and number of treatment levels

were reduced. Even though experimental sites were reduced to about one-

half acre in the search for a homogeneous experimental site, the R2 values

remained, in most instances, below .50. Incorporating soil test results

as independent variables did not increase the amount of variance explained.

The problem.of producing data that were representative of some practical

universe of farms was recognized as experiments were conducted over time.

Considerable unexplained variance existed within each set of Michigan

experimental data. None of the experiments produced data applicable to a

 

1W. B. Sundquist and L. S. Robertson, Jr., An Economic.Analysis of

Some Controlled Fertilizer Input-Outputfigxperiments in.Michigan, Technical

Bulletin 269, East Lansing: Michigan State University, Agricultural

Experiment Station, 1959.

2Bernard Hoffnar and Glenn L. Johnson, "Agronomic-Economic Experimenta-

tion at Michigan State University--A Summary Emphasizing the Cooperative

Research With TVA," Dept. of Agricultural Economics mimeographed Report 888,

Michigan State University, 1962.
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broad, specified universe. In general, the data obtained were characterized

by relatively high levels of unexplained variance and by lack of representa-

tiveness for practical, defined universes of farms.

The survey conducted in Gratiot County brought some interesting poss-

ibilities into focus. Here was a set of rather crude data from fields

approximately 15 acres in size. High intercorrelations existed among N,

P and I because the farmers used premixed commercial fertilizer in.which

the nutrients were fixed in some specific ratio; hence, no coefficient of

an independent variable differed significantly from zero at the five percent

level. However, 44 percent of the variation in the yield data was explained

when a square root polynomial was fitted to the data. The standard error

of estimate equaled 7.27 bushels compared to 5.41 bushels computed from the

1957 wheat crop grown in the cash crop rotation experiment. The reasons

that the equation explained this amount of yield variance may be speculated

upon. It‘may have been a happen-stance.1 It is also true that the relatively

large fields (15 acres) could have averaged out a considerable amount of the

error. If the fields were considered as fifteen hundred 1/100 acre plots

lying side by side, the mean of the 1,500 replications would, in all prob-

ability, have a lower standard error than would that of six 1/100 acre

replications randomly located on a similar site. The second of the two

speculations appears to be the more reasonable, given the existing level

of knowledge relevant to such a problem.

There is little question that the survey results would be applicable,

at least to farms similar to those included in the survey, there being

quite a number of these. The strongest statement that can be made for the

 

1The R value differed significantly from zero at the one percent

level.
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controlled experimental results was that they were applicable to the experi-

mental site. The level of unexplained variance was maintained at levels

comparable to those in controlled experimental data; further, the data

obtained from the survey were certainly applicable to a broader universe

than the data from.the experiments.

The totality of these experiences indicates the need

(1) to reduce the level of unexplained variance or

(2) to decrease the standard error of the coefficients and

(3) to obtain data that are representative of broad, practical,

meaningful and definable universes.

The above needs may be attained by

(l) instituting tighter experimental controls

(2) utilizing better experimental designs or

(3) sampling at random a defined, meaningful universe.

The following chapter will deal with an experimental procedure which

attempts to satisfy the above stated needs. Some attention will be given

to the various criteria that can be used to evaluate experimental procedure.

The following notation will be used in Chapter IV. For the mathe-

matical model

2
N1+ 32N1+ B

2
' IY1 Boa-81 3P1+ $413+ BSN1P1+ 86x14» e:i

where Y ' represents the ith yield, thefa's represent the universe
1

parameters, the 61's are independent and are normally distributed with

mean 0 and variance, 02. The equation Y - a'+ blN + szz + b3P + baP2 +

bSNP + b6K was estimated where Y is the predicted Y' and the "a" and

bi's are the estimated 31's.



CHAPTER III

THE CONTROLLED-SURVEYS, THE SURVEYS, AND.A "TYPICAL" EXPERIMENT

Empirical evidence in the previous chapter indicated that past experi-

ments in Michigan have produced data generally characterized by high levels'

of unexplained variance which were applicable to very limited universes.

These results indicated a need to

(1) reduce the level of unexplained variance

(2) increase the significance of b values and

(3) increase the applicability of data to broad, more practically

meaningful universes capable of easy description.

A group of agronomists and agricultural economists1 met in 1960 to

discuss the results of the past experiments in.Michigan and to indicate

the direction future research should take. Consideration was given to

the results of the survey conducted in Gratiot County2 which indicated

that a practical population could be specified by including all farmers

growing wheat on fields (1) on which beans had been grown the previous

year, with corn grown the year before beans; (2) which had sufficient

uniform tile drainage; (3) which had primarily c1ay-loam.soils that could

satisfy soil management group 2c specifications; (4) which had had no

barnyard manure applied in the past three years; (5) which had a medium

to low Bray P1 soil test; and (6) which were located in a specified

geographic region.

 

1The TVA and Michigan State University agronomists and agricultural

economists who met included Wesley Smith, Orvis Engelstad, Clifford

Hildreth, Lynn Robertson, Fred Davis, Glenn Johnson and Bernard Hoffnar.

28cc Chapter II, p. 11.
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It was known that a number of farmers in the Thumb area of Michigan

had fields which would meet these specifications and could thus be part of

a broad, practical population of farms. A decision was made to sample

this universe of fanms randomly to obtain data that would be applicable

to it.

How the plot work should be handled for a particular farm was not

apparent at first. A number of possible approaches were considered. The

first alternative consisted of having each farmer selected plant his own

wheat with his own drill but apply previously specified amounts and combina-

tions of fertilizer. Someone from the research staff would have had to have

been on hand to help with the setting of the drill. This alternative was

rejected because considerable differences in the depth of planting and in

the placement of fertilizer would have occurred, and these differences, in

time, would have produced heterogeneous data. Another alternative considered

consisted of having two plots with different fertility treatments located on

each selected farm but planted by researchers. This procedure was rejected

because if large between farm differences did occur, the data obtained

would be meaningless. In an attempt to handle this problem, it was sug-

gested that one of the two plots located on each farm be a check plot so

that if between farm differences did occur, it could be taken into account.

This was rejected because the design would be inefficient since half of

the plots would be check plots. After further discussion, a compromise

alternative was accepted.“ Each farm in the controlled-survey experiment

would contain three treatment plots and one check plot.1

 

1The check plots received zero levels of the nutrients that were

under study.
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The question of plot size stimulated considerable comment. One sug-

gestion was that whole wheat fields be used as the experimental plots.

This was rejected as being too costly, if University personnel were to

plant the wheat. An acre size plot was finally decided upon as being large

enough to average out effects on yields that would occur due to soil hetero-

geneity and other factors1 but small enough to keep costs within reason.

A survey initiated concurrently with the controlled-survey experiment

attempted to sample the same population of farms as the controlled-survey,

in order to obtain data that could be used as a measure of the representa-

tiveness of controlled-survey data.

A Description of the Experiments and the Surveys

Conducted in the 1960-61 Crop Year

The controlled-survey experiment and a survey were conducted in the

1960-61 wheat crop year (hereafter referred to as the 1961 crap year). The

controlled-survey was modified and continued the next crop year, 1962. The

survey was also continued. An experiment conducted in a manner comparable

to those referred to in Chapter II was added in 1962. This section will

present a detailed description of these experiments and surveys.

The Controlled-Survey, 1961

A general soil map of Michigan was used to select three areas, each

approximately 20 x 20 miles wide and containing the c1ay-loam.soil grouped

in soil management group 2c. This particular area size was chosen to allow

machinery for planting and harvesting to be readily accessible to the farm

 

1These factors include (1) plot damage due to weather, pheasants,

sparrows, etc., and (2) yield differences that occur due to not employing

careful experimental techniques.
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plots within each area. Six sections from within each of the three areas

were randomly chosen. The farmer nearest the northwest corner of each

section'was contacted to determine whether or not his farmuwould be included

in the population specifications. If this farmer had land that could meet

the requirements, he was in the sample; if not, the next farmer, moving in

a clockwise direction around the section, was interviewed. If a section did

not contain anyone meeting the specifications, another section was randomly

chosen to replace it. Each selected field was checked by a soils specialist

to insure that the specified soil group predominated. Soil samples were

taken from each field and analyzed. Residual phosphate, as measured by the

Bray P1 method, was held at medium to low levels.

A four acre area was selected from each of the 18 randomly chosen

fields, and four 1 acre plots were located within the area. Each field

contained one plot that received zero levels of nitrogen and phosphate; the

other three plots received treatments chosen from the composite design in

Table 1. This design was chosen because it contained but nine treatments

and was deemed optimal for a second degree polynomial equation fitted by

the method of least squares to most closely represent the true function.1

Each plot, including the check plot, received 40 pounds of K per acre.

The treatments for a particular field were chosen in such a manner as to

maximize the differences among the three. ' .

Each of the three areas chosen included six farms and each farm had

three treatment plots; there were thus 18 treatment plots within each area.

This allowed the design to be replicated twice within each of the three

areas. The total experiment was thus replicated six times.

 

1G. E. P. Box and Norman R. Draper, "A Basis for the Selection of a

Response Surface Design," Journal of the American Statistical Association,

Vol..54, No. 287 (September, 1959), pp. 622-654.
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Table l. The treatment levels and combinations used in the controlled-

survey experiment..u

 

 

 

 

Pounds of : Pounds of nger acre

nger acre : 0 : 20 : 40 : 60 : 8O

0 x

15 x x

30 x x x

45 x x

60 x

 

1Bach x represents a level and combination of N and P.

The fertilizer applied to each plot was mixed in the field. The

drill was calibrated, the fertilizer weighed prior to sowing, and the

plots seeded with the fertilizer planted in contact with the seed. The

fertilizer that remained in the drill after seeding was weighed; thus,

the amount of fertilizer that was applied to each plot was measured and

not estimated. Since the size of the plot was known, an accurate estimate

of the amount of fertilizer applied per acre was obtained. The above pro-

cedure was repeated for every plot planted.

The plots were observed and notes made at various times during the

fall and spring. Some trouble was encountered when one of the drills

used in an area continually plugged up. This was overcome by measuring

the skips in the spring and making appropriate adjustments in the data.

At first, the harvesting procedure consisted of locating a farmer

'within each area who owned a self-propelled combine and who had few

harvest obligations, but the weather at the time of harvest was very wet,

delaying the harvest as mmch as three weeks. The farmers who were sup-

posed to combine the plots in two of the three areas could do little of
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this combining. In one area, each farmer participating in the controlled-

survey project out the plots on his farm. In another area, one of the

farmers who had plots on his farm was able to combine three plot areas,

including his own, while the other three plot areas were combined by the

farmers on whose farms the plots were located. In the last area, the

‘weather was such that the custom operator was able to combine all six plot

areas.

In an attempt to obtain information about the variability of yields

from various sized plots receiving the same treatment, each acre plot was

sub-sampled by harvesting three different sized plots in addition to harvest-

ing the remainder of the whole plot. Two adjacent 1/100 acre plots were

harvested from the end of each plot. A 1/5 acre area was also harvested

from.the end of each whole plot. The two 1/100 acre and the 1/5 acre plots

"wer ‘weighed in the field. The whole plot was augered from the combine into

a truck or wagon which had been weighed empty. The truck or wagon was

'weighed at the nearest scale. Many thmes the next whole plot yield was

augered into the same truck, which was weighed again. Smaller plots were

harvested from each whole plot, two 1/100 acre areas, and a 1/5 acre area.

The harvesting procedure followed2 required the measuring of two areas, each

43.5 feet long, from one end of the field and another area measuring 871.2

feet long.3

One plot on one farm was harvested in l/lOO acre areas. A combine

that had an eight foot cutting head was used to harvest this plot; thus,

 

1Even‘with the wet harvesting conditions, no significant differences

were found to exist in moisture found in‘wheat samples taken from the plots

located on different farms.

2Assuming that a combine with a ten foot wide header was used.

3The 871.2 feet included the two areas that were 43 1/2 feet long.
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each l/lOO acre plot was 54.5 feet long. There were six of these l/lOO

acre plots side by side and 13 of them and to end within the whole plot

area 0

The Survey, 1961

This survey was conducted concurrently with the controlled-survey experi-

ment. The inclusion of a farm in the survey depended upon its meeting the

specifications placed on the controlled-survey farms. The farms included

in the survey were randomly selected frommwithin each 20 x 20 mile area

previously specified. Six sections were randomly chosenofrom within each

area. The northwest corner was the starting point, with the first six farms

in an.east, west, north or south direction interviewed. The direction in

which the interviewer proceeded from the section corner was determined in

a random.manner.g While the restrictions which each of these farms had to

meet were similar to those included in the experiment, the restrictions

were not as carefully checked.‘ Although each field was not checked, the

farmer was asked to describe the soil in his field, using terms such as

sandy, loamy, clay or combinations of these terms. If the farmer described

his field as containing predominantly a clay-10mm soil, he was then included

in the sample.1 This field, of course, had to meet the rotational, drainage

and livestock specifications imposed on the controlled-survey farms. No

soils tests were taken from fields owned by farmers included in the survey.1

A total of 116 observations were obtained in 1961.

Data about the rate and combination of fertilizer nutrients applied

at planting time were obtained in the winter of 1960-61. Host of the

 

1See p.43 for possible consequences of failure to maintain uniformity

in these respects.
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farmers top-dressed their wheat while they were seeding it with a legume.

Information about the level and combination of nutrients applied at that

time was obtained.1 Yield estimates were obtained shortly after harvest.

Since most farmers in this area sold their wheat shortly after harvest,

the yield estimates were probably quite accurate, especially if one con-

siders the precise measurements that are made so that wheat acreage does

not exceed that allotted.

The Controlled-Survey, 1962

The controlled-survey experiment was conducted in 1961-62 in the

same basic manner as that conducted the previous year. A few modifications

were necessary to reduce the amount of time needed to complete the project,

since the decision to continue the project was not made until late August.

Fewer farms were included in the project; three of the six farmers who

cooperated in 1961 in each area were selected at random. Each farm had

three additional treatment plots located within its plot area. Each of

the nine farms in the project thus had seven plots, with a total of 63

plots located on all the farms. Planting and harvesting procedures

remained the same except l/lO acre area samples were harvested instead

of l/5 acre areas. This change was made because various researchers

indicated that ten percent of an area was of sufficient size to adequately

estimate the yield from the whole plot.

 

1Farmers whose fields were low in soil nutrients in all probability

applied more fertilizer than those whose fields had high levels of

nutrients in the soil. The yields obtained might have been the same

with considerable differences in the amounts of fertilizer applied to

each field.
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No harvest problems similar to those of the previous year were

encountered. There was, however, considerable winterkill1 of wheat within

the general area of the plots. Some of the plots suffered considerable

damage. If a plot included an area of winterkill that was large enough

for a drill to be used to seed the area to oats, the seeded area was

measured and deleted from the harvestable area of the wheat plot.

Smaller areas of winterkill were not measured but were considered to be

part of the plot area and were thus included as part of the harvestable

area. Weather conditions at harvest time*were ideal. One combine was

used in each area for harvesting. Other procedures were conducted

similarly to those of the previous year.

The Survey, 1962

The 1962 survey was conducted in a manner similar to that of the

previous year except that each farmer was asked to estimate the percent

winterkill that had occurred to his wheat. A group of farmers who

cooperated in the 1961 survey also cooperated in 1962. A number of farmers

'were excluded in 1962 because they planted wheat on fields that did not

meet the rotational, drainage and livestock specifications. A total of

70 observations on wheat fields were obtained.

The "Typical" Experiment, 19622

A small plot experiment (the harvested area equaled l/lOO acre) was

initiated within a field which met specifications identical to those

 

1Smothering of the wheat by sheets of ice.

2This experiment was conducted in a manner similar to that of the

experiments summarized in Chapter II. A portion of one field contain-

ing 1/100 acre plots was utilized.
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imposed on the fields included in the cOntrolled-survey experiment. The

farmnwas not selected at random. The farmer had previously had fertility

research conducted on his farm but not on the field selected for this

experiment. Qualified plot technicians laid out the plot area, seeded

the plots, and applied the fertilizer treatments. The fertilizer was

applied at planting time in contact with the seed, using a Van Brunt drill.

Records were kept so that an estimate could be made of the amount of

fertilizer that was actually applied to the plots. The plot area had a

reduction in yield due to winterkill damage. This damage was uniform over

the plot area; thus, no adjustments were made in any of the individual

plot yields. The design of this experiment was similar to that of the

controlled-survey (see Table 1), except that there were only six replica-

tions of the check plot, whereas there were nine in the 1962 controlled-

survey experiment. The results of this "typical" experiment‘will be

analyzed and compared with the results of the controlled-survey experiment

and the survey. The levels of unexplained variance and representative-

ness of the controlled-survey and "typical" experiments will be compared.

The following chapter presents the analysis of the experiments and

surveys described above. First, each will be analyzed individually; then

a comparative analysis will be made of the experiments and surveys.



CHAPTER IV

THE AGRONOMIC-ECONOMIC ANALYSIS OF THE INPUT-OUTPUT DATA

This chapter will present an examination of the experiments and

surveys conducted in 1961 and 1962. The 1961 controlled-survey experiment1

analysis includes

(1) a production function analysis of actual yields and applied

N and P

(2) a production function analysis of check plot yield differences

and applied N and P A

(3) an analysis comparing actual and theoretical applied amounts

of N, P and K

(4) an analysis of yields~from subplots within the whole plots, and

(5) an economic analysis with some practical conclusions.

The 1961 survey data were analyzed and comparisons made between the survey

and controlled-survey results. The 1962 controlled-survey experiment

analysis includes

(1) a production function analysis of actual yields and applied

N and P

(2) a production function analysis of check plot yield differences

and applied N and P

(3) an analysis of yields from subplots within the whole plots, and

 

1The following chapter will contain the analysis of the one-acre

plot which was harvested in l/lOO acre areas.

23
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(4) an economic analysis with some practical conclusions.

The "typical" experiment, as described on pages 21 and 22, and the survey

were analyzed individually.

An analysis comparing the "typical" experiment, the controlled-survey

experiment, and the survey follows the above, with separate comparisons for

(l) the "typical" experiment and the controlled-survey experiment

(2) the survey and the controlled-survey experiment

(3) the controlled-survey experiment, the "typical" experiment and

the survey.

Finally, a summary is presented that emphasizes the practical results

of the experiences obtained in 1961 and 1962.

ll2§l_§xperiments andg§ggggz

The analysis of the 1961 controlled-survey data will include as

dependent variables yields from the following plot areas: the whole plot,

the 1/5 acre sample, each of the two adjacent 1/100 acre samples, and the

1/50 acre sample made up of the sum of the two l/lOO acre samples. The

data are presented in Appendix I. The 1961 controlled-survey is fully

described on pages 15 to 19. In addition, one whole plot from the control-

led-survey was harvested in 1/100 acre segments; these data will be analyzed

in the following chapter (see Appendix II for these data).

Each farm.in the controlled-survey had one check plot which received

zero amounts of nitrogen and phosphate and 40 pounds of potash. This pro-

cedure was followed so that between-farm differences could be accounted for

by subtracting the check plot yield from that of the other plots on the

farm. This procedure allows a rough estimate of between-farm.differences;.

to be made using the 18 similar check plot observations, one on each farm.1

 

1No relationship was found to exist between the check plot yields and

the varying levels of K applied.
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Potash was included as a variable in the analysis of these data because,

in practice, it was impossible to hold its application completely constant

for each plot. Potash.was included only as a linear temm in the equations,

as the applications of potash were generally within ten pounds of the 40

pound application that was supposed to be applied.

A survey was also conducted in 1961. See pages 19 to 20 for a descrip-

tion of the procedures used to obtain the survey data. The analysis of the

survey data included attempts to estimate the functional relationship

between yields and fertilizer applications. In addition, the survey was

used to examine the representativeness of the controlled-survey data.

The 1961 Controlled-Survey Experiment

The examination of the 1961 controlled-survey experiment will include

an analysis of actual yields, an analysis of check plot yield differences,

a comparative analysis of actual and intended applications of N, P and R,

an analysis of yields from the subplots harvested from the acre plots, and

an economic analysis with some practical conclusions.

Analysis of actual yields.--Examination of all the data without

adjustments for between-farm.differences indicated that considerable

amounts of betweenefarm.variance existed within the data and that this

was fairly independent of plot smmple size. The analysis used yields as

the dependent variable from each of the following:

(1) the whole plot

(2) the 1/5 acre sample

(3) the first l/lOO acre sample

(4) the second l/lOO acre sample, and

(5) the 1/50 acre sample.

The independent variables included N, N2, P, P2, NP and K. Some of the signs
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of the coefficients of these independent variables for each equation were

inconsistent with the law of diminishing returns (see Table 2). The

coefficient of the K variable differed significantly from zero at the five

percent level in each equation. The coefficients of multiple determination

(i2) tended to decrease as the size of the subplot diminished.' The inverse

occurred for the standard errors of estimate (8). Table 2 presents the

estimates on which the above statements are based.

When the 18 check plot observations were excluded, the estimates were

similar to those just discussed. The iz's decreased as sample area

decreased except.for the analysis based on the 1/50 acre data. 8 values

tended to increase as sample area decreased. Only one potash variable

in one equation differed significantly from zero at the five percent level.

Table 3 contains a summary of the estimates based on data, excluding the

check plot observations. 2

Analysis of checkgplotgyield differences.--Inspection of the check

plot data revealed that considerable between-farm.variation existed within

these data. Thus, the check plot yield on each farm was subtracted from

the yields obtained from other plots located on that farm. This procedure

was followed for yields obtained from‘the various sizes of subplots har-

vested as well as for the whole plot. The check plot yields were also

determined for the corresponding subplots.

These yield differences, including the check plot yield differences

equal to zero, were then considered as dependent variables in equations

that included N, N2, P, P2, NP and K as independent variables. The result-

ing coefficients were generally consistent with the law of diminishing

returns. No coefficient for the X variable in any equation differed

significantly from zero at the ten percent level. The N coefficient did,

however, differ significantly from zero at the ten percent level in four
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of the five equations. Table 4 provides a summary of this analysis. It

should be noted that R2 values increased and S values decreased as the

subplots grew larger.

Variances of the marginal physical products (HEP) were calculated

1 and Wright.2 No derivative was foundusing the procedure developed by Doll

to be significantly different from zero at the ten percent level. However,

it is not meaningful to test whether the MPP of a low cost factor producing

a high value crop differs significantly from zero, since the MPP may approach

zero at the high profit point. Hence, another procedure to test the

reliability of the MPP estimates was developed which did not use the null

hypothesis.3 The procedure developed involved placing confidence limits

on the marginal physical product curves and observing the points at which

 

1John P. Doll, Emil H. Jebe, and Robert D. Manson, "Computation of

Variance Estimates for marginal Physical Products and Marginal Rates of

Substitution,"‘gournal of Farm Economics, XLII (August, 1960), pp. 596-

607. .

2Wright, op. cit., pp. 18-20.

3The following procedure was developed by Dr. Robert Gustafson after

a discussion with Dr. Glenn L. Johnson and the author concerning the

relevancy of placing confidence limits on.MPP curves. A procedure by

which the confidence limits may be specified for the high profit level

of nutrients is as follows.

Assume the functional form to be

2 2
(1)Y bo+bX+b +bX2+b4X1 1 2X1 3 + b X X

2 5 1 2

1 + 2b2X1 + bsxz

2

(2) MPPX1(Y) I b

2 2
(c11 + @2le + c x + (£1le + 2c x +(3) Var (MPPX1(Y)) " °u 55 2 15 2

4C’25"1"2)

where the 011 are elements of the inverse of the sums of squares and cross

product matrix, and an is the variance of the disturbance term in the

regression. -

Given X and X2, confidence limits for MPPX1(Y) are b1‘+ 2b X -+ b X
1 2 1 5 2
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the price ratio line crossed the confidence limits.1 This procedure was

used for the MPP of nitrogen derived from equation 1 in Table 4. The

results appear in Diagram 1. Diagram 2 contains the 90 percent confi-

dence limits for the EFF of P derived from equation 1 in Table 4.

 

:t‘t S where t is the suitable value from a table of the t distribution and

(4) s - {Estimated Var (mpxlan

 

 

 

P

Setting the lower confidence limit equal to _E1, we have

P

Y .m-e.‘

(5) t S J C ‘+ 4C X2'+ c X2'+ 4C X - 2C X '+ 40 X X ‘+ ‘
ll 22 1 55 2 12 l 15 2 25 l 2

le

-P-Y- - b1 - 2b2x1 - bsxz " 0

Simplifying:

2 \

(6) let L - a + le + c ([00 + lel + cle

P
where a .3: - b1 - bSX2

PY

b - - 2b2

c I t S

2
C a

0 C11 + Cssxz + 2c15x2

c"1 " 4c12 + 4c22"2

e2 " l“:22

Setting X2 equal to its high profit level, we want to find X1 such that

L - 0.

This will give us the lower confidence limit for the high profit X1, given

that X2 is being used at its (point estimate) high profit level. The nature

of the function L is such that Newton's method of approximation* (combined

perhaps with some graphing) generally seems to work satisfactorily. ‘We have:

*See, e.g., Glenn James and Robert C. James,‘Mathematica1 Dictionary, Van

Nostrand, 1959, p. 266. ‘

1It is imperative that individual observations be used and not means

of replications as the estimated variance ($2) of the prediction equation

would be meaningless. The 82 is an important component in the derivation

of the confidence limits.



T
a
b
l
e

4
.

E
q
u
a
t
i
o
n

N
u
m
b
e
r

1
'

E
q
u
a
t
i
o
n
s

b
a
s
e
d

i
n
c
l
u
d
i
n
g

c
h
e
c
k

Y
i
e
l
d

p
l
o
t
s
.
1

Y
-

a
-
+

b
1
N
-
+

b

2

2

N
‘
+
b
3

A
L

P
‘
+

b
2

“
P

+
b
N
P
'
+

b

5
6
K

 

Y
f
r
o
m
w
h
o
l
e

+
.
0
2
0
5
6

p
l
o
t

Y
f
r
o
m

p
l
o
t

Y
f
r
o
m

a
c
r
e

Y
f
r
o
m

a
c
r
e

2
n
d

Y
4

f
r
o
m

a
c
r
e

1
s
t

Y
f
r
o
m

a
c
r
e

s
a
m
p
l
e

2
.
8
0
0
5
5

w
h
o
l
e

‘
+
.
5
9
2
6
0

.
8
9
3
7
7

+
1
.
3
5
2
5
5

.
8
5
7
1
9

l
/
l
O
O
‘
+
1
.
8
5
3
1
6

s
a
m
p
l
e

5
.
0
8
1
3
4

1
/
1
0
0

'
+
.
0
8
0
1
7

s
a
m
p
l
e

4
.
8
6
0
7
1

-
0
2
0
8
6
2

4
.
6
0
6
5
5

+
.
2
6
1
1
8

.
0
7
8
4
5

+
.
2
5
5
2
2

.
0
7
2
9
0

+
.
2
7
2
5
4

.
1
0
8
0
5

+
.
2
3
3
3
2

.
1
4
2
3
4

+
.
2
8
7
3
5

.
1
3
6
1
6

+
.
3
0
2
1
7

.
1
2
9
0
4

-
0
0
0
1
5
6

.
0
0
1
5
3

-
0
0
0
1
4
7

.
0
0
1
4
7

-
.
0
0
2
1
1

.
0
0
2
1
1

-
.
0
0
0
3
1

.
0
0
2
7
7

-
.
0
0
1
3
2

.
0
0
2
6
5

-
.
0
0
1
9
7

.
0
0
2
5
2

+
.
0
9
4
3
3

.
0
4
8
7
3

+
.
0
8
9
6
9

.
0
4
3
4
0

+
.
0
5
2
1
3

.
0
6
7
1
2

-
.
0
0
8
2
9

.
0
8
8
4
2

+
.
0
0
8
7
3

.
0
8
4
5
8

+
.
0
2
1
7
7

.
0
8
0
1
5

”
4

-
.
0
0
0
7
4

.
0
0
0
7
9

-
0
0
0
0
6
9

.
0
0
0
7
4

-
.
0
0
0
3
2

.
0
0
1
0
8

+
.
0
0
1
2
0

.
0
0
1
4
3

+
.
0
0
1
6
2

.
0
0
1
3
6

+
.
0
0
0
8
8

.
0
0
1
2
9

+
.
0
0
0
7
6

.
0
0
1
5
2

+
.
0
0
0
7
8

.
0
0
1
5
0

+
.
0
0
1
2
3

.
0
0
2
0
9

-
0
0
0
1
1
3

.
0
0
2
7
5

-
0
0
0
2
0
7

-
0
0
2
6
3

-
.
0
0
0
9
2

.
0
0
2
5
0

+
.
0
1
0
7
8

.
0
4
9
9
8

2
/

-
.
0
1
7
4
2

.
0
6
8
8
4

-
.
0
3
6
3
5

.
0
9
0
6
9

+
.
0
0
7
5
7

.
0
8
6
7
5

+
.
0
1
2
4
1

.
0
8
2
2
1

o
n

c
h
e
c
k
p
l
o
t

y
i
e
l
d

d
i
f
f
e
r
e
n
c
e
s

f
o
r

t
h
e

1
9
6
1

c
o
n
t
r
o
l
l
e
d
-
s
u
r
v
e
y

e
x
p
e
r
i
m
e
n
t
,

(
n
-

7
2
)

.
6
1
7

.
6
2
2

.
4
5
0

.
2
7
3

.
3
0
2

.
3
1
2

4
.
0
9

4
.
0
6

5
.
6
3

7
.
4
2

7
.
1
0

6
.
7
2

 

1
T
h
e

n
u
m
b
e
r

u
n
d
e
r

e
a
c
h

b
v
a
l
u
e

i
s

i
t
s

s
t
a
n
d
a
r
d

e
r
r
o
r
.

2
T
h
e
X
v
a
r
i
a
b
l
e
w
a
s

e
x
c
l
u
d
e
d

i
n

t
h
i
s

e
q
u
a
t
i
o
n
.

31



B
u
s
h
e
l
s

a
c
r
e

p
e
r

.
3
5

1

 
1
0

D
i
a
g
r
a
m

1
.

 
 
 
 
  

M
P
P
N

f
o
r

P
-

8
7
.
0
#
/
a
c
r
e

.
P
-

5
7
.
3
#
/
a
c
r
e

P
r
i
c
e

r
a
t
i
o

-

\
/
’

\
\
“
*
-
_
_
_
_
_

’
_
_
_
.
—
~
—
”
”
”
”

—
<
;
K
\
.
U
p
p
e
r

l
i
m
i
t

f
o
r

\
\
:
§
;
\
\

P
-

8
7
.
0
#
/
a
c
r
e

‘
\
‘

U
p
p
e
r

l
i
m
i
t

f
o
r

“
-
“
‘

P
-
.
5
7
.
3
#
/
a
c
r
e

m
u

f
o
r

 

 

L
o
w
e
r

l
i
m
i
t

f
o
r

0
8

P
-

5
7
.
3
#
/
a
c
r
e

P
r
i
c
e

r
a
t
i
o

-
-
4
=
-
-

*
\

L
o
w
e
r

l
i
m
i
t

f
o
r

\
(
fl
b
'
g

P
-

8
7
.
0
#
/
a
c
r
e

\

\

\

1
1

s
L

I
a

1
l

I

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0
0

P
o
u
n
d
s

o
f
N

a
p
p
l
i
e
d

p
e
r

a
c
r
e

9
0

p
e
r
c
e
n
t

c
o
n
f
i
d
e
n
c
e

l
i
m
i
t
s

f
o
r
t
h
e

m
a
r
g
i
n
a
l

p
h
y
s
i
c
a
l

p
r
o
d
u
c
t
s

o
f

n
i
t
r
o
g
e
n

(
N
)

i
n

t
h
e
p
r
o
d
u
c
t
i
o
n

o
f
w
h
e
a
t
.

1
1
0

32.



B
u
s
h
e
l
s

-
.
1
0

-
0
1
5

“
0
2
0

a
c
r
e

U
p
p
e
r

l
i
m
i
t

f
o
r

N
-

9
2
.
3
#
/
a
c
r
e

  

M
P
P
P

f
o
r

N
-

9
2
.
3
#
/
a
c
r
e

~
\

H
P
P
P

f
o
r

\

  
  
 

U
p
p
e
r

l
i
m
i
t

f
o
r

N
-

6
9
.
6
#
/
a
c
r
e

 

 

 

 
 

-
o,

-
-
"
'
”
_
‘
—
\
‘
\
\

_
P
r
i
c
e

r
a
t
i
o

-
2
.
2
0

“
“
“
-
-
-
i
“
‘

 

L
o
w
e
r

l
i
m
i
t

f
o
r

.
1
0

L
o
w
e
r

l
i
m
i
t

f
o
r

N
.

6
9
.
6
#
/
a
c
r
e

1
.
6
0

N
-

9
2
.
3
#
/
a
c
r
e

 

.
P
r
i
c
e

r
a
t
i
o

8

l
l

J
l

l
l

l
1

l
l

I

 
1
0

2
0

3
0

4
0

5
0

6
O

7
O

8
0

9
0

1
0
0

P
o
u
n
d
s

o
f

P
a
p
p
l
i
e
d

p
e
r

a
c
r
e

D
i
a
g
r
a
m

2
.

9
0

p
e
r
c
e
n
t

c
o
n
f
i
d
e
n
c
e

l
i
m
i
t
s

f
o
r

t
h
e
M
a
r
g
i
n
a
l

p
h
y
s
i
c
a
l

p
r
o
d
u
c
t
s

o
f

p
h
o
s
p
h
a
t
e

(
P
)

i
n

t
h
e

p
r
o
d
u
c
t
i
o
n

o
f
w
h
e
a
t
.

33



34

Two conclusions based on the analyses of the check plot yield dif-

ference data include: (1) for an important range of price ratios, the 90

percent confidence limits indicated that it was profitable to use greater

 

(Hg: c(c+2 X)
ax b+ 41 ‘21

l , 2

2 so + clxl + 2le

Choose a value of X1 - D such that dL > 0 ;

° dx
1

compute L. Compute

(8) D1 - Do - L
 

dL

Xm

for the next approximation of X1, where L and dL are evaluated at X1

“1

Having obtained D1, the values of L and dL , for X1 - D1 are computed

dX
' 1

The procedure is repeated until L - 0, to whatever degree of accuracy

is desired.

It is possible that L>’O for all X > 0. To check this

.-D

O

1

compute L and dL , for X1 - O.

Xm

If L> 0 and dL ,. 0, then

“1

L>'O for all X1 > O and no positive X1 satisfies the condition in

equation (5).

If L> 0 but dL <IO, it is possible that L< O for some X1>'0. To

dx .

1

check this, a graphical procedure seems most convenient.

The upper confidence limit for the high profit X1, given X2, could

be found, if desired, by similar procedures.
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than 40 pounds of N per acre and (2) for P, the 90 percent confidence limits

indicated that the difference between the point estimate optimal level of P

and zero could be due to chance. The economic analysis of these data on pages

44 to 51 will consider this in more detail.

Another procedure that avoids testing whether the MPP differs signifi-

cantly from.zero‘was tried.1 It is to test the null hypothesis 31 I 32 I

a. 8.8.8. . 25 O and/or 3 4 5 0 for the equation Y a-+ blN + sz ‘+ b3?

2
+ b4P .+ bSNP-+ b6R. R2 values were computed for the equations Y I a-+ blN +

2 2,

sz + béx and Y a + b3P + b4P + b6

Table 5, as are the R2 values calculated for the equations in Table 4. (See

X; these R2 values are included in

footnote 1 of Table 5 for an explanation of the test.) The null hypothesis,

31 I 32 I 35 I 0, was rejected for every equation at the 25 percent level of

significance. The larger the plot area harvested the larger the P65,3 value

and thus the higher the level of significance. For the whole plot data, the

hypothesis 81 I 82 - 85 I O was rejected between the five and one percent

level of significance. The 33 I 34 I 35 I 0 hypothesis was not rejected

at the 25 percent level in three instances. It was rejected at this level

when equations based on whole plot and on 1/100 acre data were considered.

The above analysis indicated that the total effect of N was important

in influencing wheat yield. The significance of the effect of N was near

the one percent level for the data from the whole plot. The total effect

of P was not as significant as was that for N; however, its level of

significance was between 50 and 25 percent.

Data, excluding the check plot yield differences that equaled zero,

were analyzed. The results were comparable to those presented in Table 4

 

1This procedure was suggested by Dr. Robert Gustafson. The B 's refer

to the universe coefficients not to the estimates of the universe coef-

ficients which are labeled b1.



36

Table 5. R2 and F values for various equations fitted to the check plot

yield difference data, 1961. (n I 72)

 

 

 

 

 

: 2 2

, YIa+b1N+b2N +b3P+b4P +b5NP+b6K

Yield 2 . .

Q “.2, 2 “311 Q “321

: assuming : _ ass:m_ng- 0 : :ssum;ng _ O

:noB-o:81 32 35 :33 34 35

-----------------------R2 values-------------------

1/,2/
Y1 from whole plot .667 .330 (21.87)'- '- .602 (4.22)

Y2 frmm 1/5 acre

sample .497 .263 (10.08) .453 (1.90)

Y3 from 1/100 acre

sample-2nd .335 .188 (4.79) .292 (1.40)

Y4 from 1/100 acre

sample-lat .361 .253 (3.66) .274 (2.95)

Y5 from 1/50 acre .370 .231 (4.78) .314 (1.930)

1/ R2 R2
‘- Numbers in parentheses are RN-7 3 I'§;1 o - si

’ 3 1 - R2
o

-2-/The distribution for r60 3 is 507. 257. 107. 57. 12

1.25 2.47 5.15 8.57 26.3

from W. J. Dixson and F. J. Massey, Jr., Introduction to Statistical

Analysis (2nd ed.; New York: McGraw-Hill Book Co., Inc., 1957), p. 391.

in that R2 values increased and S values decreased as sample area increased

in size. The signs of the coefficients were not generally consistent with

the law of diminishing returns. None of the coefficients differed signif-

icantly from zero at the ten percent level. Table 6 presents the results

of the analysis of these data. The variances of the MPP's were not derived

for the equations in Table 6, as signs of the coefficients were not

generally consistent with the law of diminishing returns and the coef-

ficients were, in general, quite small relative to their standard error.
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It should be noted that the i2 values are lower for every equation in Table

6 than in Table 4. This is due primarily to the absence of the 18 additional

observations that equaled zero. By definition, these observations are

measured without variation, since the yield from the check plot subtracted

from itself equals zero.

Comparative analysis usipg:actual versus intended applied amounts of

fertilizer nutrients.--Since the amount and combination of the fertilizer

nutrients applied to each plot was carefully weighed, actual values could

be used. This would alleviate the error resulting from using intended

applications. To find out the importance of this error, two equations,

one using the intended, the other the actual input data, were fitted to

the yield data from all 72 of the whole plots.1 The R2 and S values equaled

.407 and 6.66, respectively, when the actual applications were used. These

values were .423 and 6.32 when the intended applications were used as data.

The difference between the R2 values was small and contrary to expectations.

The same was true of the S values.

Analysis of yields from.the different subplots within the acrepplots.--

The yield data from each of the four subplots were compared with the yield

data from the whole plot. Table 7 includes the results of fitting the

four equations, using yield data from the subplots as independent variables

and the yield data from the whole plot as the dependent variable. As the

subplots increase in size, larger R2 values and smaller S values were found.

The "a" values (Y I a.+ biYi) tended to increase and the "b" values

decrease as the size of the sample area decreased. At the lower yield

levels, the yields from the subplots overestimated the whole plot yields,

 

1The check plot yield difference data were not used in this comparison

as the check plot on each farm did not receive the intended application of X.
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and at the higher yield levels, the subplot yields underestimated the Whole

plot yields. This occurred because of the high levels of variation that

existed within the subplot yield data. The variation in the independent

variable caused the "a" values to increase and the "b" values to decrease.

This information will be used in discussions later in this chapter.

Table 7. Equations estimating whole plot yields with yields from the

subplots as independent variables, 1961 controlled-survey. (nI72)

 

 

 

 

Nature of Yi's (Wholeaplotyield I Y I a-EibiYi) : fi2 f S

1/5 acre yields 8.38 +' .86 .686 4.88

1/100 acre yields, 23.34 + .61 .498 6.18

2nd

1/100 acre yields, 29.28 + .52 .496 6.18

1st

1/50 acre yields 23.62 + .61 .523 6.02

 

The 1961 Survey Analysis

The survey yield data were obtained shortly after wheat harvest in

July. Farmers in the survey applied fertilizer twice during the year,

at planting time and again early in the spring when they seeded their

wheat to a legume. All but four of the farmers following this procedure.

The remaining 112 applied fertilizer twice during the year. The fertil-

izers applied at planting time and in the spring were used as separate

variables in the initial analysis. Six independent variables were

included in the Cobb-Douglas equation that was fitted to the data. These

variables included N, P and X applied at planting time and N, P and.X

applied in the spring. None of the coefficients differed significantly

from zero at the five percent level. Less than one percent of the

variation was explained by the equation fitted to the data. High core

relations existed among the independent variables, i.e., the simple
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correlation between P and K applied in the spring equaled .98. The total

amounts of each of the three nutrients were used as independent variables ,

in a Cobb-Douglas type equation and in a polynomial equation to predict

yield. Both analyses produced R2 values less than .01. A standard error

of estimate of about ten bushels resulted from fitting the polynomial

equation to the data.

Survey and Controlled-Survey Comparison

The survey data were subdivided into four groups. These groups were

fermed by stratifying the data by the reported amount of nitrogen and

phosphate used. A group of 31 low N-low P users, of 27 low N-high P, of

26 high N-low P, and one of 32 high N-high P users were delineated (see

Table 11). The five equations that were fitted to the check plot yield

difference data from the whole and subplots were used to predict the

survey yields. The average levels of N and P for each survey group were

substituted into each of the five equations to obtain a predicted yield.

The average check plot yield for the appropriate whole plot or subplots

were then added to these predicted yields.

The results of these substitutions and additions are presented in

Table 8. Each of the equations derived from the controlled-survey

accurately estimated the survey yields for the four different fertilizer

levels. The level of potash included in the prediction equation was

determined by calculating the average level for each of the categories

delineated; it varied for each of the four groupings.

ferences that existed between the predicted and survey yields.1

was calculated for each equation as a measure of the dif-

 

1The method of calculating the predicted yield based on the survey

data caused a possible difference to exist between the predicted and survey

yield. This, of course, is only one possible source of the differences

between the predicted and average yields for the farms in the survey. Dr.
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For future easy reference, this value will be.labeled.S§. See footnote 2 of

Table 8 for the definition of this value. The.S: value was lowest for the

1/50 acre subplot analysis. The analysis of the two-11100 acre subplots

 

Robert Gustafson developed the following as an explanation for this pos-

sible difference:

Suppose for n farms and 2 nutrients

2 2

(1) Y1 Ibo 1+ b1N1p+ b2N1-+ b3P1 + b4P1-+ bSNiPi for i 1,....,n

where Y1 is yield on farm.i, and N1, P

nutrients on farm 1.

1 represent per acre amounts of

If the data are aggregated we obtain

- b b 2 b b 2 b

(2)Y bo+—1-Z N1+_2_2N1+ _3EP1+__42P1 +-§ZNiPi

n n n n n

where Y I‘- 2 Yi

, “ 1-1

When the aggregated inputs are used to predict average yield, the result is

(3):: Ib +b1 N +b2(ZN)2+b3£P +b4 (.zp)2+
P 0 -'Z i -- i -- i -- i

n 2 2

n n

b5
7(3N1)(3P1)

n

Subtracting YP from Y we obtain

- b 2 l 2 b 2 1 2
s- I. z -— 2 z -— Z(4)YYP _2_[. N1 “(N1)]+_4[P1 n ( P1)]+

n n

1’5
n E N1P1-%(£ N1)(2 P1)

or rewriting

(5) Y-YP _2b 2 (N-N)2 + ”4 z (r-i’>) 2+"_5 z (N-N)(r-r)

n iIl n iIl n iIl

where Y-YP represents the difference between the actual average yield

from the aggregated data and the predicted average yield based on the

average amounts of N and P from.the aggregatedndata.

The first two terms in equation (5), b2 3 (N -N)2 and

n iIl iIl

are always negative (assuming b2< O and b4< 0 as they should be). The

2n -

Z 'P) s1 -‘-‘ 1
n

third termnmay, in general, be either positive or negative.

This problem would have been avoided if in equation (3) the means of

the squared terms had been used instead of the squared means.
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produced the next lowest 82 values, with the 1/5 acre area analysis produc-
8

ing the highest 82 It should be noted that the smaller the plot area, thes.

more inaccurate the measurements of N, P and X and yields.1 This may have

been one cause of the relatively high levels of unexplained variance that

existed within the data from the subplots presented in Tables 2 through 7.

The data obtained from the survey were also somewhat inaccurate, as farmers'

estimates of inputs and outputs were used. In addition, farmers whose

fields were low in soil nutrients in all likelihood applied more fertilizer

than did those whose fields had high levels of nutrients in the soil. Thus,

yields would vary little, while the amount of fertilizer applied would vary

more. The response to fertilizer would be smaller and thus agree more with

the data from.the subplots in the controlled-survey.

The predicted yields from the controlled-survey subplots responded

less to different applications of fertilizer than did the predicted yields

based on the whole plot data (see Table 8). The between-treatment yield

variation was less in the subplot data than in the whole plot data.

Similarly, predicted yields from the small subplots were probably over-

estimated for low applications and underestimated for large applications

of N; this tendency probably arose from.biases introduced in the least

squares estimates by increasing random errors associated with measurements

of the independent variables as plot size was reduced. The equations

derived from the subplot data exhibited less response to N because of the

relatively high levels of yield variation not associated with treatment and

because of the errors in observing the amounts of nutrients applied. The

equations fitted to the data of this nature would tend to have high "a”

 

1The applications of N, P and K on the subplots were assumed to be

identical to those on the whole plot area; however, it is possible that

the fertilizer was applied at a slower or faster rate than the average

for the whole plot.
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values and low "b" values. The controlled-survey subplot data had character-

istics that were similar to those of the survey data. The characteristics

of the whole plot data and the survey data were less similar.

An Economic Analysis of the 1961 Data

An economic analysis of the 1961 controlled-survey data was carried

out to determine the'optimwm levels of N and P for two sets of prices.

This analysis was based on the equations shown in Table 4. Two price

alternatives were considered. One included the prices of N and P, each

equal to $.08 per pound and the price of wheat equal to $2.20 per bushel.

The other price alternative included these prices at 3.14 per pound, $.10

per pound, and $1.60 per bushel. In addition, the marginal physical

product estimates were tested to determine if they differed significantly

from zero at the ten percent or five percent levels1 for the high profit

applications of nutrients found in Table 9 for the two price ratios

considered.

The high profit combinations for N and P were calculated. These are

reported in Table 9, along with the profits above fertilizer cost. The

second order conditions for a maximum did not hold for the derivative of

the function with respect to P in equations 3, 4 and 5. Thus, high

profit levels of N were calculated for the two sets of prices for these

equations, holding P constant at the mean application rate of 40 pounds

per acre.

The profit above fertilizer costs was highest for the optimum.levels

of N and P derived from equation 2 in Table 9. Since the levels of N and

P were both considerably beyond the range of the actual applications, the

profits derived from them were not realistic.

 

1Doll, loc. cit., and wright, loc. cit.
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Table 9. Per acre high profit levels and returns above fertilizer costs

at indicated prices, controlled-survey experiment, 1961.

 

 

 

3 Price Of N ' $0.08 : Price of N I $0.14

3 at, = Price of P - $0.08 : Price of p - $0.10

N2“ frzzl‘ Price Of Wheat ' $2.20 : Price of Wheat I $1.60

Table 4 . High profit Returns above : High profit Returns above

: amounts of : : amounts of
 

fart. cost* fert. cost*

 

N : P : : N : P

---e§ggggg---- Dollars ---egggggg---- Dollars

1 92.3 87.0 136.56 69.6 57.3 88.93

1' . 99.6 94.9 137.80 73.3 61.1 89.23

2 143.5 300.4 151.33 88.9 154.8 90.37

3 243.2 .1/ 145.92 162.3 '1/ 84.00

4 58.9 '1/ 117.35 41.8 ‘1/ 78.72

5 58.4 .l/ 121.16 43.7 .1/ 81.51

 

*Price of K assumed equal to $0.06 per pound.

.l/p applied at 40 pound level.

The optimum.amounts of N and P were obtained using equation 1 in

Table 4; they were 92.3 pounds of N and 87.0 pounds of P. These would

be the amounts of N and P a farmer would apply if he paid the low price

for N and P and received the high price for wheat. His return above

fertilizer costs would have been $136.56 per acre.

Taking the case in which the farmer pays the high price of N and P

and receives the low wheat price, the optimum amounts of N and P derived

from equation 1 are as follows: 69.6 pounds of N per acre and 57.3

pounds of P per acre. The return above fertilizer costs would have been

$88.93 per acre.

Then,if the farmer had paid the low price for N and P while receiv-

ing the high price for wheat, and if he had applied 69.6 and 57.3 pounds

of N and P per acre, respectively, he would have received $135.71 as his
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per acre return above fertilizer cost. This is $0.85 less than his return

above fertilizer cost when he used 92.3 pounds of N and 87.0 pounds of P.

In order to determine the sensitivity of returns above fertilizer

costs to changing levels of N and P, Table 10 was constructed. Returns

were calculated using two sets of prices for ten pound increments of both

N and P. Equation 1' from Table 4 was used to calculate the returns above

fertilizer costs. This equation.was based on the check plot yield difference

data for the whole plots and explained a higher proportion of the yield

variation than the other equations. The signs of the coefficients in this

equation agreed with the law of diminishing returns. Returns above fertil-

izer costs increased at a diminishing rate and then decreased as the

application of P varied between 0 and 80 pounds per acre. The returns

above fertilizer costs associated with larger applications of N increased

at a diminishing rate but did not decrease for applications of N that varied

between 0 and 60 pounds per acre. Returns were responsive to changes in N;

if P was held at the 80 pound level, returns ranged from $116.18 per acre

for a 10 pound application of N to $135.80 per acre for a 60 pound applica-

tion. In general, the profits which were calculated for the varying incre-

‘ments of N and P exhibited a low response to P and a somewhat higher

response to N. An application of 40 pounds per acre of N and 40 pounds

per acre of P returned $129.74 per acre above fertilizer costs. This is

$6.14 less per acre than the application of 60 pounds of N and 70 pounds

of P. On the basis of this 1961 information, it would have paid a farmer

to have applied these higher levels of N and P.

An analysis of the survey data proved unrewarding when a second degree

polynomial and a Cobb-Douglas type equation were fitted to the data. No

economic analysis was attempted using these equations. As an alternative,

the data were grouped into four categories representing farmers who applied
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121.40

Table 10. Estimated returns above the cost of N and P, 1961 controlled-

survey.1

Pou:::eper: Yield, in bushels per acre

P VN : 0 : 10 : 20 : 30 : 40 : 50 : 60

10 49.70 - - - - - ' -

10 - 53.60 55.79 ‘ 57.69 59.29 60.60 61.61

20 - 54.37 56.64 58.61 60.29 61.68 62.77

30 - 55.00 57.35 59.40 61.16 62.62 63.79

40 - 55.49 57.92 60.05 61.88 63.42 64.67

50 - 55.85 58.35 60.56 62.47 64.09 65.41

60 - 56.06 58.64 60.93 62.92 64.62 66.02

70 - 56.14 58.80 61.16 63.23 65.01 66.49

80 - 56.08 58.82 61.26 63.40 65.26 66.82

Pounds per: Returns above the cost of N and P

; 1:12: 2: 2: $333232:
P \\ N ° Price of Wheat I $2.20/bushe1

: 0 : 10 : 20 : 30 : 40 : 50 : 60

0 109.34 - - - - - -

10 - 116.32 120.34 123.72 126.44 128.52 129.94

20 - 117.21 121.41 124.94 127.84 130.10 131.69

30 - 117.80 122.17 125.88 128.95 131.36 133.14

40 - 118.08 122.62 126.51 129.74 132.32 134.27

50 - 118.07 122.77 126.83 130.23 133.00 135.10

60 - 117.73 122.61 126.85 130.42 133.36 135.64

70 - 117.11 122.16 126.55 130.31 133.42 135.88

80 - 116.18 ' 125.97 129.88 133.17 135.80

 



Table 10 - continued

 

Pounds per:

acre :

Returns above the cost of N and P

Price of N I $.14/pound

Price of P I $.10/pound

Price of Wheat I $1.6leushe1
 

 

10 20 30 40 50 60

0 79.52 - - - - - -

10 - 83.36 85.46 87.10 88.26 88.96 89.18

20 - 83.59 85.82 87.58 88.86 89.69 90.03

30 - 83.60 85.96 87.84 89.26 90.19 90.66

40 - 83.36 85.87 87.88 89.40 90.47 91.07

50 - 82.96 85.56 87.70 89.35 90.54 91.26

60 - 82.30 85.02 87.29 89.07 90.39 91.23

70 - 81.42 84.28 86.66 88.57 90.02 90.98

80 - 80.33 83.31 85.82 87.84 89.42 90.51

 

1Equation 1' from Table 4 was used for these computations.

different amounts of N and P. Table 11 contains the average levels of N,

P, K and yields for each of these groupings, and net returns above fer-

tilizer costs, assuming the usual sets of price ratio. The farmers in

group 4 who used, on the average, high levels of N, P and K, netted less

per acre, when the fertilizer price was high relative to the price of

wheat, than did those in group 1 who used, on the average, low levels of

N, P and K.

A comparison of Tables 10 and 11 revealed that the returns

above fertilizer costs derived from the whole plot data of the controlled-

survey were higher than the returns calculated for the four groupings of

the 1961 survey results. As stated earlier, the survey yield results

were less responsive to applications of nutrients and thus had low returns

above fertilizer costs. If controls identical to the controlled-survey
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had been.imposed on the farms included in the survey, the returns above

fertilizer costs would have been.more similar for the survey and controlled-

survey analyses.

The comparison of survey and controlled-survey results shown in Table 8

indicates that the analysis of the 1961 controlled-survey data provided a

rather consistent predictor of wheat yields using average levels of N, P and

K for farms that were, in general, similar to those included in the control-

led-survey. The prediction based on the 1/50 acre subplot proved to be

closer to the survey yields than the predictions based on other data.

The analysis of the controlled-survey data has indicated that 50 pounds

of N per acre and 40 pounds of P per acre would have returned $132.32 per

acre, while these approximate levels of nutrients returned $116.28 per acre

for survey data. An application of about 50 pounds of N and 80 pounds of P

returned $133.17 per acre based on the data from the controlled-survey, as

compared to the $126.42 per acre based on the survey data.

Confidence limits were placed on the MPP of N and P in the production

of wheat. The lower 90 percent confidence limit derived from equation 1

in Table 4 equaled the price ratio, N I $.14 per pound over wheat I $1.60

per bushel, at 48 pounds of N. The profit per acre when 48 pounds of N and

57 pounds of P were applied was only $1.12 less than that when the point-

estimate optimal levels of N and P were applied. The price ratios of N I

3.08 per pound over wheat I $2.20 per bushel, equaled the 90 percent confi-

dence limdt at 52 pounds of N. For this set of prices and for 52 pounds of

N and 87 pounds of P, the profit per acre was $5.85 less than that for the

point-estimate optimal combination of nutrients.

For the 1961 data, the economic analysis indicated that N affected

yields to a greater extent than did P. The 90 percent confidence limits

placed on the MPP of N when it equaled the price ratio indicated that at
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least 50 pounds of N should be applied per acre. The difference in returns

above fertilizer costs when 50 pounds instead of 92 pounds of N per acre

was used equaled $5.85 per acre. The total effect of N on yield was

demonstrated when the null hypothesis b1 I b2 I b5 I 0 was rejected at

between the one and five percent level when the equation based on the

whole plot data was used.

The 90 percent confidence limits placed on the high profit level of

P indicated there was no significant difference between a zero application

of P and the optimal application of 87 pounds of P per acre. The profit

levels contained in Table 10 indicate a lack of response of returns to

increased applications of P. The total effect of P on yields was not as

great as the total effect of N on yields. This was demonstrated when the

null hypothesis b3 I b4 I bS I 0 was tested. This hypothesis was rejected

at between the 25 and 10 percent level of significance. An application of

at least 40 pounds of P would not have adversely affected returns above

fertilizer costs, but it would have supplied the wheat with a maintenance

amount of P for the growing season.1 Higher applications of P would have

had little effect on returns above fertilizer costs (see Table 10).

1962 Experiments and Survey

A broad outline of the controlled-survey appears in the previous

chapter. The survey was also discussed in some detail in that chapter.

The 1962 experiment and survey were conducted in practically the same

manner. The differences are spelled out in Chapter 111. See Appendices

IV and V for the 1962 data. The 1962 controlled-survey included nine

farms and seven plots per farm. The difference between the 1961 and 1962

 

1This maintenance amount would insure that the yield response to

N would not be depressed because of lack of P.
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controlled-surveysare fully described in Chapter III. This new procedure

allowed the plots to be planted at the usual planting time. An additional

experiment was initiated in 1962, incorporating the design used in the

controlled-survey with the entire experiment being located within one field

on a farm (see Appendix V1 for the data). The "typical" experiment is fully

described on pages 21 and 22 in Chapter III. This experiment was conducted

so that information from an analysis of the data obtained therefrom could

be compared with the analysis of the controlled-survey experiment and with

data obtained from the survey.

The 1962 Controlled-Survey Experiment

In addition to the differences discussed above, there were also a few

differences with respect to harvesting between the 1962 controlled-survey

experiment and that of the previous year. These differences were: (1)

a 1/10 acre subplot was harvested instead of‘a 1/5 acre area and (2) no

single plot was harvested in 1/100 acre areas. The winter weather caused

extensive winterkill damage over the entire area in which the experiment

was conducted. Some plots had more winterkill damage than others; however,

no relationship was observed to exist between the amount of winterkill and

fertilizer treatment. As indicated in Chapter 111, if wheat had been

winterkilled over an area large enough so that a drill could be used to

plant oats, then oats were planted. This was done so that weed infesta-

tion could be held to a minimum. Care was taken to "square up" the

winterkilled areas so that they could be more easily measured; thus,

necessary adjustments for the reduction in wheat acreage could be made

in the wheat yield data.

Analysis of actual yields.--The analysis of the data obtained from

the subplots as well as those from.the whole plot is presented in Table

12. The check plots are included as observations. The yields are
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unadjusted for check plots and thus represent the total yield, converted to

bushels per acre, for each particular subplot area. The data are quite

heterogeneous. The equation based on yields from 1/10 acre was the only

one having coefficients with signs consistent with the law of diminishing

returns. None of the coefficients in this equation differed significantly

from zero at the 20 percent level. In general, as the size of the subplot

increased, R2 values increased and S values decreased. The R2 values were

quite low, ranging from O to .134. No economic analysis was attempted using

these data, and attention was concentrated on the check plot yield dif-

ference data.

Analysis of check plot yield differences.--The check plot yields were

subtracted from the treatment yield for each farm. 'Yield differences were

then considered as a function of treatment levels. The resultant estimates

are presented in Table 13. The R2 values ranged from O to .262, with the

higher values associated with the analysis of data from the larger plot areas.

The high 8 values were associated with the small subplots. The equation

based on data for the 1/50 acre plot area was the only one that had coef-

ficients with signs that agreed generally with the law of diminishing

returns. However, only the coefficient of the P2 variable differed signif-

icantly from zero at the ten percent level of significance. The coefficient

of the N variable for equation 1 and that of the K variable in equation 2

were the only other coefficients that differed significantly from zero at

the ten percent level.

Marginal physical products were calculated using equations 1, 2 and 5

in Table 13. None of the calculated MPP's differed significantly from

zero at the 20 percent level for Optimum.nutrient levels calculated for

two sets of price ratios. Ninety percent confidence limits were derived

for the MPP of N,assuming P equal to 40 pounds for equation 1 from Table
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13. Neither the lower nor upper limit crossed the zero price ratio line

at positive levels of N.

The null hypothesis 31 I 32 I 35 I 0 (the total effect of N equal

zero) was rejected at the ten percent level of significance, in the case

when equation 1 from Table 12 was used in the analysis. Table 14 contains

the results of testing this hypothesis. For equation 2, this null hypothesis

was rejected between the 50 and 25 percent level of significance. The

larger the harvested area, the larger the P and the higher the level
N-7,3

of significance. The null hypothesis 33 I 34 I 35 I 0 (the total effect

of P equal zero) was rejected between the 50 and 25 percent level of

significance when equation 5 was used and between 25 and 10 percent when

equation 2 was used. It was not rejected for equation 1.

Table 14. R2 and F values for various equations fitted to the check plot

yield difference data, 1962.

 

 

 

 

 

‘ 2 2
: YIa+b1N+b2N +b3P+b4P +b5NP+b6R

Yi 1d : ' : : 2
e . R: , R31 ' . Rs2

' ‘ assuming ° assumin
: assuming : _ _ _ : - _ 3.

:noBI0:81 5g 35 0:33 34 B5. 0

- ------------------------R2 values---------------------

1. Y1 from whole . 1/ 2/ ‘

plot (nI63) .334 .091 (6.81)- ”- .332 (.34)

2. Y2 from 1/10 acre

area (nI45) .305 .231 (1.35) .165 (2.55)

5. Y5 from 1/5 acre

area (nI6O) .190 .148 (.82) .125 (1.26)

‘ . ' - 2 2

‘l/Numbers in parentheses are P I N-7 Ro ' Rsi
N-7,3 _3- --—--

1--112
0

Table continued on following page.
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Table 14 - continued

50% 25% 10% 5% 1%

E/Distribution for F60,3 1.25 2.47 5.15 8.57 26.3

F50’3 1.25 2.47 5.15 8.58 26.4

F 1.25 2.47 5.16 8.59 26.4
40,3

from Dixson and Massey, loc. cit.

Analysis of_yields harvested from different sized areas within the

acre plots.--An analysis of yields from.the various sample areas was con-

ducted to determine the relationship between yield from the whole plot

and that from the subplots. Table 15 includes a summary of this analysis.

The R2 values were quite low, with the S values relatively high. The "a"

value in each equation was quite high when, theoretically, it should have

been near zero. The "b" values were low. The damage caused by winterkill

was a factor in causing the subplot yields to be poor predictors of the

whole plot yields.

Table 15. Equations estimating whole plot yields with yields from.the

sample areas as independent variables, 1962 controlled-survey.

 

 

(Wholegplotgyield I Y I a1+ biYi) : -2
 

 

I 0

Nature of Y1 s a : bi : R : S

1/10 acre yield 31.67 .43 .157 7.61

nI45

1/100 acre yield 31.28 .36 .164 7.84

nI60

1/50 acre yield 24.80 .51 .257 7.40

nI60
 

These 1962 results are similar to those obtained in 1961. The low

yields from the whole plot were overestimated and the high yields under-

estimated by the subplot yields. The random errors associated with the

yield data from the subplots, as compared with that from the whole plot
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yield, was a possible cause for the high "a" value and the low "b" values

that resulted. This problem is discussed in more detail on pages 40 and 41.

The 1962 "Typical" Experiment Analysis

This phase of the 1962 project was designed so that results from a

controlled-survey could be compared with a "typical" experiment. The

theoretical levels of N, P and K applied were the same as for the controlled-

survey experiment. The approximate actual amount applied for the "typicaP'

experiment was measured by weighing each fertilizer treatment in and out of

the drill after six replications had been planted.1 (Table 16 contains the

list of intended and approximate actual applications of N, P and K.) 'When

the wheat was fertilized for this experiment, much care was taken to cali-

brate the drill accurately. A 1/100 acre area was laid out and the drill

pulled the length of the area, with the discharged fertilizer caught and

weighed. This procedure was repeated until two successive weights were

obtained which agreed with the theoretical amount. Observation of data

presented in Table 16 indicates that this careful procedure did not elimi-

nate errors in applying nutrients.

Table 16. The intended and approximate actual applications of fertilizer

nutrients in the "typical" experiment conducted in 1962.

 

 

Intended per acre applications : Approx. actual per acre applications
 

 

N : P : K : N : P : K

- -------------------------------Pounds------------------------------------

0 0 40 0 0 72.8

0 40 40 0 61.2 61.2

15 20 40 19.7 26.2 52.4

15 6O 40 17.0 67.8 45.2

30 0 40 31.2 0 41.6

30 40 40 36.0 48.0 48.0

30 80 40 38.4 102.4 51.2

45 20 40 58.1 25.8 51.6

45 6O 40 53.6 71.4 47.6

60 40 40 73.8 49.2 49.2

 

 

‘ 1This approximate actual amount applied was adjusted for the esti-

mated mmount of fertilizer that was used on the ends of the plots.
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Two equations were fitted to the data from this "typical" experiment;

one equation included the approximate actual amount of fertilizer applied,

the other the intended amount of fertilizer applied as independent variables.

The R2 values for both equations were less than zero. Winterkill damage

had caused the individual plot yields to be low, with no response to N or

P. The S values were each above seven bushels per acre. The coefficients

were small and, when considered individually, did not differ significantly

from zero at the 20 percent level. The signs of the coefficients in the

equations did not agree with the law of diminishing returns. Table 17

contains the equations as well as the S values. See pages 66 and 67 for

some comparison with the controlled-survey.

The 1962 Survey Analysis

The survey data in 1962 were obtained using the same farmers who

cooperated the previous year (Appendix V contains the data). See Chapter

III for a more detailed discussion of the survey procedure. The number of

actual observations was decreased to 70 because the fields some farmers

planted to wheat in 1962 did not meet the previously described requirements.

Information about the percent of winterkill of wheat was obtained. Each

farmer was asked for the total yield he obtained from the area he planted;

if the winterkill exceeded 20 percent of the wheat field, the average yield

on the farm was adjusted upward in line with the adjustments made in the

controlled-survey. No adjustments were made if the estimated winterkill

damage was less than 20 percent of the field. The following three functions

resulted when the data were analyzed.

Log ? - 1.33247 - .09309 log N.+ .13956 103 p + .11499 log x

(.06187) (.08769) (.07760)

82 - .15

S I .07978
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§ . 32.425 - .27385 N.+ .00106 N2 + .34320 p - .00217 P2 + .00117 NP -+

(.34833) (.00184) (.27246) (.00147) (.00274)

.09382 K -2

(.04984) ' '130

S I 7.895

? . 34.729 - .34591 N'+ .00134 N2 + .46531 P - .00465 p2 - .07301 x-+

(.42908) (.00203) (.32963) (.00305) (.35778)

.00019 221+ .00334 NP-+ .oozss px - .00145 xx -2

(.00106) (.00413) (.00280) (.00524) R ' '100

S I 8.029

The log function explained the highest prOportion of the variance in the

data. None of the functions had an individual coefficient that differed

significantly from zero at the 10 percent level. This is not surprising,

since the levels of intercorrelation among the independent variables were

high, i.e., for one equation r K-.54~ There were, however, certain coef-

P

ficients that were surprisingly large relative to their standard error.

Comparative Analysis of the "Typical" Experiment,

the Controlled-Survey Experiment and the Survey for 1962

This section will contain comparisons among the various experiments

and the survey. First, the "typical" and controlled-survey experiments

are compared. Next, comparisons between the survey and controlled-survey

are made. Last, a three-way comparison of the "typical" experiment,

the controlled-survey and survey are made.

A;comparison of the "typical" and controlled-survey experimental

results.--The "typical" experiment and the controlled-survey data are

compared in Table 18. The mean yields for every treatment level are

higher for the controlled-survey experiment than for the "typical" experi-

ment. The standard deviation calculated from the yield data for each

treatment level was, in general, smaller for the actual data from the

controlled-survey than for the data from.the "typical" experiment. This
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was true even though the controlled-survey data were obtained from nine dif-

ferent farms, while the "typical" experiment data came from a small portion

of a single field. Both the controlled-survey and the "typical" experiment

data were affected by winterkill damage in 1962. The coefficients in the

equations fitted to the "typical" experiment data were low. The R2 values

for the equations fitted using the data from the "typical" experiment were

less than zero; the R2 values using the actual yields from the controlled-

survey experiment ranged from less than zero when yields from the 1/100 acre

areas were used as the dependent variable to .134 when yields from.the whole

plot were used (see Table 12).

Standard deviations were calculated using the check plot yield dif-

ferences for each treatment. In all but one case, the standard deviations

for the yield differences were lower than that of the actual controlled-

survey yields. The check plot on each farm was effective in removing some

of the within-treatment yield variation.

Survey and control1ed-survey_comparisons.--The survey data were sub-

divided into four groups formed by classifying the data in a two x two

table which included high and low levels of both N and P (see Table 22).

Average yields obtained and average pounds of N, P and K applied were calcu-

lated. The levels of fertilizer nutrients were incorporated in prediction

equations (see Table 13) derived from the controlled-survey data. The

average check plot yield was added to the estimated Y to obtain the pre-

dicted Y. The predicted yields and average survey yields are shown in

Table 19. The predicted yields using equation 1 were higher in every case

than the average yields from the survey. This is consistent with the
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information presented on pages 40 and 41. Equation 2 predicted yields close

to the survey average in all groups except the low N and high P group. The

range in predicted yields for a given equation was generally not great.

The analysis based on equation 1, derived from whole plot yields,

proved to be the only one in which yields increased as higher amounts of

either N or*P were applied. The 82 value was calculated for each equation

S

in Table 19. The analysis based on 1/50 acre plots had the lowest 828 value,

while the analysis of the 1/10 acre plot had the highest 8: value.

There were nine fields in the controlled-survey experiment. These

fields were a small sample of the total number of fields in the universe

of inquiry. This would reduce the representativeness of the data obtained

in the controlled-survey experiment and could be a cause for the inability

of the controlled-survey results to predict the survey results.

The subplot data from the controlled-survey typically were more hetero-

geneous than that from the whole plot. The possible inaccurate measurement

of the amount of N and P applied to these areas introduced an element of

random error that caused the "a" value to be overestimated and the "b"

values to be underestimated when production functions were fitted to these

data. The survey data was affected by certain farmers applying high levels

of N and P to infertile soils and other farmers applying low levels to

fertile soils. The survey yields varied little, while the amount of N and

P applied varied more. The analysis of the survey data indicated that the

yields responded little to applications of fertilizer. These facts about the

subplot controlledIsurvey data and the survey data indicate why they were

more comparable than the whole plot controlled-survey data and the survey

data.

The analysis of the whole plot data from the controlled-survey indi-

cated more response to N and P than in the equations fitted to the survey
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data. However, the response to P in the equations fitted to the whole plot

controlled-survey data was not great (see Table 14). The results obtained

from the equations fitted to the whole plot data are more typical of the

way wheat was thought to respond to N and P on the farms than the survey

results indicated.

Controlled-survey, "typical" experiment and survey comparisOns.--The

equation fitted to the approximate actual input data and to'the yield data

of the "typical" experiment (equation 2 in Table 17) was used as the basis

for estimating yields using the four group average amounts of N and P

obtained in the 1962 survey. When this equation was solved, assuming the

"a" value equal to zero, the estimated yields were negative, the highest

negative being -3.21 for the high N-low P survey group. The more N and P

applied, the lower the predicted yield. Table 20 contains a summary of

this analysis as well as a summary of an analysis in which the average

check plot yields from the controlled-survey were substituted for the "a"

value in the equation derived from the "typical" experiment. The estimate

based wholly on the "typical" experiment data does not, for any group, come

close to estimating the survey average yield. The low "a" value and the

inability of the function to produce yield responses to varying N,_P and

K.levels were the reasons the 3: value equaled 205.18. In all cases, the

higher the "a" value (check plot means), the closer the predicted yields

were to the survey averages. Check plot means from the controlled-survey

would have predicted survey yields more closely than the predictions based

on the "typical" experiment analysis.

The incidence of winterkill in 1962 was a major cause of the hetero-

geneity in the data from the survey, controlled-survey and the "typical"

experiment. For this reason, the data from the "typical" experiment were

practically useless. The subplot controlled-survey data were also adversely
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affected by this winterkill damage. Even with the winterkill damage, the

analysis of the whole plot data from.the controlled-survey produced results

which were useful.

An Economic Analysis of the 1962 Data

High profit levels of nutrients were calculated for the 1962 control-

led-survey, utilizing equations 1, 2 and 5 from‘Table 13. The price ratios

used were the same as those used in the economic analysis of the 1961 data.

Table 21 contains a summary of this economic analysis. Only three of the

coefficients in equations 1, 2 and 5 differed significantly from zero at the

10 percent level. None of the marginal physical products differed signif-

icantly from zero at the 20 percent level for nutrient levels included in

Table 21. As the price ratios changed, the profit above fertilizer cost

varied from $32 per acre to as much as $38 per acre, depending on the

function on which the estimates were based. Ninety percent confidence

limits were derived for the high profit MPP of N assuming P equal to 40

pounds per acre, using equation 5 from Table 13. These lbmits did not

cross either price ratio line at positive levels of N. The null hypothesis

81 - 82 I 85 I 0 (the total effect of N is zero) and 83 I 84 I 85 I 0

(the total effect of P is zero) were not rejected (at the five percent

level of significance) in any case when equations 1, 2 and 5 from Table

13 were used in the analysis. They were, however, generally rejected at

between the 50 and 25 percent levels.

Profit levels derived from the equation based on an analysis of yields

obtained from.the whole plot changed little as nutrient levels varied. The

high profit levels of N in this case did vary with prices more absolutely

but less percentagewise than did those for the equations fitted to the sub-

plot data. Equation 5, based on 1/50 acre data, produced the greatest

percentage changes in the high profit levels of N and P as well as the
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greatest change in profit above fertilizer cost for the two price ratios

considered. No detailed economic analysis was conducted as the data were

heterogeneous.

The "typical" experimental data proved to be heterogeneous; thus, no

economic analysis was attempted.

The data obtained from the survey of farmers were divided into four

groups, with average N, P and R and yields determined for each group (see

Table 22). Returns above fertilizer costs were calculated for two sets of

price ratios. The returns obtained in the survey, Table 22, and those

estimated from.equations fitted to the controlled-survey data are quite

similar (see Table 21).

Table 21. High.profit levels of nitrogen and phosphate computed for two

' price ratios using equations 1,.2 and 5 from Table 13, 1962.

. : Price of N I $0.0871b. Price of N I $0.14/1b.

 

  

 

 

 

Equation : Price of P I $0.08/1b. : Price of P I $0.10/1b:

No. from : Price of Wheat I $2.20/bu. : Price of Wheat Ig$l.60/bu.

3333:3535?” “2:53 32?: '33??? = ”1:53:22?
: jg : P 2 . 2 N g P .:

----1gggngg----- Dollars ----1gggg§gr ----- Dollars

1 87.9 401/ 109.61 63.4 401’ 71.20

2 301’ 57.4 97.53 30y 51.3 65.50

5 29.1 36.7 109.64 16.9 22.8 75.94

1/
-'Assuned equal to mean levels of application.

Practical Conclusions gased on the

1961 and 1962 Experiments-and Survey

1. The "typical" experiment produced data that were practically

useless.
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Generally, the yields obtained in the controlled-survey from

the whole plot were more closely related to N and P applied

than were the yields from.the subplots.

Yields from the subplots in the controlled-survey were not

closely related to yields from the whole plots.

The analysis of the 1961 and 1962 controlled-survey data indicated

that about 80 pounds of N and from.zero to 60 pounds of P would

have probably returned the most above fertilizer costs. The farmers

in the surveys who applied about 40 pounds of N and about 80 pounds

of P received the highest return above fertilizer costs. General

fertilizer recommendations, based on part on other information,

are found on p. 99.

The survey data were useful as measures of-representativeness;

however, the less strict controls imposed upon the survey farms

allowed a range in soil fertility to exist in the wheat fields

among farms. This resulted possibly in farmers with the more

fertile fields applying less fertilizer and those with less fertile

fields applying more fertilizer. The 1962 controlled-survey pro-

duced more representative data than did the "typical" experiment

conducted that year. . .

The subplot data from the controlled-survey yield data were character-

ized by less response to applied N and P. The whole plot data were

thought to be more representative of the defined universe than data

from.the subplots.

The marginal physical products of the nutrients in the pro-

duction of wheat approached zero at the high profit point as

the price of wheat increased relative to the price of nutrients.

In addition to testing the null hypothesis that the universe

MPP I 0 at the estimated high profit points, two other

statistical procedures were utilized. In one, confidence



72

limits were placed on the high profit amounts of nutrients. In the other

case, the null hypotheses that 81 I 82 I 35 I 0 and 83 I 84.. 35 I 0

were tested.1 These procedures are felt to be more meaningful than either

testing the significance of individual coefficients or testing whether or

not the marginal physical product at the high profit combination of

nutrients differs significantly from zero. These tests for both the 1961

and 1962 data generally indicated that N affected yield more than did P.

 

1The first hypothesis is that the effect of N on yield is zero;

the second is that the effect of P on yield is zero.



CHAPTER V

SOME ECONOMICS OF EXPERIMENTATION WITH REFERENCE TO

SIZE, SHAPE, REPLICATION AND LOCATION OF EXPERIMENTAL PLOTS

The costs and benefits associated with varying size, shape, replica-

tion and location of experimental plots are estimated and compared in this

chapter. Answers are given to certain questions about the appropriate

experimental designs to use in doing agronomic-economic research. The

costs to consider in setting up an experiment include (1) the actual experi-

mental costs and (2) the opportunity costs of using a certain experimental

procedure. Some of the benefits to consider include (1) the reduction in

the levels of within-treatment and/or unexplainced variance and (2) the

increased representativeness of estimates.

The cost estimates for conducting various experiments are made first.

The costs associated with plots varying in size and located within a single

field are estimated. Next, estimates are made of the costs associated with

varying plot sizes and varying number of replications in an experiment

located within a 12 acre field. The costs of locating acre plots on 18

randomly chosen sites in the controlled-survey are estimated. Finally,

the cost of conducting a survey is given.

The benefits associated with varying the size and shape of plots

located within a single field include comparisons of the means from samples

and the standard deviations from samples. For each size and shape, samples

of sixty plots were obtained by replacement sampling of combinations of

1/100 acre plots from the plot harvested in l/lOO acre segments. Means

and standard deviations were computed for each of these samples. Next,

the benefits associated with varying plot sizes and varying number of

73
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replications in an experiment located‘within a 12 acre field were calculated.

The means of the samples of various size plots were compared with the actual

whole plot yield. The standard deviations of the samples were compared with

each other. The controlled-survey was evaluated using data obtained from

the surveys conducted in 1961 and 1962 and the "typical" experiment conducted

in 1962. '

Comparisons were made of the costs and benefits of using various sizes

and shapes of plots, various numbersof replications, and experimental

procedures involving location of plots, i.e., the controlled-survey versus

the "typical" experiment.

The Costs of Varying Size, Replication

and Location ofygxperimental Plots

The cost estimates are based, in part, on the author's experiences

with the "typical" and controlled-survey experiments and the surveys con-

ducted in 1961 and 1962. Chapter III contains a description of these

studies. The costs of varying plot sizes within a single experimental

field were estimated with help from the Parm.Cr0ps and Soil Science

Departments at Michigan State University.1

The following includes cost estimates for (1) plots varying in shape

and size using the "typical" experimental procedure, (2) plots varying in

size and number of replications for the "typical" experimental procedure,

(3) acre plots located on 18 randomly chosen sites for the controlled-sur-

vey procedure, and (4) the survey of a randomly selected group of farmers.

Cost Estimates for Plots, Varying in

Size, Located within a Single Field2

The following is a description of costs for the various operations

 

1Professor Hubert Brown and Dr. Lynn.Robertson helped make the estimates.

28cc Table 27 for these estimates.
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associated with experimental plot work. These estimates are for plots

varying in size from l/lOO to one acre, assuming that six replications of

ten treatments were included in an experiment laid out in a single field.

It was also assumed that an experimental site as large as 60 acres1 could

be obtained as readily as one an acre in size. A plot shape that would

facilitate planting and harvesting was assumed. Not included in the cost

estimates was the wage of the researcher as this project would be only a

portion of his total research load.

‘Lgcation ofyplot area.--The researchen,along with a county agent, was

assumed to take two eight-hour days to locate a suitable plot site.

Land rental.--A rental rate of $10 cash per acre was used as the
 

cost of land for the experimental plots. In addition, each farmer kept

the wheat harvested from the plot area. Border areas were estimated and

included in the land rental. Table 23 contains the land rental costs as

they vary with plot size.

Table 23. Derivation of cost estimates for land rental and seed for

the various size plots.

 

 

 

 

Sixty plots 3 Acres 3 r::::1 : Seed

Of size For plots : For border : Total : costs : costs

------------------------Acres----------------------- -----Dollars----~--

1/100 .6 .4 1.0 10.00 6.00

2/100 1.2 .4 1.6 16.00 9.60

5/100 3.0 .5 3.5 35.00 21.00

lO/lOO 6.0 .5 6.5 65.00 49.00

20/100 12.0 1.0‘ 13.0 130.00 78.00

50/100 30.0 1.5 31.5 315.00 189.00

100/100 60.0 2.0 62.0 620.00 372.00

 

 

1It would be difficult, if not impossible, to locate an acceptable

area this large.
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Seed costs.--Certified seed at $3 per bushel was assumed to be used

for planting the plots and the border area at the‘rate of two bushels per

acre. Table 23 includes these cost estimates.

Table 24. Soil sampling costs for various plot sizes.

 

 

 

Sixty plots 3. : Probes :

of size : Days : per plot : Coat

Acres -------------------Number- --------------- Dollars

1/100 1 6 30

2/100 1 12 30

5/100 1 30 30

10/100 2 60 60

20/100 2 80 60

50/100 2.5 120 75

100/100 4 .160 120

 

Fertilizer costs.--A composite design.with six additional check

observations at the 0-0 level of N and P was used. Forty pounds of R was

assumed to be applied to all plots. A 30 percent excess of fertilizer

nutrients was purchased to insure an adequate amount of nutrients for the

plot area, after taking into account wastes in.mixing fertilizer. The

following prices of nutrients were assumed: $0.10, $0.09, and $0.06 per

pound for N, P and K, respectively.

Soil sampling.--The number of probes per unit area was assumed to

diminish as plot size increased. The number of days for the researcher

to sample probe the plot area was estimated. Travel and subsistence were

assumed to be $30 per day. Table 24 contains these cost estimates.

Soil testigg.--It was assumed that the soil samples from the 60

plots could be tested at $3 per sample or $180 for each experiment.

moving the fertilizer to the experimental site.--For the l/lOO and

2/100 acre plots, the fertilizer could be moved to the experimental site

at planting time. When the cost of the 5/100 and 10/100 acre plots was
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determined, an additional separate operation was required to transport the

N, P and K to the plot area. This involved one day at $20 per day for one

truck and $12 per eight-hour day for each of two men. The 2/100 acre plots

were estimated to require 1 1/2 days and the 5/100 and one-acre plots two

days.

Planting and fertilizing_the plots.--This operation assumed the use of

three men, including the researcher. The other two men were paid $12 each

per day. As the drill used was assumed to be owned by the University, no

direct charges were made for its use. Travel and subsistence were included.

Table 25 includes the derivation of the estimates of these costs.

Table 25. Derivation of cost estimates for planting and fertilizing the

various sized plots.

 

 

 

: Time to : : Travel and :

81:;y8pizts : complete : Wages : subsistence : Total costs

: planting_ : : for the 3 men :

Acres Hours ------------------Dollars---------------------

l/lOO 3.00 9.00 30.00 39.00

2/100 3.25 9.75 30.00 39.75

5/100 4.00 12.00 30.00 42.00

10/100 5.25 15.75 30.00 45.75

20/100 7.75 23.25 30.00 53.25

50/100 15.25 45.75 60.00 105.75

100/100 27.75 83.25 90.00 173.25

 

lIncludes moving machinery to the plot area.

Observing theyplots.--It was assumed that the researcher could

adequately observe the plots up to the one-acre size in three days. Four

days were required for the acre plots. Travel and subsistence were

assumed to equal $30 per day.

Harvesting, weighing and recordigg.--It took the author, two men

and the combine operator 2 1/2 hours to complete the harvest of the 1962

 

1/100 acre plot experiment. It was assumed that an additional quarter
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hour per l/lOO acre increase in size would suffice to allow the larger

plots to be harvested. The wages paid included $1.50 per hour for each

of two men and $20 per hour for the combine, itsoperator and a truck.

Table 26 contains cost and time information for the harvesting procedure.

Table 26. Derivation of cost estimates for the harvesting procedure of

the various plot sizes.

 

 

 

Sixty plots : Time to complete : Cost at : Travel and : Total

of size : harvestiggi : _$23 per hour : subsistence : cost

Acres Hours -----------------Dollars-----------------

1/100 2.50 57.50 30.00 87.50

2/100 2.75 63.25 30.00 93.50

5/100 3.50 80.50 30.00 110.50

lO/lOO 4.75 109.25 30.00 139.25

20/100 7.25 166.75 30.00 196.75

50/100 14.75 339.25 60.00 399.25

100/100 24.75 569.25 90.00 659.25

 

Cost Estimates for Substituting Larger Plots for

Replications, for Plots Located within a Twelve Acre Field

The costs associated with varying the size of plots and number of

replications were derived in a manner similar to costs estimated earlier

in the chapter. These estimates are contained in Table 27. Certain costs

remained constant as plot size and number of replications varied; these

included the costs of (l) locating the plot area, (2) land rental, (3)

seed, (4) fertilizer, (5) soil testing, (6) moving fertilizer to farms,

and (7) observing the plots. A brief description follows, explaing why

the other costs varied.

Soil sampligg.--Two days were assumed to be used to probe the twelve

hundred l/100 acre and six hundred 2/100 acre plots. One day was used

for the other plots. The charge for travel and subsistence equaled $30

per day.
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Table 27. Cost estimates for various sized plots located within a twelve

acre field.

 

 

 

 

 

: Plots,,in one location, of indicated size

Operation : 1/100 1/: 2/100 : 5/100 : 10/100

(l,200)- : (600) : (240) : (120)

-------------------------Dollars-----------------------

Locating plot area 60 6O 60 60

Land rental 130 130 130 130

Seed 78 78 78 78

Fertilizer 143 143 143 143

Soil sampling 60 60 30 30

Soil testing 180 180 180 180

Moving fertilizer

to farms 44 44 44 44

Planting and fertil-

izing the plots 210 99 54 38

Observing the plots 90 90 9O 90

Harvesting,‘weighing

and recording 750 298 191 139

Estimated total cost 1,745 1,182 1,000 932

1/
-The number in parentheses is the number of replications for each

plot size so that a 12 acre-field could be utilized.

Planting and fertilizing the plots.--

The 1/100 acre plots - Two men, thirty hours each to plant the

1,200 plots. With wages at $1.50 per

hour per man and travel and subsistence

equal to $60 per man, the total cost

equaled $210.

The 2/100 acre plots - Two men, thirteen hours each to plant

the 600 plots. With wages the same as

above and $30 travel and subsistence

per man, the total cost equaled $99.

The 5/100 acre plots - Two men, eight hours each to plant the

240 plots. With wages the same as

above and travel and subsistence equal

to $15 per man, the total cost equaled

$54.
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The 10/100 acre plots - Two men, six hours each to plant the 120

plots. With wages the same as above and

travel and subsistence equal to $10 per

man, the total cost equaled $38.

Harvesting, weighing and recording.--

The 1/100 acre plots - Thirty hours at $23 per hour plus $60

for travel and subsistence equals $750.

The 2/100 acre plots - Eleven hours at $23 per hour plus $45

for travel and subsistence equals $298.

The 5/100 acre plots - Seven hours at $23 per hour plus $30

travel and susbsistence equals $191.

The lO/lOO acre plots - Four and three-quarters hours at $23

per hour plus $30 travel and subsistence

equals $139.

Cost Estimates for the Controlled-Survey Experiment

Utilizing 72 One-Acre Size Plots Located on 18 Sites

The controlled-survey experiment was conducted in Michigan in 1961

and 1962. The costs of conducting experiments in these two years were used

as the basis for the costs that appear in Table 28.

‘Location of theyplot area.--It took the author approximately ten days

to complete this operation. Travel and subsistence were priced at $30 per

day.

Land renta1.--The 18 farmers were paid $50 each, with the total land

rental cost equal to $900.

Seed cost.--Approximate1y five acres, including the border area, were

seeded on each farm at a rate of two bushels per acre. The cost of the

certified seed was approximately $3 per bushel.

Fertilizer cost.--This was calculated based on a 30 percent excess.

The excess was used on the border area. An additional 12 check plots

were planted, increasing the amount of the K carrier needed over the one-

acre plots planted on one site. The prices of nutrients used were the

same as those given previously--$0.10, $0.09 and $0.06 per pound for N,

P and K, respectively.
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Soil sampling.--This procedure would take approximately five days,

if conducted so that 160 probes per acre were made. Thirty dollars were

assumed to cover daily travel and subsistence.

Soil testigg.--Seventy-two samples were tested at a cost of $3 per

sample. The total cost for soil testing was $216.

Moviggjthe fertilizer to the farms.--This operation utilized two

trucks for two days at a cost of $20 per day per truck. Four men, one

the author and three others hired at $12 per man per day, carried out

this operation. The total cost equaled $152.

Planting and fertilizing the plots.--Three crews conducted this

phase of the project. Each was responsible for six fanms. The machinery

used by each crew included a drill, a tractor, and a truck at a cost of

$25, $25 and $75 each. Each crew included two men at a cost for wages,

travel and subsistence of $40 per man per day. It took three days to

complete this operation. The total cost equaled $875.

Observing the plots.--The author used approximately six days to

observe the plots at a cost of $30 per day for travel and subsistence.

Harvesting, weighing and recording.--Three crews were utilized for

this particular operation. Each crew contained two men hired at a cost

of $40 each per day for wages, travel and subsistence. A total of two

days was needed to complete the harvest.1 A combine, its operator and

a truck were rented at a cost of $40 per farm. The total cost was $1,200.

Cost Estimates for the Survey

These estimates were based on actual experiences encountered at

Michigan State University in 1961 and 1962. The costs are presented not

 

1Three days were actually needed to complete this operation; however,

each acre plot was sub-sampled, thus requiring an extra day per crew for

harvesting the plots.
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so that they can be compared with the costs of the "typical" or controlled-

survey experiments. Rather, they are presented so that any interested

researcher can get an estimate of the cost of obtaining a measure of repre-

sentativeness. One hundred-sixteen observations were obtained in 1961 and

70 in 1962. The total costs for 1961 and 1962 were $320 and $120, respect-

ively. Table 29 contains an explanation of the cost estimates.

Table 29. Costs associated with the survey initiated in 1960.

 

 

 

Operation : 1961 : 1962

----------Dollars-----------

One man interviewing; 8 days at $30 per 1/

day for subsistence and travel 240 0-

The procedure to obtain information about

the fertilizer applied in the spring: 2/

One secretary, one day on campus 15 305/

Materials (stamps, envelopes, etc.) _ 25 50-

The procedure to obtain yields in the

early fall:

 

One secretary, one day on campus 15 15

Materials (stamps, envelopes, etc.) 25 25

$320 $120

1/
-'As the same sample was used, the 1961 interviewing did not have

to be repeated in 1962.

2/
-'An extra day was required for this operation in 1962.

A Summary of Cost Estimates

Cost estimates have been made for four different situations: (1)

for plots varying in size with 60 replications for each size and with’

these plots located within an experimental field; (2) for plots varying

in size and with varying numbers of replications located within a 12-

acre experimental site; (3) for acre size plots located on 18 randomly



84

chosen sites (the controlled-survey procedure); and (4) for farm fields

randomly selected from a universe of farms (the survey).

The estimated costs for plots varying in size and located within an

experimental site began at $510 for the l/lOO acre plots and increased to

$3,108 for the acre plots (see Table 28). The costs which were responsible

for most of this increase were land rental, seed, fertilizer and harvesting

costs.

The costs were estimated for plots varying in size and in number of

replications located within a 12-acre field. .Cost estimates were made for

four plot sizes, 1/100, 2/100, 5/100 and 10/100 acre. The costs for the

1,200 replications of the l/lOO acre plots equaled $1,745. The costs

decreased to $932 for 120 replications of the 10/100 acre plots (see Table

25). The decreasing planting and harvesting costs accounted for the

decrease in costs as plot size increased and number of replications decreased.

The controlled-survey procedure utilizing 72 one-acre plots located on

18 sites cost $5,333 (see Table 28). Land rental, planting and harvesting

costs made up more than half of the costs in conducting this experiment.

The survey of farmers cost $320 in 1961 and $120 in 1962. The costs

decreased, since the same sample of farmers was used in 1962 as in 1961.

The interviewing did not have to be repeated.

The Benefits of Varying Size, Shape,

Replication and Location of Experimental Plots

The benefits of varying size, shape and number of replications were

measured (1) by considering the closeness of the sample mean yield to the

yield from the whole plot area and (2) by considering the size of the

standard deviation for each sample. The benefits of the controlled-survey

procedure were determined by comparisons with (l) the 1962 "typical" experi-

mental results and (2) the survey results in 1961 and 1962..
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Benefits from Varying Size of

Plots Located within a Single Field

One plot was harvested in 17100 acre segments in 1961. This plot

yielded 54.69 bushels per acre. See page 18 for a more detailed descrip-

tion of this procedure. This plot received an application of 48.5 pounds

of N, 22.0 pounds of P, and 43.7 pounds of K per acre. This whole plot

contained seventy-eight l/lOO acre plots, each 8 feet by 54 1/2 feet in

size. These 1/100 acre plots were arranged 13 end to end and 6 side by

side. (Appendix II contains this data.) Tile lines were located across

the plot area and were 64 feet apart. Tile lines were located under two

of the rows of six l/lOO acre plots side by side.

Plots of different sizes and rectangular shapes were formed syntheti-

cally, using the data from the 1/100 acre plots.1 The shapes, which are

described in Table 30,‘were limited by the boundary of the whole plot

area. The sizes formed included the following: 1/100 acre, 2/100 acre,

5/100 acre, 10/100 acre, 20/100 acre and 50/100 acre. Random sampling,

with replacement, was performed with the various sizes and shapes of plots.

The sample size in each case equaled sixty. This is the same number of

observations as that of the "typical" experiment conducted in 1962.

The mean and standard deviation were calculated for each sample to

ascertain the benefits derivable from larger plots of varying shapes.

These are included in Table 30. The actual yield from the whole plot

equaled 54.69 bushels per acre.

The means of the samples approached the whole plot yield,and the

standard deviations of the sample diminished as the plot size increased.

 

1This procedure allowed the artificial creation of a population of

wheat yields for each of the plot sizes and shapes considered.

2The sampling procedure followed was a factor influencing the means

and standard deviations. These data are consistent with the results
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Table 30. Analysis of samples of various sizes and shapes of plots

located within an experimental field.

 

 

 

Plot : Mean : Standard

Shape size : ,yield deviation

Acre - ---------Bushels-----------

Single 1/100 52.50 5.45

End to end 2/100 54.80 5.40

Side x side 2/100 54.70 4.12

End to end 5/100 55.19 4.03

Side x side 5/100 54.51 3.59

End to and 10/100 54.76 2.83

2 down x 5 across 10/100 54.94 2.98

5 down x 2 across 10/100 54.31 3.53

2 down x 10 across 20/100 54.78 1.22

4 down x 5 across 20/100 54.85 3.15

5 down x 4 across 20/100 54.69 3.48

5 down x 10 across 50/100 54.77 .99

 

For plots equal in size but varying in shape, no general statements can be

made. For 2/100 and 5/100 acre plots, the sample means for the widest

plots more closely approximated the whole plot yield than the sample means

 

from the following:

C. M. Loesell, "Size of Plot and Number of Replications Necessary for

Varietal Trials with White Pea Beans,"‘gournal of the American Society

of Agronggy, Vol. 28, No. 7, June, 1936, pp. 534-547.

H. F. Robinson, J. A. Rigney, and P. H. Harvey, "Investigations in Plot

Technique with Peanuts,"‘_gricultura1 Experiment Station, North Carolina

State College, Technical Bulletin 86, January, 1948.

Jonathan.W. Wright and F. Dean Freeland, "Plot Size and Experimental

Efficiency in Forest Genetic Research,"‘ég£icultural Experiment Station,

'Michigan State University, Technical Bulletin 280, July, 1960. 

K. J. Frey and W. D. Baten, "Optflmum.Plot Size for Oat Yield Tests,"

Agronomy Journal, Vol. 45, No. 10, October 1953, pp. 502-504.

E. E. Down and J. W. Thayer, Jr., "Plot Technic Studies with Navy Beans,"

‘Jpprnal of the American Society of Agronggy, Vol. 34, No. 10, October,

1942, pp. 919-922.
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for the longer plots. The standard deviations were lower for the wider

plots than for the longer ones. For the 10/100 and 20/100 acre plots, the

sample means differed little as shape varied; however, the standard devia-

tions increased as the plots became wider. Diagram 3 illustrates that for

the longest plot for each size, the standard deviations decreased at a

diminishing rate as plot size increased.

The Benefits of Substituting Larger Plots for Replications,

for Plots Located within a Twelve-Acre Field

The plots considered were 1/100, 2/100, 5/100 and 10/100 of an acre

in size. The longest shapes of these sizes were formed, using the acre

plot that was harvested in 1/100 acre segments. Samples of each of the

different plot sizes were chosen with replacement from this acre plot.

See footnote on page 85. The number in each sample was equal to the number

of replications that were necessary to utilize a 12-acre experimental area.

The 1/100 acre plot was replicated 1,200 times, the 2/100 acre plot 600

times, the 5/100 acre plot 240 times, and the lO/lOO acre plot 120 times.

The means and standard deviations of the samples were calculated and

included in Table 31. As would be expected, the means of the samples of

the various sized plots were quite uniform. The l/lOO acre plot sample

mean was the closest to the whole plot yield of 54.69 bushels per acre.

The sample mean yields of the 5/100 and the lO/lOO acre plots were closer

‘to the whole plot yield than was the 2/100 acre plot sample mean. How-

ever, the standard deviations decreased as plot size increased and as

number of replications decreased except for the 120 replications of the

10/100 acre plots. The standard deviation, in this case, was the largest,

9.24 bushels, of any of the other standard deviations (see Table 31).
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Table 31, Analysis of samples of various sized plots and varying numbers

of replications.

 

 

plot size 3 Replications Standard deviation of : ‘Mean of

 

the sample : the sample

Acres Number ----------------Bushels----------------

1/100 1,200 6.62 54.68

2/100 600 6.41 55.07

5/100 240 4.89 54.84

10/100 120 9.24 54.98

 

Benefits of Using the Controlled-Survey Procedure

of Locating Acre Plots on Eighteen Sites

A survey was conducted to obtain data to use as a measure of repre-

sentativeness. The 1961 controlled-survey data were compared with the

data obtained from the 1962 "typical" experiment and the survey conducted

in 1962. The whole plot s: values1 from Tables 9 and 19 for the 1961 and

1962 controlled-survey experiments equaled 11.46 and 71.14 bushels, respect-

ively. The s: value from Table 20 based on the results of the 1962 "typical"

experiment equaled 205.18 bushels. The controlled-survey experimental

results were considerably closer to the survey results of the particular

years than were the results of the 1962 "typical" experiment.

In 1962, the standard error of estimates for the equation fitted to

the whole plot controlled-survey data equaled 5.75 bushels. The standard

error of estimates of the equation fitted to the ”typical" experimental

data equaled 7.23 bushels. It should be remembered, however, that the

data both from the "typical" experiment and the controlled-survey were

adversely affected by an incidence of winterkill in 1962.

The superiority of the controlled-survey procedure was due to the

fact that data from acre sized plots were used in the analysis. This is

 

1See footnote 1 of Table 8 for the definition of this value.
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demonstrated by the higher standard errors of estimates found in the computa-

tions utilizing the subplot yield data. (see Tables 4 and 13).

Some Cost andiBenefit Comparisons

Costs and benefits have been developed:

1. for plots varying in size and located within a single field

2. for substituting larger plots for replications for plots

located within a 12-acre field

3. for acre plots located at 18 different sites using the

controlled-survey procedure as compared to the "typical"

experimental procedure. I

Some Comparisons of Costs and Benefits of

Different Plot Sizes Located within a Single Field

When considering the longest possible plot for each of the plot sizes

in Table 32, the means of samples approach the whole plot yield and the

standard deviations diminish as plot size increases. Table 32 matches

the decreases in standard deviations with increases in costs as size of

plot increases. The size of plot for the researchers to choose depends

upon the value attached to reduction in within-treatment variation and to

These values willthe costs associated with attaining these reductions.

depend on the particular problem situation being investigated.

Table 32. Comparisons of means, standard deviations and costs for dif-

ferent plot sizes.

  

 

 

  

—Chngeslin\_ ' '3 ‘ ‘ : _—

 

 

 

 

plot size standard deviations . Changes in
costs.—

From : To : From : To Difference :

- -----Acres-¥---- - ------------Bushels--------------- Dollars

l/lOO 2/100 5.45 5.40 -.05 23

2/100 5/100 5.40 4.03 -1.37 116

5/100 10/100 4.03 2.83 -l.20 156

10/100 20/100 2.83 1.22 -l.6l 252

20/100 50/100 1.22 .99 -.23 . 803

1/
'- Estimated cost for 1/100 acre plot size experiment equaled $510.
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Without a value to attach to the standard deviations, no optimal solu-

tion can be determined. The value of increased accuracy (reduction in

within-treatment variance) is not constant and, in fact, generally decreases

after within-treatment differences reach moderately acceptable levels. Nor

is the value uniform.among experiments as the purpose of experiments may

vary. When a researcher decides,to use a certain plot size, he is implic-

itly assigning a value to this accuracy'which he, in turn, judges is matched

with costs so that the plot size he has specified is optimal. Table 32

should help researchers judge optimal plot sizes.

Some Comparisons of Costs and Benefits of

Substituting Larger Plots for Replications

Table 33 contains the standard deviations and costs for the different

sizes of plots with varying numbers of replications. It also contains the

difference between the actual plot yield and the sample mean yields for the

different plot sizes and for different numbers of replications of plots

located within a synthetically formed 12-acre field. The standard devia-

tions of the samples tended to increase as plot size increased and number

of replications decreased. The differences between the actual yield and

sample yields were not related to changes in plot size and number of

replications. The costs decreased from $1,745 for the twelve hundred

1/100 acre plots to $932 for the one hundred-twenty 10/100 acre plots.

An analysis of the information in Table 33 suggests that no benefits were

lost when plot sizes were increased up to the 5/100 acre size with fewer

replications; however, the costs decreased $745.

The Comparisons of Costs and Benefits for the Controlled-Survey

Utilizing 72 Acre Plots Located on Eighteen Sites and for the

"Typical" Experiment

The results of the survey conducted in 1961 permitted an evaluation



92

of the representativeness of the 1961 controlled-survey. The 1962 survey

data were used to evaluate the representativeness of the 1962 controlled-

survey data and the 1962 "typical" experimental data. In 1962, comparisons

of the controlled-survey and the "typical" experiment revealed a lower

standard error of estimate for the whole plot data from the controlled-

survey than for the data from the "typical" experiment. The cost of con-

ducting the controlled-survey was $5,333, as compared to $510 for the

"typical" experiment (see Table 28).

The analysis of the benefits of using various sizes of plots contained

in this chapter indicates generally that larger plots produced data with

the most benefits. This, along with the ability of the controlled-survey

procedure to produce data representative of a broad, meaningful universe

of farms, would indicate that some experimental procedure utilizing large

plots located on randomly chosen sites would produce data characterized by

relatively low levels of unexplained variance and which would be representa-

tive of a broad, useful universe of farms.

Table 33. Costs and benefits for samples of various sized plots and

different numbers of replications.

Standard“:

   

Actual plot

deviations : yield minus

 

Plot size : Replications of the : sample mean : Cost

: : samples : yield :

Acres Number Bushels Bushels Dollars

1/100 1,200 6.62 .01 1,745

2/100 600 6.41 -.38 1,182

5/100 240 4.89 -.15 1,000

10/100 120 9.24 .29 932

 



CHAPTER VI

SUMMARY, CONCLUSIONS AND IMPLICATIONS

The main objectives of conducting agronomic-economic experiments are

(l) to obtain data which lend themselves to statistical and economic

analysis, i.e., which contain relatively low levels of unexplained variance

when used to estimate fertilizer production functions and (2) to produce

results which can be applied to a practical group of farms, i.e., which are

representative of a broad, useful universe. In designing the experiments

conducted in Michigan before 1961, attention.was concentrated on the first

objective under the assumption that the second would be attained rather

automatically. In fact, modifications such as those discussed in Chapter

II were made from time to time so that this objective could be better

attained. These modifications included the reduction in plot size and the

reduction in the number of treatments in the experimental design so that

smaller experimental sites could be used. Some researchers at Michigan

State Universitythought that more uniform soils would exist on these

small experimental sites and thus, experimental error would be lowered.

Experimental error or unexplained variance, however, was not lowered.

Small experimental sites of uniform soils were not easily found.

When found, they were not representative of the soil contained in any

large group of farm fields. Thus, the results of the experiments conducted

on these sites were not applicable to a practical group of farms. In

addition, the smaller experimental sites increased the possibility of

introducing other sources of experimental error.

The controlled-survey procedure was develOped in 1961 to attain

better both of the above stated objectives. The effect of N and P on

93
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wheat yields was studied. This procedure included the use of acre size

plots. These plots were located on randomly selected farm fields. Each

field had to meet certain soil specification and rotational, drainage and

management conditions specified in Chapter III. The larger plots of the

controlled-survey procedure were selected to average out the experimental

error due to nonuniform soil. The procedure of locating the plots on

randomly selected farm fields was followed so that the results would be

applicable to the universe from which the fields were selected.

A "typical" experiment was conducted in 1962 in order to compare its

level of unexplained variance with that of the 1962 controlled-survey.

This "typical" experiment was located within a field that met the same

requirements as those imposed upon the fields included in the controlled-

survey. The levels and signs of the coefficients in the equations that

were fitted to the sets of data were also compared.

Surveys were conducted in both 1961 and 1962 to determine the represent-

ativeness of data obtained from the controlled-survey and "typical" experi-

ments. Each farm included in the survey was intended to have the same

general characteristics as the farms included in the controlled-survey.

The characteristics of the survey farms, as discussed in Chapter III, were

not so carefully checked as were those of the controlled-survey farms.

Summary and Conclusions for the 1961

and 1962 Experiments and Surveys

In an attempt to attain the two objectives stated earlier, the agronomic-

economic experimentation conducted in Michigan in 1961 and 1962 was designed

(l) to evaluate the controlled-survey procedure as a method of obtaining more

representative and less heterogeneous data, (2) to study the effect of plot

size by comparing data from the whole plot with that from subplots con-

tained within each whole plot, (3) to obtain data using a survey of farmers

1
‘

o
u
r
.



95

that could be used to measure the representativeness of experimental data,

(4) to compare the results from a "typical" experiment conducted in 1962

with both the controlled-survey and survey results, (5) to conduct an

economic analysis using all the data, and (6) to make fertilizer recommenda-

tions to farmers, utilizing data from all the experiments and surveys con-

ducted in 1961 and 1962.

Summary and Conclusions for the Controlled-Survey Experiments

Controlled-survey experiments were conducted in Michigan in 1961 and

1962. A check plot was located within each field. Following this Procedure

allowed adjustments to be made for the rather large between-farm differences

that existed. The data, when adjusted for between-farm differences, yielded

smaller unexplained variances for estimated functions than characterized

results from.the "typical" experiments conducted between 1954 and 1961.

Further, the controlled-survey data are thought to be representative of a

broader universe of farms than those early experiments.

Comparisons of the Whole Plot and Subplot Data

from.the Controlled-Survey Experiments

Each whole plot in the controlled-survey was sub-sampled so that

comparisons could be made among various sized plots for the controlled-

survey procedure. Within the controlled-survey experiments for both 1961

and 1962, the R2 values increased and the S values decreased for_the equa-

tions fitted to data from the larger plot areas. Further, the signs of

the coefficients in the estimated functions were, in general, more consis-

tent with the law of diminishing returns for the larger harvested areas.

Few individual coefficients in the equations fitted to the controlled-survey

data differed significantly from zero at the ten percent level. More

important than the effect of a single coefficient are the total effects of N

or P on yield. The total effect of N on yield equal zero was considered

by testing the null hypothesis 81 I 82 I 85 I 0 for the equation Y I a1+
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blN-+ szz + b3P + b4P2 + bSNP + b6K. For the whole plot data, this null

hypothesis was rejected at a level of significance which lay between the

five percent and one percent levels. This same hypothesis was generally

rejected at a level of significance between the 25 percent and five percent

levels for the analysis of the data from the subplots. The total effect of

P on yield equal zero was evaluated by testing the null hypothesis 83 I 84 I

85 I 0. In general, this hypothesis was rejected at a level of significance

which lay between the 25 percent and ten percent levels.

The above comparisons indicate that the estimates based on the whole

plot data, as compared with those based on the subplot data (1) were more

consistent with the law of diminishing returns, (2) were statistically more

reliable, and (3) explained more variation in the yield data. The data

from the whole plot proved superior to that from the subplots.

Summary and Conclusions of the"Typical" Experiment

The analysis based on the 1962 "typical" experiment produced a low

R2 value, a high S value, and coefficients with signs that were inconsis-

tent with the law of diminishing returns. The data obtained from the

"typical" experiment did not provide any information that could be used

by farmers.

Summary and Conclusions of the Comparisons of the Survey,

Controlled-Survey, and the "Typical" Experiment Results

In 1961, data from the controlled-survey experiment were compared with

the results of the survey of farms. Each equation derived from data from

the whole plot and the subplots in the controlled-survey experiment was used

in Chapter IV to estimate yields for the average levels of fertilizer

nutrients applied by various groups of the survey fanms. This procedure

4 gave an estimate of the representativeness of the controlled-survey data.
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The predicted yields were similar to the yields obtained by the farmers

surveyed. The estimated variation of survey from predicted yields was

lowest for the analysis that used the 1/50 acre subplot. The highest esti-

mated variation calculated was for the analysis using the 1/5 acre subplot.

Similar results were obtained from.the 1962 data.

The smallest controlled-survey subplots proved to be the best predictors

of yields for the extreme average applications of fertilizer from the sur-

vey because (1) the input data from the smaller subplots contained more

random error than did those from.the larger plot area, and this reduced

the regression coefficients for the production functions estimated from

data for the smaller plot segments, and (2) the farmers surveyed probably

applied rates of fertilizer inversely to the levels of nutrients in the

soil, i.e., the less nutrients in the soil, the higher the rate of fertili-

zer applied and vice versa. This would account for the small differences

in yields associated with differences in fertilizer applied by the farmers

surveyed and for the agreement with the less responsive functions based on

the small subplot data.

For the controlled-survey, the whole plot data were superior to the

subplot data in both 1961 and 1962. This indicates that a controlled-survey

procedure of locating large plots on randomly selected farms would produce

better data than other procedures. Whole farm fields with a one-acre check

plot located within it might provide data that would be superior to the

acre size plots utilized in the 1961 and 1962 controlled-survey experiments.

The controlled-survey experiment in 1962 proved to be superior to the

"typical" experiment conducted that year. Both experiments were adversely

affected by an incidence of winterkill as discussed in Chapter III. Despite

the winterkill, the controlled-survey provided some useful information; how-

ever, the information obtained for the "typical" experiment was useless.
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Summary and Conclusions for the Economic

Analysis of the Controlled-Survey and Survey Data

The controlled-survey and survey data obtained in 1961 and 1962 pro-

vided information about the optimal amounts of N and P to apply in these

years. In 1961, the optimal amounts equaled 92 pounds of N and 87 pounds

of P. These were derived from the equation fitted to the whole check plot

yield difference data for the controlled-survey, assuming the price of wheat

equal to $2.20 per bushel and the price of N and P equal to $.08 each per

pound. The optimal amounts of N and P for the other set of prices considered

in Chapter IV were about 20 pounds less for each of N and P. For the optimal

amounts of N and P, the marginal physical product of neither differed signif-

icantly from zero at the ten percent level of significance. Ninety percent

confidence limits were calculated for the high profit levels of N and P.

The lower limit crossed the price ratio line at 50 pounds of N; the upper

limit did not cross the price ratio line (see Diagram 1). Neither confidence

limit for the high profit level of P crossed the price ratio line at positive

levels of P (see Diagram 2). The returns above fertilizer cost based on an

equation fitted to the same controlled-survey data are contained in Chapter

IV. The returns are calculated for the amounts of N and P that fell within

the limits of the actual applications between 0 and 60 pounds of N and

between 0 and 80 pounds of P. The combination of N and P that produced the

highest return was 60 pounds of N and 70 pounds of P.

The 1961 survey data were grouped according to the amounts of N and

P the farmers applied. The farmers that applied, on the average, 49 pounds

of N and 88 pounds of P per acre received the highest returns above fer-

tilizer costs. The general recommendation based on all of the 1961 data

would call for an application of between 50 and 70 pounds of N per acre

and between 50 and 90 pounds of P per acre.
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In 1962, the optimal amounts of N and P were derived from.the equation

fitted to the 1/50 acre subplot data as this equation was the only one that

agreed with the law of diminishing returns. These Optimal amounts equaled

29 pounds of N and 37 pounds of P per acre, assuming the same prices as

above. For these amounts, the MPP of N and P did not differ significantly

from zero at the ten percent level. The 90 percent confidence limits at the

optimal amounts of N and P did not cross the price ratio line at positive

levels of P. The 1962 survey data were grouped according to the amounts of

N and P the farmers applied. The group that obtained the highest return

above fertilizer costs applied 32 pounds of N per acre and 87 pounds of P

per acre. The general recommendation based on the 1962 data would call for

an application of about 30 pounds of N and at least 40 pounds of P per acre.

A General Fertilizer Recommendation for Wheat

Using the Survey and Controlled-Survey Data

The general fertilizer recommendation for wheat grown on a clay-loam

soil under the management conditions specified in Chapter 111 would call

for an application of between 40 and 60 pounds of N and between 60 and 80

pounds of P per acre. This is based partly on this research, and in the

'case of P, partly on other research and experiences. A‘minimal application

of both N and P would return about as much per acre as higher applications;

however, the higher applications would not diminish net returns and would

give the farmer a chance to "cash in” in a particularly good year. The

hmportance of this depends on the value of the "cash in." A high price

of wheat would make the value of the "cash in" high and worth obtaining.

A low wheat price would make the value of the "cash in" less worthwhile.

Further, the carry-over of N and P for use by the next crop would have to

' be considered as a benefit for applying higher amounts of nutrients. On
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the other hand, farmers who have limited capital should consider the oppor-

tunity costs of investing their capital for fertilizer.

ngmary and Conclusions for the Analysis of Costs

and Benefits Associated with Varying the Size, Shape,

Number of Replications, and Location of Plots

Exposte analysis of the experiment and survey data permitted some con-

clusions to be reached about the costs and benefits of varying size, shape,

number of replications, and location of experimental plots. Data from the

1961 and 1962 surveys and controlled-surveys and the 1962 "typical" experi-

ment, as well as data from an acre size plot that was harvested in 1/100

acre segments, were used as the basis for these conclusions.

One plot within the 1961 controlled-survey experiment was harvested in

l/lOO acre segments. Using this data, plots of various sizes and rectangu-

lar shapes were synthetically formed. Means and standard deviations‘were

calculated for samples of the various sizes and shapes of rectangular plots

to determine the benefits associated with various plot sizes, shapes and

replications.

Plot Size and Shape Comparisons

Some information about the appropriate size of plot resulted (see

Chapter V). However, little information about the appropriate shape of

an experiment plot was obtained. The costs and benefits were estimated

for different plot sizes in experiments theoretically located within a

single field. These estimates indicated that increased benefits are

associated with increased plot sizes when number of replications is held

constant. Costs also increased as plot size increased. Some balance

between the costs and the value of the benefits can be reached by a

researcher using the information in Chapter V. The decision he reaches

will depend on his research outlook, the amount of funds he has, and the
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problem with which he is concerned. However, the data presented demonstrate

clearly the advantages of using larger plots,for certain purposes at least.

Substitution of Larger Plots for Replication

Estimates were made for the costs and benefits of substituting larger

plots for replications on an experimental site that was assumed to remain

the same size. The benefits increased as plot size increased and number of

replications decreased up to the largest plot with the fewest replications.

The costs decreased as the plot size increased and the number of replications

decreased. No benefits were lost, and costs decreased from $1,745 to $1,000

when two hundred-forty 5/100 acre plots were used instead of the one thousand

two hundred 1/100 acre plots. Thus, a researcher would use the two hundred»

forty 5/100 acre plots instead of the one thousand two hundred 1/100 acre

plots.

Cost and Benefit Comparisons of the Controlled-

Survey with the "Typical" Experiment

The cost of the controlled-survey procedure in 1961 of locating 72

one-acre plots on 18 randomly selected sites was estimated to equal $5,333.

The "typical" experiment that contained sixty 1/100 acre plots located

within one field cost $510. The benefits of the controlled-survey were

determined, using the results of the surveys conducted in 1961 and 1962

and the results of the "typical" experiment conducted in 1962. The control-

led-survey procedure produced data representative of a broad universe of

farms as indicated by the data obtained in the surveys. The results of

the controlled-survey proved to be much more applicable to a practical uni-

verse of farms than the results of the "typical" experiment. Furthermore,

the estimates based on the controlled-survey data were subject to less

variance than those based on the "typical" experiment.
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Some General Conclusions and Implications

The controlled-survey technique provides a possible means by which both

research and extension personnel may jointly approach a problem. The needs

of the "extender" can be partially met if he and the researcher mutually

design the project. The random group of farmers cooperating in the project

would generally provide new contacts for the "extender." Both the researcher

and the "extender" would become more aware of the problems each face in

their work. Research information can be attained, while the applicability 7"

of the results will benefit the "extender." It is the author's opinion

that one of the prumary results of the two years of experimentation has been
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to demonstrate the joint extension-research potentialities of the controlled-

survey experiment.

In fact, such a project was initiated in Michigan in the fall of 1962.

TVA, county agents in Michigan, and researchers at Michigan State University

mutually designed the experiment. Certain plots on each of the 24 farms are

utilized by TVA to test and demonstrate the potentials of new TVA fertilizers.

Others are used by county agents to test and demonstrate the effects on

wheat yields of zinc applications and top-dressing with N and a complete

fertilizer. The remaining plots are used by researchers to obtain yield

data for various levels and combinations of N and P applications.

While this thesis has been organized about the fertilization of wheat,

the author feels that the controlled-survey technique has wider applic-

ability. The possibilities of applying this general technique within the

other agricultural sciences appear to be great. Animal herds, for example,

could be randomly chosen from a broadly specified group of farms to test

the effect various feeding programs might have on milk or meat production.

More research needs to be undertaken to determine the extent of the applic-

ability of the controlled-survey as a research-extension technique in other

agricultural fields.
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When research and extension funds are limited, the application of the

controlled-survey technique could prove to be the optimum‘way to allocate

these funds. The author believes that the controlled-survey technique should

be considered as an approach when an underdeveloped country is attempting to

obtain a maximum.amount of both research and extension information from a

given outlay of funds.

Historically, a problemlwhich has faced farm planners and budgeters,

and more recently linear programmers, has been that of obtaining reliable

input-output coefficients. The author believes that input-output informa-

tion obtained via the controlled-survey approach will be more reliable and

more generally applicable than that obtained in the past.

Finally, the author believes that the most important contribution of

this thesis is the explicit specification of the general population from

which the sample farms were chosen. This should encourage future researchers

to explicitly define the population about which they hope to make inferences.

“W‘s.
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APPENDIX I - continued

 

 

Yields, different sized plots
 

 

 

Treatment : Soil tests 3 (gzgjsx 3 1,5 3 1/1003 1,100

N : P : K : Pr : 5; : 1 acre) : acre : acre : acre

---- -------------Pounds----------------- --------------Bushels------------

67.0 45.0 44.8 62.7 62.1 63.4 63.4

16.7 67.5 45.9 61.2 64.9 68.3 71.6

0 53.5 53.3 59.5 59.6 63.4 60.2

0 38.5 38.5 61.1 60.5 67.1 60.6

38.0 40.8 40.8 58 192 63.9 65.4 72.1 78.6

0 0 33.6 56.2 54.6 63.9 63.9

30.6 84.0 42.7 61.9 65.4 63.9 80.3

49.9 22.1 44.1 64.5 59.3 67.7 72.5

0 0 31.3 34 179 49.0 48.0 53.2 56.4

16.6 22.4 44.8 55.8 52.0 53.2 59.6

49.9 67 3 45.2 61.8 69.8 69.3 72.5

31 8 O 44.8 46.8 46.2 50.2 40.8

64 6 44.6 46.0 33 152 59.3 65.2 65.9 50.2

o O 40.6 42.6 47.0 44.0 39.2

15.9 21.9 44.8 48.7 57.8 45.5 45.5

29.7 0 37.4 61.8 58.1 60.8 51.4

0 0 61.9 28 122 55.8 56.0 60.0 57.5

49.1 21.5 43.7 71.4 69.6 70.6 65.3

60.8 41 1 40.8 72.9 82.5 78.7 80.4

55.8 74.7 49 3 60.2 59.0 56.8 48.8

39 3 52.7 52.2 23 45 56.4 55.0 48.8 37.9

0 0 62.2 43.7 43.2 38.8 28.2

21.0 28.4 55.3 54.8 53.0 45.9 48.3

0 44.6 43.7 54.7 51.9 49.1 51.9

0 0 78.9 43 148 45.2 45.0 41.6 43.8

17.5 70.0 46.3 56.0 53.1 59.9 57.2

34.5 92.2 45.4 51.6 65.0 67.2 54.7

33.3 0 43.8 47.1 49.1 50.2 43.3

17.8 23.8 47.1 54 96 49.4 47.3 41.3 41.7

0 0 55.4 42.5 44.9 48.5 21.8

0 44.3 43.9 41.0 40.7 44.1 36.8

48.5 22.0 43.7 58.9 - - -

0 0 74.2 41 122 48.3 40.2 44.8 45.6

31.5 43.0 41.6 56.5 51.0 50.6 49.4

16.4 65.5 44.0 53.9 50.9 50.6 45.2
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APPENDIX I - concluded

 

 

: ’ ;¥_Yields, different sized plots

Treatment : Soil tests : Whole : 1/5 : 1,100: 1/100

: (approx. : °

N : ' P : K : Pr : Kr : 1 acre) : acre ; acre : acre

-----------------Pounds------------------ --------------Bushels------------

63.4 42.3 41.8 61.4 59.9 56.0 49.4

31.7 38.0 41.6 50 64 57.4 59.5 52.7 47.3

0 0 67.1 47.4 49.6 45.3 40.8

432.4 86.2 42.4 60.7 53.4 53.9 56.
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APPENDIX II

Data from plot harvested in

 

 

 

 

1/100 acre segments, Michigan, 1961.1

Yield2

----------------------------Bushels per acre--------------------—--------

46.2 52.5 57.5 60.0 56.2 60.0

46.7 54.6 55.4 60.4 56.7 63.3

49.6 58.3 57.5 60.8 61.7 64.6

52.5 59.2 58.3 60.0 57.9 55.4

55.4 60.0 62.1 55.8 55.4 65.8

54.6 55.8 56.2 58.3 53.7 66.7

52.5 52.1 60.0 58.3 60.4 64.6

50.0 54.6 52.9 53.3 52.9 65.4

52.9 55.0 51.7 52.5 44.6 57.1

51.2 51.7 48.3 48.3 41.7 48.3

51.7 52.1 50.0 53.3 45.0 47.9

52.5 53.3 53.7 53.7 47.9 46.7

50.0 52.1 55.4 56.2 45.0 54.2

 

1Total yield from the area equals 54.69 bushels per acre.

2
Plots were 8 feet wide and 54 1/2 feet long.
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APPENDIX III

Survey of farmers, Michigan, 1961

   

 

 

Treatment .

N : P : x : Yield

-----------------Pounds------------------- Bushels

39.0. 39.0 39.0 60.0

39.0 39.0 39.0 57.3

45.0 72.0 54.0 60.0

82.0 30.0 30.0 75.0

34.0 64.0 44.0 60.0

34.0 64.0 44.0 60.0

53.5 70.0 70.0 70.3

17.5 70.0 70.0 52.5 '

39.0 39.0 39.0 60.8

42.0 96.0 60.0 55.0

10.0 40.0 20.0 57.7

10.0 40.0 20.0 58.3

48.0 48.0 48.0 50.0

48.0 48.0 48.0 45.0

‘ 48.0 48.0 48.0 50.0 '

30.0 30.0 30.0 . 69.2

36.0 36.0 36.0 68.0

43.5 84.0 57.0 58.0

43.5 84.0 57.0 57.0

39.0 84.0 54.0 73.3

37.8 79.2 51.6 70.4

48.5 40.5 40.5 37.0

36.5 74.0 74.0 61.3

32.0 56.0 56.0 50.0

32.0 56.0 56.0 81.3

54.0 72.0 36.0 71.0

54.0 72.0 36.0 68.0

54.0 72.0 36.0 70.0

36.0 36.0 36.0 50.0

36.0 36.0 36.0 56.7

40.0 40.0 40.0 55.5

46.5 72.8 60.0 64.2

39.0 34.0 84.0 62.1

52.0 80.0 80.0 66.9

52.0 80.0 80.0 62.4

72.9 72.9 72.9 67.0

60.0 60.0 60.0 45.0 '

18.6 38.4 25.2 71.0

20.4 45.6 28.8 67.0

45.0 108.0 66.0 65.0

42.0 96.0 60.0 70.0
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APPENDIX III - continued

W

 

 

Treatment : Yield

N : P : K - '

.................pounds------------------ Bushels

42.0 96.0 60.0 60.0

10.0 40.0 20.0 63.0

34.0 64.0 44.0 55.0

49.8 49.8 49.8 65.0

49.8 49.8 49.8 59.0

34.0 64.0 64.0 52.7

69.6 36.0 36.0 62.5

34.0 64.0 64.0 62.5

33.0 78.0 78.0 52.7

42.8 99.0 99.0 63.0

74.0 108.0 72.0 88.0

20.0 80.0 80.0 62.0

17.5 70.0 70.0 72.0

20.0 80.0 80.0 37.3

34.0 64.0 64.0 65.0

24.0 96.0 48.0 64.0

24.0 96.0 48.0 67.9

20.0 80.0 80.0 65.0

20.0 80.0 80.0 63.0

19.3. 77.0 77.0 68.7

38.0 98.0 98.0 68.2

39.0 93.0 57.0 62.1

48.0 48.0 48.0 64.0

30.5 68.0 68.0 75.0

30.5 68.0 68.0 70.0

36.5 74.0 74.0 66.0

36.5 74.0 74.0 63.0

35.5 88.0 88.0 62.3

52.0 96.0 256.0 50.0

25.0 100.0 100.0 48.5

52.0 96.0 136.0 70.0

52.0 96.0 136.0 70.0

32.0 56.0 56.0 62.0

35.0 40.0 40.0 61.0

31.5 54.0 54.0 91.8

84.5 70.0 70.0 67.0

34.0 82.0 82.0 64.0

34.0 82.0 82.0 60.0

12.0 48.0 48.0 71.9

42.2 108.8 64.4 56.8

45.0 60.0 60.0 64.2

10.0 40.0 40.0 58.0

36.0 106.0 36.0 54.0

36.0 72.0 72.0 55.0

38.0 32.0 32.0 60.0

32.0 56.0 56.0 50.0

63.0 63.0 63.0 53.0
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APPENDIX III I concluded   

Yield

 Treatment

P 

Bushels-----------------Pounds-------------------
0
3
4
9
0
0
0
0
0
0
6
0
3
2
0
0
0
0
9
0
0
3
0
0
0
0
0
0

0
M
3
0
.
3
0
.
8
3
£
m
1
0
0
0
.
0
.
0
.
6
0
.
0
.
1
3
3
6
7
9
2

6
4
6

3
4
4
3
3
6
3
4
7
6
6
6
6
7
6
7
8
6
3
6
6
6
6

4
0
0
0
0
0
3
0
0
0
0
0
0
4
0
0
0
0
0
0
6
0
0
0

4
0
.

3
3
7

6
7
7

3
7
5
4
3
6
6
7

6
9
4
3
3
6
3
3
3
3

0
1
4
n
w
4
.
n
U
.
0
.
0
.
0
.
0
.
5
0
.
0
0
.
0
.
0
.
0
4
h
0
0
0
0
0
0
6
0
0
0

5
8
7
0
.

3
0
.
0
.

6
.
9
.
o
m
0
n
w
5
5
6
4
.
8
0
2
0
0
0
3
0
0
0

9
3
3
7

6
7
7

5
1
5
6
6
0
0
7
7
M
9
4
9
9
9
9
3
3
3

8
0
6
5
6
0
0
0
0
0
3
0
0
0
0
0
0
8
0
0
0
0
0
0
6
0
0
0

6
.
.
.
.

O
.
.
.

8
6
4
1
7
7
3
5
w
4
9
8
0
1
1
1
7
3
3
3
2
6
6
3
9
3
3
3

2
7
7
4
4
2
2
2

1
1
2
3
3
3
3
4
4
4
4
4
3
3
4
3
6
6
7 



1/100

' acre

1/100 '

: acre

1/10 3

acre

Whole

1 acre) :

Yields. different sized glota

: (approx. :
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APPENDIX IV

$.11 teats

Controlled-survey data, Michigan, 1962.

Pr

Treatment

   

------------------Pounds----------------- --------------Buahela------------

 

.
I
.
4
.
1
.
1
.
4
.
1
.
1

1
.

c
a
n
V
Q
J
n
v
c
a

.
m
e
.
4
.
b
.
5
.
5
.
5

7
8
4
1
7
4
5

0
O

O
O

O
O

0

1
.
1
.
1
.
R
.
1
.
1
.

3
6
.
3
3
.
3
3

1
n
.
6
.
4
.
.
°
n
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°
w
°
n

1
.
1
.
n
v
o
u

4
4

5
5
4
4

2
2
8
6
4
8
8

M
M

w
w
n
n
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0
6
.
3
0
3
4
3

3
L
.
&
m
l
9

3
4

4
4
4
3

3
.
3
.
3
3

3

O
C

6
O

6

0
1
6
1
0
0
9

2
4
2
6

3

7
0

4
4

9

4
6
0

5
0
%

9
.
1
.

.
4

1
8
4
1
4
1
1

w
w
w
w
w
u

4
8
1
.
4
1
1
4

.
L
i
l
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m
.

$
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4
4
4
4
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m
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6
.
3
1
1
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3
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4
3
4
4
4
4
4
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.
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.
3
4
.
4
.
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9
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w
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8

7
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.
0

O
.
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0
1

.
1
1
.
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3

3

c
l
u
l
1
u
8
n
d
8
1
u

0
.
5
0
.

1
.
0
.

5
5
4

“
”
4
3

8
8
4
.
.
I
.
.
.
.
3
l
h
h

6
.
6
3

5
5
4

3
8
9
3
3
9
4
.
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4
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6
.
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.
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I
.
.
3

”
“
4
3
4
4
4
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3
3
8
.
3
3
0
.

”
w
.
4

s
u
w
u
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58.364.270.6
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4
2
6
.
3
2
5
7
.

’
6
.
9
m
1
9
9
.
3

4
4
4
4
3
4

n
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q
w
o
m
o
n
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.
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v
o
,

8
8
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.
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6
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O

O
O

O
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n
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.
o
.

,
6
.
£
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O
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I
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.
3
.
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.
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1
.
2
1
0
.
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.
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.
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4
4
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.
4
.
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.
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.
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.
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.
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2
1
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.
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5
3
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0
.
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1
.
.
.
.
.
l
.
1

“
2

9
9
.
0
“
Q
H

6
4
4
4
4
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APPENDIX IV - concluded

 

 

Yields, different sized plots
 

 

 

Treatment . Soil tests . Whole 3 1/10 3 1/100 3 1/100

N : P : K ; Pr : Kr . (ipiiiij ; acre ; acre ; ‘cre

------------------Pounds----------------- -------------Bushels------------

83.5 55.6 55.6 57.1 - 68.3 -

60.2 26.8 53.5 55.9 44.7 57.5 52.5

0 0 59.3 42.6 - 58.3 37.0

25.1 33.4 66.9 22 160 47.1 - 60.8 39.7

52.1 139.1 69.5 52.3 39.4 49.2 16.4

46.8 62.4 62.4 60.5 49.7 51.7 47.7

44.6 0 59.5 57.9 50.2 65.0 40.1

18.9 75.8 50.5 66.5 - - -

75.6 50.4 50.4 74.5 61.3 66.7 61.7

38.7 0 51.6 45.1 - 41.7 38.3

57.8 100.9 50.5 17 237 73.6 46.3 58.3 53.3

0 0 55.4 55.4 41.7 41.7 48.3

34.9 46.5 46.5 69.1 55.0 50.0 66.7

0 55.5 55.5 54.2 41.0 35.0 70.0

35.7 95.3 47.7 49.2 - 45.0 41.7

0 0 49.7 36.7 - 28.3 31.7

53.4 71.2 47.4 47.3 - 38.3 45.0

30.7 40.9 40.9 15 237 43.9 - 35.0 40.0

17.1 22.8 45.7 40.7 - 33.3 36.7

47.3 21.0 42.1 43.6 - 35.0 36.7

34.7 0 46.3 36.0 - 33.3 33.3

48.0 63.9 42.6 48.6 43.8 49.2 43.3

17.4 23.2 46.4 43.1 33.6 51.7 37.5

45.3 20.1 40.3 44.1 31.9 48.3 27.5

0 50.8 50.8 14 188 39.2 24.1 51.7 14.2

16.6 66.5 44.3 45.8 25.4 55.0 31.7

65.9 43.9 43.9 50.9 27.2 59.2 32.5

0 0 41.2 47.3 26.4 56.7 30.0
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APPENDIX V

Survey of farmers, Michigan, 1962.

 

 

 

 

Treatment :

N : . P : K ° Yield

--------------------Pounds---------------------- Bushels

51.0 60.0 30.0 42.6

51.0 60.0 30.0 40.7

35.0 60.0 30.0 50.0

22.5 90.0 90.0 50.0

22.5 90.0 90.0 45.0

45.8 104.3 65.3 49.0

44.9 100.7 63.5 46.0

44.9 100.7 63.5 40.0

54.0 54.0 54.0 54.0

54.0 54.0 54.0 47.0

54.0 54.0 54.0 38.8

54.0 54.0 54.0 48.0

36.5 74.0 74.0 47.0

72.0 100.0 66.0 48.9

60.0 60.0 60.0 33.0

37.0 58.0 58.0 30.0

54.0 72.0 36.0 52.0

49.5 54.0 54.0 35.0

30.0 66.0 42.0 46.3

30.0 46.0 46.0 41.8

30.0 44.0 44.0 48.8

30.0 40.0 40.0 49.4

58.0 72.0 36.0 36.0

50.0 80.0 80.0 56.0

73.6 123.4 61.7 42.5

68.0 52.0 52.0 24.2

45.0 108.0 66.0 40.0

42.0 96.0 60.0 43.0

39.0 84.0 54.0 37.0

25.6 51.8 51.8 43.6

26.0 36.0 36.0 46.6

36.5 74.0 74.0 50.0

36.5 74.0 74.0 67.5

42.8 99.0 99.0 50.0

34.0 64.0 64.0 60.0

34.0 64.0 64.0 58.0

25.0 100.0 100.0 55.0

25.0 100.0 100.0 50.0

64.5 92.0 92.0 50.0

64.5 92.0 92.0 50.0

36.0 36.0 36.0 48.8

60.0 60.0 60.0 46.0

60.0 60.0 60.0 32.0
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APPENDIX V - concluded

 

 

 

 

Treatment

N : P : K Yield

--------------------Pounda--------------------- Bushels

39.5 75.5 75.5 56.3

39.5 75.5 75.5 54.0

36.5 74.0 74.0 70.5

36.5 74.0 74.0 66.3

24.0 96.0 72.0 67.0

44.0 64.0 160.0 52.0

34.0 64.0 64.0 51.0

25.5 66.0 66.0 55.0

17.5 70.0 70.0 45.0

30.0 94.0 30.0 40.0

46.5 33.0 33.0 32.0

46.5 33.0 33.0 28.0

54.0 54.0 54.0 45.5

41.5 94.0 59.0 43.8

54.0 54.0 54.0 50.0

54.0 54.0 54.0 50.0

47.0 76.0 46.0 60.0

27.0 63.0 39.0 50.0

27.0 63.0 39.0 40.0

30.0 75.0 75.0 40.0

50.0 60.0 60.0 48.0

45.0 99.0 63.0 50.0

47.0 76.0 76.0 43.9

31.0 76.0 46.0 51.9

30.0 142.5 142.5 50.0

15.0 60.0 60.0 35.0

42.0 96.0 60.0 47.4
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APPENDIX VI

"Typical" experiment data, Michigan, 1962.

 

 

Approximate actual
 

 

: Theoretical ;

Treatment : N = P . K : N : P : K : Yield

--------------------Pounds--------------------- Bushels

A 0 0 40 0 0 72.8 35.8

0 0 40 0 0 72.8 35.8

0 0 40 0 0 72.8 26.7

0 0 40 0 0 72.8 28.3

0 0 40 0 0 72.8 27.5

B 0 4O 40 0 61.2 61.2 40.0

0 40 40 0 61.2 61.2 46.7

0 40 40 0 61.2 61.2 40.0

0 40 40 0 61.2 61.2 32.5

0 40 40 0 61.2 61.2 20.8

0 40 40 0 61.2 .61.2 43.3

C 15 20 40 19.7 26.2 52.4 46.7

15 20 40 19.7 26.2 52.4 36.7

15 20 40 19.7 26.2 52.4 33.3

15 20 40 19.7 26.2 52.4 31.7

15 20 40 19.7 26.2 52.4 30.8

D 15 60 40 17.0 67.8 45.2 40.0

15 60 40 17.0 67.8 45.2 50.0

15 60 40 17.0 67.8 45.2 30.8

15 60 40 17.0 67.8 45.2 26.7

15 60 40 17.0 67.8 45.2 27.5

15 60 40 17.0 67.8 45.2 35.0

E 30 O '40 31.2 0 41.6 37.5

30 0 40 31.2 0 41.6 42.5

30 0 40 31.2 0 41.6 25.0

30 0 40 31.2 0 41.6 31.7

30 0 40 31.2 0 41.6 18.3

30 0 40 31.2 0 41.6 36.7

F 30 40 40 36.0 48.0 48.0 38.3

30 40 40 36.0 48.0 48.0 40.8

30 4O 40 36.0 48.0 48.0 26.7

30 40 40 36.0 48.0 48.0 32.5

30 40 40 36.0 48.0 48.0 26.7

30 4O 40 36.0 48.0 48.0 35.0
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APPENDIX VI - concluded

 

 

Theoretical : Approximate actual
 

 

Treatment : N : P : K : N : P : K : Yield

--------------------Pounds--------------------- Bushels

G 30 80 40 38.4 102.4 51.2 40.8

30 80 40 38.4 102.4 51.2 43.3

30 80 40 ‘38.4 102.4 51.2 35.0

30 80 40 38.4 102.4 51.2 32.5

30 80 40 38.4 102.4 51.2 36.7

30 80 40 38.4 102.4 51.2 22.5

H 45 20 40 58.1 25.8 51.6 36.7

45 20 40 58.1 25.8 51.6 37.5

45 20 40 58.1 25.8 51.6 30.0

45 20 40 58.1 25.8 51.6 25.0

45 20 40 58.1 25.8 51.6 26.7

45 20 40 58.1 25.8 51.6 25.8

I 45 60 40 53.6 71.4 47.6 35.0

45 60 40 53.6 71.4 47.6 41.7

45 60 40 53.6 71.4 47.6 32.5

45 60 40 53.6 71.4 47.6 25.8

45 60 40 53.6 71.4 47.6 35.8

45 60 40 53.6 71.4 47.6 22.5

J 60 40 40 73.8 49.2 49.2 31.7

60 40 40 73.8 49.2 49.2 41.7

60 40 40 73.8‘ 49.2 49.2 35.0

60 40 40 73.8 49.2 49.2 20.8

60 40 40 73.8 49.2 49.2 20.8

60 40 40 73.8 49.2 49.2 33.3
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