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Abstract:
This study is an attempt to test the significance of differences in the level of management as this is
represented by differences in crop yields.

Yield is made up of several inputs including management as defined here, soil and weather conditions.
By subtracting out the effects of soil characteristics and weather conditions on yield, variations in the
residuals can be attributed to variations in the management input.

The data used for analysis in this study were taken from records of the Jocko Valley Division of the
Flathead Indian Reservation Irrigation Project. This irrigation division was used for several reasons?
(1) there is a recent soil survey available that is essential for the soil indexing method used; (2) this
division of the irrigation project covers a small geographic area, which is necessary to minimize
differences in weather between tracts of land; (3) there is a large number of Indian operators as well as
non-Indian operators, which also permits cross-cultural comparisons in testing the method statistically;
and (4) a high percentage of the cropland is in alfalfa hay, giving a crop that is grown under all or most
of the levels of management present in the area.

The method is based oh the removal of the weather influence through sampling, and removing the
influence of variations in soil by use of the Storie Soil Index.

Each of the physical characteristics of the soil are given an index value on the basis of an "ideal" soil.
These values are then used to obtain a productivity index value for the soil itself. From these soil
productivity indexes a productivity index for each tract (alfalfa field) in the sample is obtained. The
productivity index is then used to subtract out the soil influence on yield, with the remainder
representing the influence of the management input.

Using the indexed yields, statistical tests are made to determine whether this method reveals significant
differences in the management input among, as well as within, different groups of operators.

The results of these tests show that the method developed to determine an operator’s comparative level
of management does, in fact, reveal significant differences within as well as between the groups
studied.
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ABSTRACT

' This study is an attempt to test the significance of differences
in the level of management as this is represented by differences in

-crop yields.

Yield is made up of several inputs including management as

_defined here; soil and weather conditions. . By subtracting out the

effects of soil characteristics and weathér conditions on yield,
variations in the residuals can be attributed to varlatlons in the
management 1nput° -

The data used for analysis in this study were taken from records
of the Jocko Valley Division of the Flathead Indian Reservation

.Irrigation Project. This irrigation division was used for several

reasonss (1) there is a recent soil survey available that is essen-
tial for the soil indexing method used; (2) this division of the . :
irrigation:project covers a small geographic area, which is necessary
to minimize differences in weather between tracts of land; (3) there
is a large number of -Indian operators as well as non-Indian operators,
which also permits cross-cultural comparisons in testing the method
statistically; and (4) a high percentage of the cropland is in alf-
alfa hay, giving a crop that is grown under all or most ofethe levels
of management present in the area.

The method is based on the removal of the weather imfluence
through sampling, and removing the influence of variations in soil
by use of tne Storie Soil Index. :

Each of the physical characteristics of the soil are given an
index value on the basis of an "ideal" soil. These values are then
used to obtain a productivity index value for the soil itself. From
these soil productivity indexes a productivity index for each tract
(alfalfa field) in the sample is obtained. The productivity index
is then used to subtract out the soil influence on yield, with the
remainder representing the influence of the management input.

Using the indexed yields, statistical tests are made to deter-
mine whether this method reveals significant differences in the
management input among, as well as within, different groups of
operators. .

The results of these tests show that the method developed to
determine an operator’s comparative level of management does, in
fact, reveal significant differences within as well as between the
groups studied, -




PART ‘I

_ INTRODUCTICN

Problem Situation

The level of manageria; input of the individual fafm operation is
important in-farm budget analysis. The budget tells the operator which
of the enterprises considered are best suited for his particular operation
and thus enables him to attain his goal more efficign;}yo Budgeting, as
presently used; sets the level of management by specifying what practices _
are needed to attain a ceftain level of production. If the level of manages
ment input can be related to yields obtained with some degree of confidence;
it will be possible to make better budget estimates for the individual farm
operator,

Farm management, or management as used in farm budget analysis, may
basically be defined as “the ways and means of 6rganizing land, lébor and
capital and the application of fechnical knowledge and‘skills in order that
the farm may yield the maximum net feturn“.consigtent wifh the goals of the
family farmoi/ In most farm management research the level of management
is assumed constant. The assumption has been justified and explained in

2 . .
several ways. Johnson:. gives two cases in support of this assumption.

';/ - Co We Forster, Farm Organlzatlon and Management, New York, Prentlceu
Hall, Inc., 1946, p. 27. ‘

g/ Glenn L. Johnson, "Problems in Studylng Resource Productivity and
Size of Business Arising From Managerial Process,“ Resource Prod=-
uctivity, Returns to Scale, and Farm Size, Edited by Earl O. Heady,

Glenn L. Johnson and Lowell S. Hardin, Ames, Iowa, lowa State College - -
PI‘eSS, 1956, Ppo ;6‘=230 .
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Firét, the samplé_uéed in the studi'may be drawn iﬁ such a manner that only
one level of management is présento -In the second case the sample is dgawn
in such a manner that the managerial input is normally and randomly dis=
tributed and the input will "average out" to some uniform ievelog/ This
“average”level of management is then used to represent all management used
in the stud&° In both cases if is recognized that the management input
varies, but great care is taken.to hold.it constant.

‘Tramel and Hildrethi/ have a different reason for assuming the level
of management to be approximately the éame for different farm operators.
This is attributed to better education of farm operators. Also,‘more
effective disseminétion 6f agricultural information has increased the extent
to which new farming practices are adopted. They argue thaf this has helped
reduce variation in managementoé/ |

In the case presented by Tramel and Hildrefh fo; assuming‘ménagement
constant, it would appear that the managerial ability of an individual would:
greatly influence the rate at which he will adopt new technologies. Higher
managerial ability should result in higher output (or yield). If this is

the case, then there would appear to be a direct relationship between yield

and management input.

Ibidog ppo 20"210

&/

4/ Thomas E. Tramel and R. J. Hildreth, "Relative Role of Survey and
Experiment in Farm Management,” Journal of Farm Economics, Vol. XXXIX,
No. 5, December, 1957, pp. 1445-1451. .

5/ 1Ibid., p. 1451,
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In these #ystems of dealing with the management input, this input is ]
held constant and not included as a variable. If management is not a vari-
able 1n the product1on process, why then are there varlatlons in yield on
ad301n1ng farms with similar 5011, weather and cllmat1c condltlons?

Productiop theory tells us that management is one of the four factors
of produgtion° These four factors are land, labor, capitél ahd ména,gemen:\t°
In tbe actual budgeting process land, labor and capital are usea as vari=
ables for the entérprisgs considered. This is reasonable as these factors
can be shifted from 6ne enterprise to another without too much difficulty°
Management is handled differently. 1In actual budgeting the management
input is assumed cohstant between enterpriseslas well as between farm opera-
tions, Ihis does not seem reasonable. The idea that there .is no managerial
difference,betwéen‘farmers'is wrdngég/ there are differenégsc If one can
determine the degree to which managerial ability aoes varys he will be

better able to estimate the general level of management of a particular

operator and its effect on yield.

'Research Problem
If management is to be included &s an input in the production process,
how ﬁuch does it contribute to the level of yield attained? |
-Manageﬁent, as it will be used in this study, is defined not only as

the ability to combine inputs, but also the ability to obtain and control

6/ Don Kanel, "Discussion: Relative Roles of Survey and Experiment in
Farm Management Research,” Journal of Farm Economlcs, Vol., XXXIX,
No. 5; December, 1957, pp. 1451-1454.
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inputs. -The_ability to obtaih and Eontrol inputs reflects nbt only the
wealth,)ﬁncqmé and_credit position of an individual operator, but also the
cdnsﬁraih£s which may bé imposed on him by his education,'his culture, and
the area in’which he lives.

Sinég hanégément is constfgined by both institutions and learning,
it is.susﬁected ﬁhét there may be variations in the general level of manage-
ment within as well as between different cultural grcupéo 'This study is
to determine whether there are measurable differences‘and whether the adapted
methods are éufficient to reQeal these differences in a.mea.inin‘gful'wayo

"Yield is influenced by three main inputs: management, sgil‘characterc
istics and weather conditions. By "nettiné out® the effect§‘of soil and
weather on yield; the residual yield can be attributed to the management
input. . Included in the management input are such things as type of seed
used, rate 6f seeding, use of fertilizers, use of‘propei machines in the

proper manner and timeliness of the operation.

Hypotheses
This study will be conducted under two general hypotheses relating
to the measurability of management. They aré,‘(l) thére are measurable.
" differences in the levels of management between ihdiviauals in a cultural
or tenure group, and (2) there are measurable differences in thellével of
management between cultural and tenure groﬁps as a whole. Thus, if the
leveis of management are significantly different,lthese‘hypotheses will

not be rejected by the statistical tests to be used.




e

, Objectires:
ihere are two objectives of this stt\dyo :First, an attempt will be
made to.develop a method _for measuring comparatively the general level of
management of different groups (both cultural and tenure) of farm opera-
tors 1n a given area. Second, this will be an attempt to determlne whetherﬂ
such a method can produce estimates that will ‘be of use 1n establlshlng

levels of y1e1ds for different operators in farm budgetmg°




PART 1I

DEVELOPMENT OF THE METHOD

Sampling
For this study an area is needed in which there are different cultural
groups of farmers, such as Indian and non-Indian farmers, and‘different

tenure positions of the operatofSa .The area to be considered should have

a crop which is grown on most farms. Also, a reaéonably:aécﬁréfe'séil
survey is needed of the area.

The first condition suggests going to an Indian reservation where
Indians are actively engaged in farming. Records and past experigncé’inn
dicate that the fﬁdian farmer is not as good a manager as fhé non-Indian r“.wlmi;f
operator in the same area, in keeping with the definition of management

used in this study, or he is using less productive land or a combination

of the two., In reviewing data from the various Iﬁdian reservati&nrbro;
jects in Montana, it was found that there are very few Indians actiye}y
farming on these projects. Of the divisions of the‘Elaéhead Ihdian S s”fﬁlf;
Reservation Irrigation Project, the Jocko Valley Division has the great-
est number of Indian operators., |

The preliminary survey of the 1961 crop reports shows 43 tracts with

irrigated alfalfa farmed by Indians in tﬁe Jocko VqllqyrDiGisiono This

compares with 23 in the Mis;ion Valley Division and only a handful in the
Camas Division. The Jocko Valley Division crop report shows 125 tracts

of irrigated alfalfa farmed by non-Indian operators. Of the 125 tracts,
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32 are farmed bywrentgrsuaﬁd;93vare farmed by owner operators.  This Diﬁisioh-
apbgérs.to begtbeLmo§t acceptable in term§H0f.re;§tive size of the sample
available from each of the cultural and tenure groups. Having sufficient
ééhplesnfxgm the different cultural groups, among which there are suspected
differences in mgnégéhgntﬂinpqt,:it,is_nepéséary“tp see whether the method
to be used_is sufficient to_ reveal these differences.

.. In ke@pingmwifh'the,obigdtive of measuring management by using relative
yields, the yield of qnly;one,CiOP ShQPLdee'use@e" This crop should be

one that is of major importance and reflects in its yield, the management

Dy

this study. Approximately 35 percent of all the irrigated crop land in.
the Jocko Valley Division is in alﬁalf?.(Tablé\I)s“iﬁdicaﬁing.that it is
’agmajo; crdp and that it should demonstrate tﬁé‘rangg,of‘mgnaggmentA;gyels
p;eéentu cher\divisiéqs of the Elathéad ;ndiah Rgsé;vation Iirigation‘
Prcjeét”have approximatéiy the same percentage of irrigated alfalfa, but.
thére are not $Ufficiént Indian operatois to make the necegsary statisti-
cal te$tso |

~ The method td be developed requires a sdil,indexing methéd-to elimim
nafe'soil variation. Most of the ;ndian reservations have had soil surveys
made by the United States Department of Agriculture or the Bureau of'Indian
.Affairé‘oi, in some cases, both organizations. " The Jocko Valley Division
‘has such a s;xrvey° The original survey was made in 1929 by the Uhitéd'
States Department of Agriculture and a fevision or second survey was made

in the late 1950's by the Bureau of Indian Affairs.




TABLE I. USE OF CROPLAND IN FLATHEAD IRRIGATION PROJECT DIVISIONS, 1960%

Item Jocko Valley Camas Mission Valley Total Project
Acres Percent Acres Percent Acres Percent Acres Percent
Forage
Alfalfa 3636.1 35,41 3734.8 35,959 22168,6 25,99 29539,5  27.85%
Grass Hay 1355.4 13,20 5484,1 6.43 6839,.5 6.45
Annual Pasture 3889,.0 37.87 31185:1 29.69 31874,.9 37.37 38879.0 36.66
Silage 25,0 0,24 5.0 0.05 358.9 0.43 388,9 0.37
Other Forage 152.8 1.49 2868.5 27.34 8498.8 9.96 11520,1 10,86
Total 9058,3 88,21 9723.4 92,67 68385,3 80.18 87167,0 82,19
Grains
Barley 359,0 3:50 368.4 3,01 5296,0 621 6023.4 5.68
Oats 296,0 2.88 175.4 1567 4286,.6 5.03 4758,0 4,48
Wheat 71.5 0. 70 152:5 1.45 5176.7 6.07 5400,7 5,09
Other 46,0 0,05 46,0 0,04
Total 726.5 7.08 696.3 6.63 14805,3 17.36 16228.1 715,29
Other Uses
Fruits Bel 0.06 110.4 0.13 116,1 0,11
Garden 41.9 0.41 152 0.01 138.0 0.16 18141 017
Potatoes 794.4 0.93 794.4 0,75
Sugar Beets 32:9 0.32 491.8 0.58 524,3 0.49
Seed Crops
Soil Bank 282,3 275 65.2 0.62 4114 0.47 758,.6 0. 72
Misc,
Irrigated, not
cropped 120.4 1,17 7.0 0,07 166.5 0.19 293.9 0.28
Total 482,8 4,71 77.4 0,70 281252 2,46 2668,4 2,92
Total 10267.6 100,00 10493,1 100,00 85302,8 100,00 106063,8 100,00

*From Agency Crop Report

-8-
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Another factor to be considered is the size of the area covered by
the project under study. The smaller the area in which the sample is lo-
cated, the less will be the variation in weather over the area. The Jocko
Valley Division'is the smallest of the three main divisions in the Flat=-
head project. |
Thesé factors make the Jocko Valley Division the area most suited
for this study. A%so, there are complete crop reports available from which
data can be obtainéd°
The Jocko Valley Division is nearly four milés wide southeast of Arlee,
but at Ravalli it narrows to a canyon,' It widens again near the junction
of the Jocko River and the Flathead River. Its western part is in Sanders
County and its southern part extends about three miles into Missoula CountQQ
The balanée of the Division is in Lake County.Z/ .
The elevation of the main part of the Jocko §alley Division is ap-
proximately 3,000 feet at the ba;e of the mouﬁtains to 2,500 feet along
the Flathead River near Dixon. The highest elevation. is in the southeast-
ern part of the Division while the lowest is in the northwestefn end. The
fall in elevation from south to north should, to some extent, make climatic
conditions more uniform over the Division. As to formallclimatic records,

' there are none for any point in the ‘Jocko Valley. The nearest reporting

Z/ William DeYoung and R. C. Roberts, Soil Survey of the Lower Flathead
Valley Area, Montana, United States Department of Agrlculture, Series -
1929, Number 22. '
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station is St. Ignatius. There the growing season is 125 days. This

figure‘should be fairly representative as Arlee, which is approximately

the middle of the Division, is at nearly the same elevation as St. Ignatius.
Most of the Division is at an elevation within 100 feet of Arlee, so it is
felt the growing season for this Division should be about 122-125 days.

The annual precipitation at St. Ignatius is 15oi3 inchesog/ Arlee and

the majority of thé_Jocko Valley Division will have approximately this
amount also.

Certain restraints are placed on the sample as it was obtained in
order to remove any possibility that factors, not nedessarily related to
management itself, will hot influence the results of the study. The main
restraints are total irrigated acres operated by the individual operator
and the age of the alfalfa stand. / |

The size limitation is used on both minimum én& maximum acreage of
irrigated land that an operator must farm to be included in thé samples
Size may be a function of management. High level management will "nbr-
mally" result in 5igh profit with a large operation. But the level of manage-

ment may "also be a function of sizej; a large unit may force the operator

to reduce the intensity and variety of management practices (and levels).

§/ United States Department of Agrlculture, Climate and Man, 1941
Yearbook of Agriculture, Wash1ngton, D. C., United States Government
Printing Office, 1941, p. 956,

9/ Ibid.
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- It is felt that an operator cannot handle much over 320 irrigated acres

and still do an adéquate job of farming. When the irrigated acreage is

too sﬁall the operator may tend to overlook the full pofential of this
resource and will not devote the management effort that the tract warrants,
particularly if this tract is only a part of the total operation. With.
this in mind, 60 irrigated acres were set for the minimum acreage an opera-
to; must férm‘in order to be included in the sample.

The alfalfa stands used in this study must be at least two years old;
that is, 1961 is at least the second year that hay has been harvested from
the tract. ‘There are two reasons for not including the first year’s alfalfa
crop. First, the alfalfa may be grown with a nurse crop, such as barley
or oats, the first vear. 1In fhis case the hay.crop that is harvested,
if any is harvested at all, is quite small and not‘repfesentative of the
yiéld of a "normal" alfalfa ci'opo This is partly due to the drain on avail-
able nutrients by the growing nurse crop. The second reason for not in-
cluding first year alfalfa stands is that the first year’s crop even when
not grown with a nurse crop is considerably smaller in total yield than the

10/
second and third year crops from the same stands.

10/ W. E. Larson, S.N. Brooks, T.S. Aasheim, and A.H. Post, Irrigated
Crop Rotations at the Huntley Branch Station, Montana Agriculture
Experiment Station, Bulletin 535, Bozeman, Montana, January, 1958,p. 49.
In comparing the mean yields of the first year the alfalfa was
grown with the second and third years,; the following results
were obtained: '
lst, year---4.09 Tons/Acre
ond. year---4.46 Tons/Acre
3rd. year---4.42 Tons/Acre
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There are no restraints on the maximum age an alfalfa. stand may be
in order to be included in the sample. It is recognized that alfalfa
yields decline as the age of fhe stand increases if no reseeding, ferti-
lizing or any other type of renovating piaciices are used; .If the alfalfa
is properly rotated and maintained, the yield should remain higher than

if it is not. In determining a level of management, practices which show

‘an apparent lack of management should not be eliminated from the sample.

When a tract has been in alfalfa for too many years, this would demonstrate
a lack of "good" management practices. Conversely, when a tract shows
alfalfa for only a few years, such as three, four or five years, this is

an indiéation of acceptable rotation and satisfactory management practices.

By complying with these sampling restraints, factors which are indica-

“tions of part-time farming or large-scale farming are removed from the sample

so that only family-sized farms are includedo‘ These restraints will also
éxclude tracts of alfalfa with low yields which will unjustifiably influence
the final result. As Qtated above, these tracts are the first year crop and
alfalfa grown with a nurse crop.

The actual sample used in this study was taken from the crop reports
of 1961 of the Flathead Irrigation Project on the Flathead Indian Reser-
vation. The cultural and tenure groups were based upon Indian or non-
Indian operators, and non-Indian renters or.nonwlndian owner-operators.
As it wa§ felt that non-Indian operators are better managers than Indian
operators, and owner-operators are believed (by some) to be better managers

than renters, the total sample will be broken into these groups for analysis.
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The number of observations in the sample used was reduced from the number
in the preliminary Survey by thé sampling restraints. Thé Ipdian cultural
group hgs 21 tracts and the non-Indian cultural group has 60 tracts. In
the non-Indian renter group there are 23 tracts and in the non-Indian

owner-operator group there are 37 tracts. The total sample has 81 tracts.

Climate Index

In the introduction it was pointed out that thg managerial effect on
yields might be considered the residual after the effects of climate and
soil variations have been removed. .The problem arises as to how the climatic
and soil variatibn can be removed from sdme given set of vyields and the
residual effect obtained.

Several methods have been develcoped for removing climatic and weather
variations from a series of yields. These methods, such as the one Stallingsll/
has developed, measure the influence of weather on crops grown on experi-
mental plots by holding as,ﬁany factors constant as possible from year to
year. They assume that most of the variation in yield is due directly to
variation in weather after trend has been removed to account for increases
or decreases in the fertility ievel of the soil. From these data‘indexes‘
are developed to show how weather has influenced yield over time.

In this study, the influence of weather over a,period of years is

not necessarily needed. We are attempting to measure the influence of

;;/ James L. Stallings, *Weather Indexes,"” Journal of Farm Economics,
Volo XXXII’ pe 180-1860 '
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management ana not the influence of weather. What is needed is to remove
the influence of weather among all tracts in the sample for onhe crop year.
This is done by taking the sample from a small area (the Jocko Valley
Division) and using alfalfa yields from the 1961 crop report of the
Division;ig/

It is assumed tbat for one year the weather will_be uniform over a

small area, such as the Jocko Valley Division, and yields from different

tracts will not be influenced by weather variation.

SoilyProductivity Index
- The so0il indexing method used is a techhique developed by R. E. Storie
of California. This method is based on soil charasteristics that govern

the land’s potential utilization and productive capacity. It is indepen-

dent of other physical (climatic) or economic (including managerial ability,

1

as defined in this paper) factors that mighﬁnﬁptermine the desirability of
' 13
growing certain plants in a given location.
The area under study was indexed according to the original method in

the early 1940°'s by the Agronomy Department, Montana Agricultural Experi-

ment Station in cooperation with the Soil Survey Division of the Bureau

12/ Taken from the unpublished 1961 crop report of Flathead Indian Reser-
vation Irrigation Project, St. Ignatius,. Mon‘_tanao

13/ R. Earl Storie, . Revision of the Soil-Rating Chart, California
Agriculture Experiment Station, Berkley, California, December, 1959.
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of Plant Industry. These data were obtained from the Plant and Soil
Science Department of Montana StateiCollegeo

In determiniﬁg.the percentage values of the various factors considered,
a knowledge of soils in genexalsnand.the'soil§<under consideration in parti-
cular, i§"neededeﬂf$oii_scientists.are the most ‘logical people to do tbié
typé of study. They are able to fix the neceséafy s0il measures with the
greéfest accgracyel

_ The Storie indexing or rating chart assigns a value, in terms of an
"idéal" soil, tos (1) the character of the physical profile, called
“"Factor A"; (2) the surface texture, "Factor B"; and (3) slope, "Factor
C". 1In addition to these three characteristics, irrigability and erosiven
ness are considefed, as are freedom from alkali and poor drainage. fo
determine the index value of the particular soil, the percentage of the
ideal soil for each of the six factors considered are multiplied together
(Equation 1). .Each of the factors in the equation have equal weight.

15/
Equation 1-

Index Value of Soil = Factor A x Factor B x Factor C x Fertility x
' Irrigability and Erosiveness x Freedom from
Alkali and Poor Drainage

This method was used as all the soils are rated against the "ideal"

(100 percent index) s0il and there is no direct comparison of soil types

14/ Taken from unpublished soil report, Department of Plant and Soil Science,
Montana State College, Bozeman, Montana.

15/ R. Earl Storie, op. cit.
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against each_q,’chero Using @he s0il indexes, the productivity index for

. a tract of land can then bé'fdundo

Productivity Index of the Tract
The productiQity index of each tract is a weighted index made up of
the'produétivity index‘of each soil within the individual tract. The first
step in oﬁta;ning the tract productivity index rating is to compute the
indéx‘rating;pf sdils within that tract.

L As ﬁéntiqne&.preViously, the' Jocko Valley Division was surveyed and
indexed in the 1940°s. Tﬁe results of this sthdy by the soils personnel
at Montana State College is shown in Table II. These indexed values of
soil are used_iﬁ computing the productivity index.

fhe'weighfed:ﬁyoductivity index of a tract is computed by multipl§~
ing the indexed value of each soil in the tract by the acres of that soil
in the tract. fhese ﬁalues are added, and the result divided by the total
acres in the‘t%acf (gquation 2).

16/

Equation 2

Total Acres in Tract

Productivity Index of Tract =

" Some soils afe much more productive than others. As a result, one
operator may be obtaining high yields from very productive land, and com-

pare much more favorably than another operator who has lower yields; but

16/ .Ibid.




TABLE II. SOIL TYPES AND SOIL INDEXING OF THE SOILS IN THE JOCKO DIVISION OF THE FLATHEAD
TRRIGATION PROJECT.*

H 7
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=0, o~ O >
< m S) oo - : o
Soil Type & & & S -9 o >
(o] (o] O T C oY O o X O
+ + - O @ -d o - (O
(&) o o O X © = ] e}
(] © 4] He- M ] (] S 4
8 38 I, L <A H od 89 = ©
% % % % % % %
Millville Loam 95 100 95 100 95 95 90
Moise Fine Sandy Loam, Fine Texture Phase 90 100 92 100 95 90 82
Millville Gravelly Loam 85 80 90 100 90 90 61 -
Trenton Very Fine Sandy Loam 95 100 80 95 95 90 76 e
Trenton Stony Loam 90 80 87 100 90 85 63 s
Flathead Fine Sandy Loam 90 100 85 100 80 90 76
Trenton Gravelly Loam 85 80 87 100 90 85 56
Corvallis Silty Clay Loam, Brown Phase 60 95 87 100 85 90 50
Flathead Fine Sand 50 70 70 100 60 80 24
Hyrum Gravelly Loam, Terrace Phase 65 80 90 100 95 85 47
Hyrum Gravelly Loam 60 80 90 100 95 85 43
Hyrum Stony Loam 60 70 87 100 85 90 36
Corvallis Silty Clay Loam 60 90 70 100 60 80 38
Corvallis Silty Clay Loam, Gravelly Phase 60 80 65 100 66 70 31
Lonepine Very Fine Sandy Loam, Steep Phase 90 100 55 100 30 80 49
Post Clay Loam 60 70 90 100 90 90 38

¥Source: Unpublished data from Plant and Soil Science Department, Montana State College.
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also much poerer land to work with. The productivity index is the basis
for indexing yields so as to account for differences in yields that result

from such differences in soil productivity.

Development ofvthe Yield Index

In order to make the statistical test on tﬁe yields to accept or
reject the hypotheses of this study, all the influences of soil type must.
"be removed. The resulting value is, for pﬁrposes of this study, the in-
dexed yield. |

The indexed yield is a value which shows what the management, as de~
fined here; Will obtain on the ideal soil in the crop year studied. To
go from the aéfuai yield to the indexed yield, the actual yield is divided

by the productivity index (Equation 3).

Equation 3 .

Actual Yield of Tract
Indexed Yi 1d of Tract =
naexed Yield of ir - Productivity Index of Tract

Table-III‘sh&ws the actual yigld in tons per acre from each.tract;
the soil prbdubtiﬁity index of the tract, the indéxéd yields foﬁnd 5y use
cf Equation 3, and the cultural and tenure position of the operator of the
tract.

By using ihe methodé‘described, soil variations have been removed
from each tract and aﬁ indexed yield has been obtained. These indexed
yields will be used in making the desired statistical tests of the hypo-

theses of this study.
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TABLE III. CULTURAL OR TENURE POSITIONS OF OPERATOR, ACTUAL YIELD,
SOIL PRODUCTIVITY INDEX AND INDEXED YIELD OF EACH TRACT

IN SAMPLE.
Group a/ Actual Yield Tons Soil Productivity Index Indexed Yield
i 0.68 59.13 Ll
nloo 1.03 84.75 1.22
I 3 00 61.00 l1.64
I 1.00 61.00 1.64
I 1.00 60.95 1.64
nloo 1.00 60.61 1.65
nloo 1.04 61.29 1.70
I 0.77 44.74 1 Bl )
I 1.00 57.88 173
nlr 1.28 74.05 173
nloo 1.30 70.56 1.84
nloo 0.80 43.00 1.86
1 1.21 61.00 1.98
I 1.00 50.26 1.99
I 1.00 50.24 1.99
nlr 1.00 49.08 2.04
nlr 1.00 48.50 2.06
I 1.18 54.84 2415
nloo 1.63 73.00 2.22
nlr 17 52.03 2.25
nlr 1.00 44.15 2.27
nlr 1.06 45,25 2.34
nloo 1.03 43.12 2.39
nloo 1.27 52.62 2.41
nloo 1.25 50.06 2.50
I 1.59 60.88 2.61
nloo 1.79 66.93 2.67
nlr 1.16 43.00 2470
nloo 1.62 58.30 2,78
nloo 1.50 52.00 2.89
nlr 1.30 45,03 2.89
nlr 125 43.00 2.91
I 1.33 44,73 2.97
nloo 1.32 44.13 2.99
I 1.71 50.07 3.00
nloo 2.30 76.18 3.02
I 1.90 62.31 3.05
nloo 1.50 48.88 3.07
nIoo 2.21 71.95 307
nloo 1.94 63.00 3.08
I 2.00 64.81 3.09
nloo 1,92 61.02 SelD
nlr 2.00 62.36 321
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TABLE III Continued

Group a/ Actual Yield Tons Soil Productivity Index Indexed Yield
I 1.80 55.58 3.24
nloo 2.08 64.00 3.25
nloo 1.98 60,90 3.25
nlr 1.74 53.28 3.21
nloo 2.00 61.00 3.28
nloo 2.00 61.00 3.28
nlr 1.88 56,72 3.31
nloo 2.00 60.14 3.33
nloo 1.43 43,00 3.33
I 1.99 59.24 3.36
i 1.98 57.80 3.43
nloo 1.50 43.00 3.49
nloo 2.14 59.89 357
I 167 46.83 357
nlr 2.67 74,15 3.60
nloo 2.00 55,17 3.63
nloo 1.60 43.00 3.72
nloo 1.63 43.00 3.79
nlr 3.00 it e D4 3.87
nlr 1.67 43,00 3.88
nlr lel2 43,00 4,00
nloo 2.00 49.53 4,04
nloo 2.53 61.00 4,15
nlr 2.33 56.16 4.15
nloo 2.62 62.28 4,21
i 2.00 47.46 4,21
nlr 1.80 43.47 4,32
nloo 2.82 63.00 4,48
I 1.94 42,25 4,59
nlr 2323 47.00 4,75
nir 2.44 51.28 4,76
nlr 3.00 63.00 4,76
nlr 2.00 41.56 4,81
nlr 2.35 65.31 5.19
nloo 2.83 49,00 5.78
nloo 3.25 54,31 5.98
nloo 3.64 65.47 6.56
nloo 2.86 38.00 153

g/ I - Indian Operator, nIr - Non-Indian Renter, nloo - Non-Indian
Owner=Operator




PART III

STATISTICAL TESTS
Are the indexed yields, ebtained through the procedure just outlined,
meaningful as a measure of management input? If so, how can we make com-'
parisons betﬁeen different groups, both cultural and ten;re, to see what
{nfiuenée theéevfactors may have on the management input?

- In answer to the first éuestion, the yields observed represent the
population as restricted‘by the constraints placed upon it in this study.
Since each of the observed yields are handled and indexed in this same
manner, the indexed yields should represent the population based upon the
iOO percent or ideal soil. To the extent that vari§tions in climatic
conditions and soils have been eliminated, any variation in the indexed
yield is due to management, as management is defined in tﬁis study. As
to what the Qariations of management input are, the procédure outlined
will not givé any concrete answers. It is intended only to show whethgr

there are measurable differences in the management input.

The testing procedure used in making the vari:;s comparisons is the
17/

analysis of variance technique, using the F-test. - This will be used

as we are interested in the variance of the means of different groups in
the’observed‘sample to determine whether there are statistically signifi-
cant differences between those means. A brief explanation of the assumpt-

ions ‘will be given.

17/ Frederick E. Croxton and Dudley J. Cowden, . gglled General Statistics,

New Yorkg Prentlce"Hallg InCog po 7060
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Assumptions Underlying the Analysis of Variance
Before we interpret the analysis of variance technigue applied to

a set of Qurvey data, certéin assumptions must be made explicit. If we
dq#ire‘our data to be capable of rigorous analysis and our conclusions to
<be‘éccompanied by statements of probability as to the correctness of our
inférence, such assumptions must be of a mathematical nature. For the
sake of definitions, we shall assume that the characteristic being measured
is affeéted by one factof, or rather that we are interested only in esti-
mating the effect of one factor, that is, the effect of the management
‘level on yiéldo;'g/

| ”The assﬁmption# may be cléarly summarized in the following way. - If
we assume that an observation (Xij) may be represented by the mathematical

R 74
model

Xij =M ta; +&; t=1,---,r

A r
where u and agare constants such that > a

.= O .,
= a; and the $LJ

are independent and normally distributed with mean zero and a common

variance ¢-2 , then we may validly apply analysis of variance techniques

;Q/ Bernard Ostle, Statistics in Research, Ames, Iowa, The Iowa State
University Press, 1954, p. 240,

19/ - M = sample mean

Q; = variance of observation from sample mean
,.= error
g~ oF
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to detect and estiméte fixed relations among the means of groups of the
population under consideration. That is, if the assumptions are satis-
fied, we may test hypotheses and estimate group effects, with the added
feétgre that we can attach measures of reliabilify to any inferences to
be drawn from our ahalysisogg/ |

Analysis of Variance Calculating Formulas

The analysis of.variance tests méde will be working with only two
variables, that is, cultural or tenure groupings, and their effects upon
yield. 1In the caiculation to obtain the F-ratio, which is the value come
pared with the F-statistic, three basic equations are used. To find the
needed values, first the total sum of squares must be found. The sum of
squares between the groups needs to be found, as does the sum of squares
within groubs, To find these values more easily, the data have been
arranged in tables (Appendix Tables I, II, and IIIjo

-In these tables; the indexed yields are represented by the: X;'s. ’
The sum of the indexed observations are'indicated;by'églxé 0 Thié sum
( % X; ) is shown for each column in the table. Also needed will be ‘the
sum of the sum of squared observations. These values are shown for each
2
(

) :4]
column and are indicated by 2> X
i=1

©

20/ Ostle, ops Cites pp. 240-24l. See Appendix for formal model.
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21/

The computlng formulas needed for analysis of variance are

(Z ﬁXL | g

I,otal Sun of Squar.es = i X
Sum of Squares Among Groups = _>. ‘:;' — =t ﬁd:i ,
. L

Sum of Squares Within Groups = Total sum of squares - sum of
: . squares among groups.

Analysis of Variance by Thirds of the Population

There are 81 tracts used in this study, that meet the requirements
of size and age of staAdo This sample of 81 was then divided into three
groups (low,‘medium'and high) by level of indexed yield. Each group has
27 observafions, or one-third of the tracts in the sample. The indexed
yields in the low‘yield group range from 1.15 tons per acre to 2.67 tons
per acreo The indexed yieid in the medium yield group range from 2.70
rons per acre to 3.43 tons per -acre. In the high yield group the indexed
ylelds range from 3. 49 tons per acre to 7.53 tons per acre. Within each
indexed yield grouping, there are Ind1an operators, non=Indian renters and
" non-Indian owner-operators.

Before any other. tests oféyariance are run, it was decided to see
whether there are significant differences between the thirds of the san;ple°

If there are no‘significant,differences between the mean yields of the low,

21/ Croxton and Cowden, op. Cit.s pp. 706=711. - -
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medium an§ high yield'groups, there will be no significant differences
between any further bredkdown of the data. |

The following (Table IV) is the analysis of the variance of the means
of the indexed‘yield for the three yield level groups. The basic data
used in these calculations are presented in Appendix Table I.

TABLE IV. ANALYSIS OF VARIANCE OF THE MEANS OF THE INDEXED YIELDS BY
THIRDS OF THE SAMPLE.%*

Source of Degrees of Sum of Mean F-Ratio F<Critical
Variance - Freedom Squares  Square

Among 2 93.94 46,97 1677.50 5% = 3:11
Groups . ‘ 1% = 4.88
Within 78 21.93 0,28

Groups '

Total 80 115.87

#From data presented in Appendix Table I.
Null hypothesis tested: There are no significant differences in the means
of the low, medium and high indexed yield groups.

The Fe-ratio (1,677.50) exceeds the F-critical values at both the 5
percent level (3011) and the 1 percent level (4.88), and we must reject
the hypothesis. That is, we can say there are significant differences
between the low, mediﬁm‘and high iield groups in this population° ‘This
is expected as the indexed yield groups were established by putting the
low 27 indexed yields in the low yield group, the middle 27 indexed yields
in the middle yield group, and the hiéh 27 indexed yields in the high yield

group.
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The next test is to determine whether there are significant differences
among mean yields of Indian operators in the three yield levels. That is,
are the mean yields of tﬁe Indian opergtors in the low yield group signifi-

.cantly different from the mean yields of Indian operators in the medium and
high yigld groups, and are the medium yield group Indians significantly
different from the low and high yield group Indians?

Table V is the analysis of the variance of the mean yields of the
Indian operators in low, medium and high indexed yield groups. The bkasic
data used in these calculations are presented in Appendix Table I.

TABLE V. ANALYSIS OF VARIANCE OF THE MEANS OF THE INDEXED YIELDS OF
INDIAN OPERATORS IN THE LOW, MEDIUM AND HIGH YIELD GROUPS.*

Source of Degrees of  Sum of Mean F-Ratio F=Critical

Variance Freedom Squares Square

Among 2 15.54 T.77 64.75 5% = 3.55
Groups _ - _ 1% = 6,01
Within 18 2,10 0.12

Groups

Total 56 T 17.64

#*From data presented in Appendix Table I.

Null hypothesis tested: There are no significant differences in the mean
yields of Indian operators in the low, medium and high indexed yield groups.

The results, the F»ratio (64.75) iségreater than the F=critical values
at both the 5 percent level (3.55) and the 1 percent level (6.01),

indicate that the null hypothesis must be rejected. This means that there
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are siggifiqant differences between meaﬁ yields-of Indians in these three
yield grouésQ
. Are there significant differences among thg;meanfyields of the non-
Ingian:opé;a£ors_in‘thewlow,mmedium and high yield groups? Table VI is
the agalysigmof.yg;iagéé.making_this test. ‘The basic data for these cal-
culations are presented in Appendix.Tablé 1.

TABLE VI, ' ANALYSIS OF VARIANCE OF THE MEANS OF THE INDEXED YIELDS OF ALL
"' NON-INDIAN OPERATORS IN THE LOW, MEDIUM AND HIGH YIELD GROUPS.*

Source of Degiees of Sum of: Mean. F-Ratio F=Critical
Variance Freedom Squares Square

Among | 2 61.31  30.66 65.23 5% = 3,17
Groups 1% = 5.01
Within |

Groups 57 27.05 0.47

Total 59 88.36

*From data presented‘in Appendix Table I.
Null hypothesis tested: There are no significant differences in the mean

yields of non-Indian operators in the low, medium and high indexed yield
groups. :

4

In this analysis of variance, the F-ratio (65.23) exceeds the F-
critical values, at both the 5 percénf level (3.17) and the 1 percent
level (5.01), and the null hypothesis is rejected. This result indicates
that there are significant results aﬁong the mean yields of hon-Indian
opeiators in the low, medium and_high indexed yieid gfoups°

- These analysis of variance tests (Tables V and VI) deal with cultural
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grc;ups° .Next, the two tenure groups will be considered. The first group
to be tested are the non-Indian renters. Once again the test is to detere
mine whether there are significant differences among the mean yields of the
non-Indian renters in the low, medium and high yield groups. Table VII
is the-analysis-of variance making this test. The b%sic data used in these
calculations are presented in Appendix Table I°4

TABLE VII. ANALYSIS OF VARIANCE COF THE MEANS OF THE INDEXED YIELDS CF
NON-INDIAN RENTERS IN THE LOW, MEDIUM AND HIGH YIELD GROUPS.¥

Source of Degrees of Sum of Mean F=-Ratio F=Critical
Variance Freedom Squares Square

Among ' 2 22.63  11.32 40.43 5% = 3.49
Groups 1% = 5.85
Within 20 5.63 0.28

Groups .

Total 22 28.26

*From data preéented in Appendix Table I.

Null hypothesis testeds There are no significant differences in the mean
yields of non-Indian renters in the low, medium and high indexed yield
groups.

In this test the F-ratio (40.43) is greater than the F-critical at |
both the 5 percent level (3049) and the 1 percent level (5.85). This
indicates that the null hypothesis must be rejected and that there are
significant differences among the means of the non=Indian renters in the
low, medium and high indexed yield groups.

The last test using the low, medium and high yield groups by one=-
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third of total sample is to determine whéther”the means of non-Indian owner-
operators in these yield grpubs are significantly different. This analysis
of variance test is shown in Table VIII. The basic data used in these
calculations are preéeﬂted in Appendix Table I,

TABLE VIII. ANALYSIS OF VARIANCE OF THE MEANS OF THE INDEXED YIELDS OF

NON-INDIAN OWNER-OPERATORS IN THE LOW, MEDIUM AND HIGH
YIELD GROUPS.* ’ ' ’

Source 6f Degrees of Sum of Mean F-Ratio F-Critical

Variance Freedom Squares Square

Among 2 40.89  20.45 30.07 = 5% = 3.28
Groups _ 1% = 5,29
Within 34 23.27  0.68

Groups

Total 36 64.16

¥From data presented in Appendix Table if
Null hypothesis testea@. There are no significant ‘differences in the mean
yields of non-Indian owner-operators in the low, medium and high indexed
yield group. .

The tests show that the null hypothesis must be rejected as the
F-ratio (30.07) is greater than the F=critical values at both levels
useds 5 percent (3.28); 1 percent (5.29). Thus, there are significant
differences among the mean yields of non-Indian owner-operators in the low,
. medium and high indexed yield groups.

The five‘analysis of variance tests above (Tables IV through VIII)
show that there are significant differences among the low, medium and high

thirds of the indexed yields of this sample.
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Analysis of Vaiiance by Cultural and Tenure Groups

The question now arises as to the effect that an individual opera-
tor’'s cultural and tenure positiph«may héve on the level of managg;ial
input he uses. It is interesting to noté the number of Indians (11)
in the low yield group (Tables IV and V). This is 53 percent of all the
Indian operated tracts included in the samples These 11 observations
make up approximately 4l percent of all the observations in the low
indexed yiéid group. There are 26 percent of the non-Indian renters
and 27 percent of ihe non-Indian owner-operators in this group. These
non=Indian'renters; six observations in total, are 22 percent of the

low group; and the non-Indian owneéer-operators; seven observations, are

37 percent of the group. Of the total observations in the sample,

25,9 bercent (21) of them are Indian. This would indicate that the

Indian managerial input is somewhat less than that of the non=Indian

renters and owner-operators (Table IX, and Appendix Tables I and II).

Table IX gives the percentages of the cultural and tenufe groups
that fall into each yield classification (low, medium and high). It
also gives the percentages of the yield classification that a particu-
lar cultural or tenure group makes up. |

The medium yield group includes 50 percent of the non=Indian
owner-operator observations; 22 percent of the non-Indian renters
observations and 26 pgrcentvof the Indian operators (Table IX). In

the low and medium indexed yield classifications there are 52 percent




TABLE IX. PERCENT OF A CULTURAL OR TENURE GROUP IN A YIELD LEVEL CLASSIFICATION AND PERCENT
YIELD LEVEL CLASSIFICATION CONSISTING OF A CULTURAL OR TENURE GROUP,

OF

Indian All Non=Indian Non-=Indian

Non=Indian

Operators Renters Owner-Operators

Percent of cultural or tenure group falling in low
yield classification by thirds of total sample 41 59 22 37
Percent of cultural or tenure group falling in the
medium yield classification by thirds of total sample 26 74 22 52
Percent of cultural or tenure group falling in the
high yield classification by thirds of sample 11 89 41 48

]
Percent of low yield classification by thirds of total “
sample that a cultural or tenure group makes up 53 27 26 27 .
Percent of medium yield classification by thirds of
total sample that a cultural or tenure group makes up 33 33 26 38
Percent of high yield classification by thirds of total
sample that a cultural or tenure group makes up 14 40 48 35
Percent of total observations 26 74 28 46
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of the non-Indian renter observations, 86 percent of the Indian obser-
vations and 65 bercent of the non;Indian owner=-operator observations.
If the managerial input of the three groups are the same, approximately
one-third (33 percent) of the observations of the cultural and tenure
groups should fall into each yield group.

Table IX indiéates this is not the case. .The indication is that
the Indians use a lower management input than the non=Indian- operators
(86 percent of the Indian observations are ip the low and medium yield
groups compared to 60 percent of the‘nonelndian operators). The non-
Indian renter appears to use higher levels of management input as 48
percent of their observations féll in the high yield groub compared to
14 percent for the Indians and 35 percent of the non=Indian owner-
operators. |

. Tests will be run on the observed traptds indexed yields in an
~attempt toldetermine wﬁether there are significant differences (1)
between the tw§ cultural groups,. the Indian and the non=Indian operatorsg
and (2) between the tenure groups; the non-Indian renters and owner-
. operators. Also to be determined is whether there is a éignificant
difference among the three general groups, Indians, non<Indian renters
and non=Indian owner=operators. This gives a cross cultural-tenure
position analysis of the sample.
| The first two comparisons will be made using two different divisions
of each group. The first division will be by thirds of the total popula-

tion using the same yield data as were used in the analysis of the low,
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medium and high thirds of the sample.

The second division of the data is made by taking one=third of the
cultural or tenure group being considered. The low third of the yields
make up the low yield group. The middle third of the yields make up
the medium yield group and the high third of tﬁe vields make up the
high yield group. This division is set up so that comparisons between
the high thirds, medium thirds and low thirds of .the cultural'and tenure
groups may be made. There are no yield levels that must be a{tained
in order to be placed in a yield level group. The vield level group
that a tract is placed in is bésedrupon its’inqexed yield attained in
relation to the other tracts in the cultural or ténure group. In some
cases a tract’s yield level grouping may change as the cultural and
tenure grouping changes. This occurg with the non-Indian operated tracts
in the one=third of cultural or tenure group divisions. Appendik Table
III shows this shifting. Looking at the low one-third of all non-
Indian operators, the highest indexed yield is 2.89 tons. In looking
at the non-Indian renters, the 2.89 yield figure is in the medium yield
group. Also the highest two yields in the medium yield group of the
non=Indian renters shift§ to the high yield group when all non=Indian
operators are considered. The reason for the shifting is that the three

divisions of non-Indian operators are grouped in order (lowest indexed

22/ Low indexed yield from 1.15 T/A to 2.67 T/A
Medium indexed yield from 2.70 T/A to 3.43 T/A
High indexed yield from 3.49 T/A to 7.53 T/A




*34=

yield to highest indexed yields;, and the low oneathird of the indexed
yielés become the low yield group). The middle one=third of the indexed
yields become the medium yield group. The high one-third of the indexed
yields become the high yield group. In several instances the lowest

or highest indexed vields of one grouping of the non-=Indian operators
will fall in a iower or higher yield classification when the grouping

of the tracts are shifted (Appendix Table III).

The comparisons just mentioned will be run, first, by thirds of
the population division, and then by thirds of the cultural or tenure
group.

The first comparison to be made is to see whether there are signifi-
cant differences between the mean indexed yields of the Indian operator
tracts, the non-Indian renter tracts and the non=Indian owner-cperator
tracts (Table X). The data for these comparisons are presented in
_Appendix Table II.

TABLE X. ANALYSIS OF VARIANCE OF THE MEANS OF THE - INDEXED YIELDS OF
_INDIAN OPERATCRS, NON<INDIAN RENTERS AND NON=INDIAN OPERATORS.¥* .

Source of  Degrees of 'Sum of  Mean F-Ratio  F=Critical
Variance - Freedom -  Squares Square , ‘
Among , 2 9.48 4.74 3.49 5% = 3,11
Groups : , : 1% = 4.88
Within 78 106,39 1.36

Groups :

Total 80 115.87

*From data presented in Appendix Table II.

Null hypothesis tested: There are no significant differences between
the mean indexed yields of the Indian, non-Indian renter and non-Indian
owner-operator tracts.
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The F-ratio (3.49) exceeds the F-critical at the 5 percent level
(3.11) but is smaller than the F=critical at the 1 percent level (4.88).
The results mean that the hypothesis must be rejected at the 5 percent
level and accepted at the 1 percént level. This means that there are
significant differences among the mean indexed yields of the Indian;
non-Indian renter and non;Indian owner-operator tracts in this sample.

‘The problem now is to discover where these differences exist.
When they are found between two groups, the groups involved will be
divided by the methods outlined and further comparisons will be made.

The next test is to determine if thexe are significant differences
between cultural groups, that is, differences between the Indian farmers
and the non-Indian farmers, both renter and owner-operators. The data
for this analysis of variance comes from Appendix Table II. The non-
Indian renter and non-Indian owner-operator indexed yields have been
combined. Table XI shows the calculation of the Farafio to be used.

TABLE XI. ANALYSIS OF VARIANCE OF THE MEANS OF THE INDEXED YIELDS OF

THE INDIAN-AND NON=INDIAN OPERATORS,%

Source of ° Degrees of Sum of Mean F=Ratio F=Critical
Variance Freedom Squares Square

Between 1 9.74  9.87 7.37 5% = 3,11
Groups 1% = 4.88
Within 79 106,13 1.34

Groups )

Total 80 115.87

;Efom déta preéented in Appendix Table II.

Null hypothesis tested: There are no significant differences between
the mean yields of the two cultural groups, Indian and non-Indianh
operators, in the sample.
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In this analysis the F-ratio (7.37) is greater than the Fecritical
values, 5 percent (3.11); 1 percent (4.88). Thus we reject the hypo-
thesis fhat the non-Indian farmers and the Indian operators have the
same mean indexed yield. This tellé us that there are differences in
managerial input between different cultural groups.

Does this difference between cultural,gfoupé show up when the low, -
medium énd high indexed yield thirds are compared? Table XII is the
analysis of variance testing the means of the:low yield Indian tracts
and the low yield non-Indian tracts of alfalfa land. The data used in:
these calculations are presented in Appendix Table II.

TABLE XII. ANALYSIS OF VARIANCE OF THE MEANS CF THE IﬁDEXED YIELDé OF

THE INDIAN AND NON-INDIAN OPERATCRS IN THE LOW (BY THIRD OF
SAMPLE) GROUP.# i

Source of Degrees of Sum of Mean F-Ratio F=Critical

Variance Freedom Squares Square

Between 1 0.32 0.32 2,29 5% = 4,21
Groups _ 1% = 7,68
Within 25 3.59 0.14

Groups

Total 26 3.91

*From data presented in Appendix Table II.

Null hypothesis tested: There are no significant differences between

the mean yields of low indexed yields of the two cultural groups, Indians
and non-Indian operators; in the sample.

" In this test the F-critical values, 4.21 at 5 percent and 7.68

at 1 percent, exceed the F-ratio (2.29) and the null hypothesis is accepted.
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Table XIII is the analysis of variance calcglations comparing the
means of the medium indexed yield Indian and non-Indian operators. The
data used in this test are presented in Appendix Table II.

The F-ratio (0.75) is less than the F;critical at both the 5 percent
level (4.21) and at the 1 percent level (7.68). Thus the null hypothesis
is accepted? That is, there are no significant differences in the mean
yields of the. Indian and non-Indian operators in the medium yield group.
TABLE XIIIoI ANALYSIS OF VARIANCE OF THE MEANS OF THE INDEXEb YIELDS OF

THE INDIAN AND NON-INDIAN OPERATCRS IN THE MEDIUM (BY THIRD
OF SAMPLE) GROUP.*

Source of Degrees of Sum of Mean F-=Ratio F=Critical
Variance Freedom Squares Square '
Between 1 0,03 0.03 0.75 5% = 4021
Groups 1% = 7.68
Within 25 0,90 0.04

Groups

Total 26 0.93

#From data presented in Appendix Table II.
‘Null hypothesis tested: There are no significant differences in the
mesn yields of the Indian and non-Indian operators in the medium yield
group.

The analysis of variance calculation for comparing the mean yields.
of the Indian and non-Indian eoperators in the high yield group are shown

in Table XIV. The data for these calculations are presentéd in Appendix

Table II.
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TABLE XIV. ANALYSIS OF VARIANCE OF THE MEANS OF THE INDEXED YIELDS OF
' THE INDIAN AND NON INDIAN OPERATCRS IN THE HIGH (BY THIRD
OF SAMPLE) GROUP¥

Source of Degrees of Sum of Mean F-Ratio F=Critical
Variance Freedom Squares Square

Between 1 0.56 0.56 0.57 5% = 4,21
Groups ‘ . , 1% = 7.68
Within 25 24,60  0.98

Groups

Total - 26 25.16.

*From data presented in Appendix Table II.

Null hypothesis tested: There are no significant differences between
the mean yields of ‘the Indian and non-Indian operators in the high yield
group.

The null hypothesis is accepted in the.test.as the F-ratio (0.57)
is less than the F»britical values which were 4.21 at the 5 percent
level and 7.68 at the 1 percent level.

In the preceeding analysis of variance tests (Tables XI through
XIV), as explained before, the data have been divided by third of sample.
This means that the number of OBsérvationg of" a particular cultural or
tenure group that fall ints a yield level group is determined by the
general level of management of the group. If this is the criterion
used (a tract must have a ;pecified indexed yield level to be placed
in a certain group), then the results‘éf the tests in Tables XI fhrough
XIV are to be expected. There should be no significant difference in
the mean yields of the &ifferedf cultural and tenure groups in the low;.

medium or high-yield classifications with this division of the data.




1) All observations Low==11 Medium==7 High=-4 Indians
Low== 6 Medium=-6 High-=11 Non-Indian Renters
Low=-=10 Medium-14 High-=13 Non-Indian Owner-
Qperators
Low Medium High /\J
2) All non-Indian h\(
operators by thirds (20) (20) (20)
of group ﬁ\l
3) Non-Indian owner- A\J
operators by thirds (12) (13) (12)
of group A\J
4) Non-Indian renters
by thirds of group (7) (8) (8)
5) Indians by thirds
of group (7) (7) (7)
Hh\l 1 2 3 4 5 A\J7
Figure 1. Number of Observations in Yield Groups (Low, Medium and High) for the Two Methods of
Dividing the Sample.

_6€m
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If a comparison of the lowest one-third of the Indian and non-
Indian operators is to be made, it would seem more logical to use the
low’one-third of the indexed yields .of each group, not the Indian and
non-Indian observations falling in the low one=third of sample indexed
yields.

Figure 1 shows the division of the data into iow, medium and high.
indexed yield groups by (1) one-third of sample, and (2) one-third of
cultural or tenure group. In looking at all the non-Indian operators
by one-third of the group, and the Indians by oﬁenthird of the group
in Figure 1, it is evident that the - Indians, as a whole; use a lower
level of management input thén the non-Indian 6peratorsc Table V also
pointed this out.

Tests will nbw be made comparing the means of the indexed yields
-of the low, medium and high one-third of the Indian operated tracts and
the non-Indian operated tracts. Table XV shows the analysis of variance
‘tests compariﬁg the low one-third of the Indian oPerators and the low
one-third of the non-Indian operators. The data used in these calculations
are presented in Appendix Table III.

In this analysis the F-ratio (10.12) is greater than the F-critical
values, 5 percent level (4.24); 1 percent level (7.77). Thus wé reject
the null hypotheses. This means there are significant differences
between the Indian and non-Indian operators when tﬁe low one=thirds

of each group are compared.
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TABLE XV. ANALYSIS OF VARIANCE OF THE MEANS OF THE LOW ONE-THIRD CF
'THE INDEXED YIELDS OF THE INDIAN AND NON-INDIAN OPERATORS¥

Source of Degrees of Sum of Mean F-Ratio F-Critical
Variance Freedom - Squares Square

Between ] 1.72 1.72 10,12 5% = 4.24
Groups 1% = 7.77
Within 25 4.35 0.17

Groups

Total 2 6.07

. ¥From data presented in. Appendix Table III.

Null hypothesis tested: There is no'significant difference in the means
of the low one-third of the indexed yields of the Indian and non-Indian
operators.

The next test made is the analysis of variance of the means of the
medium one-third of Indian and non-Indian operatdré° Table XVI shows
these calculations. The data used in these calculations are presented
in Appendix Table III.

TABLE XVI. .ANALYSIS OF VARIANCE OF THE MEANS OF THE MEDIUM CNE=-THIRD
‘ OF THE INDEXED YIELDS OF THE INDIAN AND NON-INDIAN OPERATCRS¥*

Source of Degrees of Sum of Mean F-Ratio F-Critical
Variance Freedom Squares Square

Between -1 2.67 2.67 29.67 5% = 4024
Groups 1% = 7.77
Within 25 2,20  0.09

Groups

Total 26 4.87

*From data presented in Appendix TableriIIQ

Null hypothesis testeds There is no sighificént difference in the means
of the medium one-third of the indexed yields of the Indian and non-
Indian operators.
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The F-ratio. (29.67) is greater than the F-critical at Soth the
5 percent level (4;24) and the 1 percent level (7.77). Thus the null
hypothesis is rejected, indicating significant differences between the
two groups compared.

The last analysis of. variance test using the cultural group division
will be made comparing the means of the indexed yields of the high one-
third of the Indian and non-Indian operators. The calculations for this-
test are shown in Table XVII. The data used in these calculations are
presented in Appendix Table III.

TABLE XVII. ANALYSIS OF VARIANCE OF THE MEANS OF THE HIGH ONE-THIRD OF
THE INDEXED YIELDS OF THE INDIAN AND NON-INDIAN OPERATCRS#

Source of Degreés of Sum of Mean F-Ratio F=Critical

Variance Freedom Squares Square

Between 1 6.23 6,23 7.33 5% = 4.24
Groups 1% = 7.77
Within 25 21.16 0.85

Groups

Total 26 27.39

#¥From data presented in Appendix Table III.
Null hypothesis tested: There are no significant differences in the
means of the high one-third of the indexed yields of the Indian and non-
- Indian operators.

The tests show that at the 5 percent level the null hypothesis is
‘rejected as the F-critical (4.24) is less than the F-ratio (7.33). At~

the 1 percent level, the null hypothesis is accepted, as the F=-critical

(7.77) is greater than the F-ratio.
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In all three cases the null hypotheses must be rejected at the 5
percent level. That is, there are significant differences between the
mean indexed yields of the Indian and non-Indian operators at all three
yield levels. This indicates that the poorest third of the Indian ope¥a=
tors have a management input less than the poorest third of the non-
Indian operators. The middle third of the Indians have lower management
input than the middle third of the non-Indian operators. The same relation=
" ship holds for the high third of the groups.

This result indicates that, as a group, the Indians are poorer
managers than the non-Indian operators. We can say that, in a general
budget analysis such as the Bureau of Indian Affairs might run, the
Indiéns should be budgeted with an assumed lower level of management
and therefore lower yields than the non-Indian.

The next analysis of variance tests to be made use comparisons
betweeh tenure groups. These tests are made to determine if an operator’s
tenure position has any effect on the management input used by the opera-
tor. For this test non-Indian renter operated and‘nonelndian owner=
operated tracts are used. :The first test to be made compares the mean yields
of all yield levels of non-Indian renters and nen=Indian owner-operators
in the sample. Table XVIII shows this analysié of variance calculation
ﬁeeded in this comparison of the means of those groups. The datahused

in these calculations are presented in Appendix Table II.
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ANALYSIS OF VARIANCE OF THE MEANS OF THE INDEXED YIELDS
OF THE NON-INDIAN RENTERS AND THE NON-~INDIAN OWNER OPERATCRSH

Source of Degrees of °~ Sum of Mean F-Ratio F-Critical
Variance Freedom Squares Square

Between 1 C.18 0.18 0,12 5% = 4,00
Groups ' 1% = 7.08
Within 58 88.18 1,52

Groups

Total 59 88,36

#From data presented in Appendix Table II.

Null hypothesis testeds

There are no significant differences in the means

of the indexed yields of the non-Indian renters and the non-Indian owner-

operators.

Here we must accept the hypothesis that there are no differences

in the mean yields between non-Indian renters and non-Indian owner-

operators. This tells us that the tenure position of the operator has

little effect on the management input of the production process. Since

there are no significant differences between the means of the indexed

yields of all the non-Indian renters and all the non-Indian owner-

operators, there will be'no significant differences between further

division of the groups.

The results of the tests show that there are significant differ-

ences between the two cultural groups. Observations show that the

Indian uses lower management input than the non-Indian operator. There

are significant differences between the low, medium and high thirds of
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the Indians and non-Indian operators, but when taken as thirds of the
population, there are no significant differences between the low, medium
and high Indians and non-=Indians.
The tenure position of the operators seems to make no difference
on the management input of the operator. The tests accept the hypo-
theses that there are no‘significant differences between the mean yields

of the non-Indian renters and the non-Indian owner-operators.




PART IV

'SUMMARY AND CONCLUSIONS

Summary

In a farm budget analysis, it is neceséary to use some level of yield
for the crops considered in making estimates of future production and
farm income. The question ariseé; Qhat yiéld levels should be used in
thevbudget and is this yield level attainable with the managerial ability
present? This study is an attempt to measure the management input; or
managerial ability, of an operator, in quantative terms, by using alfalfa
hay yields.

The area used in this study is the Jocko Valley Division of the
Flathead Indian Reservation Irrigation Project. This irfigation divin
sion was used for several reasons: avéilability of soil survey; large
number'of Indian operators, high percentage of crop land in alfalfa hay
and irrigated tracts in a relatively small area.

To use alfalfa hay yield as a measure of management, the influence
of all factors that are not directly attributable to management are
netted out of the yield. This is accomplished by restraints placed on
age of alfalfa stand and total irrigated acres farmed, by samples ob-
tained from small areas to remove climatic influences and by the use
of the Storie Soil Inde# to remoﬁe so0il variation. The yield, after
these restraints and operations are used, indicate the level of manage-

ment input used on a particular tract in this study.
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- Using the indexed yields, statistical tests are made to determine if
this method reveals significant differences in the_management'input among
different groups of operators as well as within the group of operators.
The saﬁple is divided into tﬁo cultural groups, Indian and non=Indian,
and two tenure groups, renter énd owner=operator, for these tests.

The first series of tests were to determine whether there are signifi-
cant differences between low; medium gnd'high thirds of the tracts in
the sample. This was done both within and between groups. In all cases
significant differences were found. .

The second series of tests were to determine whether there are sig-
nigicant differeﬁces between the cultural groups at the low, medium and
high indexed yield levels by thirds of total sample. Here no significant
differeﬁces were found. | .

The thiid series of tests were to determine whether there are sig-
nificant differences between the cultural groups at the low, medium and
high indexed yield levels by thirds of'the culturél group. In this
series there were found significant differences in all comparisons.

The last series of tests were te determine if there are significant
differences between the two tenure groups. The first test shows no
significant différences between these two'groués.and no further division

of the group was- necessary.
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Conclusions

The';esults of -the statistical tests show that the method-developed
to determine. an operator’s comparative level of mahagément input, does,
in fact, reveal significant differences within, as well as between, the
groups studied. The Indian operators show a lower management input than
do the non=Indian operators. The comparison of Indian and non-Indian
operators at tﬁe low, medium and high indexed yield -levels show this
to be true. |

The comparisoné between low, medium and high level of yields by
thirds of groups show that a division of this nature can be made.and the
general level of management of‘operators be compared in this manner.

The question may be asked as how such a general method of measuring
management input may be of any use in a farm bﬁdget analysis? This
method can be very valuable in this work. The individual farm operator
may have the level of his management input determined in this manner.
This indexed yield can then be compared with a schedule of indexed yields
which represent different levels of management in his area. This schedule
should include indexed yield for the different crops grown in an area
and the indexed'yiélds can then be used as guides for bﬁdgeting differ=
ent crops. In this way, the method developed can be used in the budget
analysis. The yields used will truly represeht the management input

present and will be attainable.




PART V

RECOMMENDAT IONS

The method of measuring differences in managerial ability as developed
in this study does reveal significant differences in levels of manage-
ment among farm operators. It provides a rough guide for estimating
the level of yields attainable for a farm budget with management given
but unspecified as to levelo.

It is felt that this method can give a much'better indicator of
managerial ability by considering several additional factors that can
be expected to influence the result of an operator’s managerial abilit;/o
These factors should be obtained by interviewing the farm operators
that were included in this study and will aid in determing the why
of their yield results.

One important factor that‘should.be studied carefully is the capital
position of the operator. This should be considered to determine whether
a lack of capital might be part of.thé cause of lower yiéld levels, |

A shortage of capital may express itself in the amount of land the
operator has under his control. He may have too little (or too much)
land in relation to his other farm resources, and thereby obtain lower
yields as é result.

The operator's capital position may also affect his ability toA
adopt new technology. If he has too little capital available, the
operator may not be able to acquire néw machines or other new technologi-
cal developments in farming, even though'he would like to do so and has

the ability to handle them.




 =50=

Further, the capifal position of the operator may be influential
through the amount and availability of hired labor on the farm. This
could be noted especially in the timeliness and adequacy of irrigations,
the harvesting of the crop at the proper time, and its removal and storage.

Another area that might be consi@ered (to make the method more
specific with regard to causal factors) is the operator's need for and
use of the crop selected as the indicafor of the level of management.

In this study, alfalfa yields were used as that indicator. However,

one operator may strive for high alfalfa yields simply because his land
and number of livestock force him to pay an extra amount of attention

to that c¢rop. On the other hand, a neighbor may have few livestock

and little use fa roughage other than aé a green manure crop in thé
rotation. Such variations in the need for and use of the'crop taken

as the indicator of management should be accounted for7iq the application
of the method.

Yields may be influenced to some degree by the goals of the farm
operator and his family, by his age and nearness to retirement. These
may all act to affect his willingness to "accept" yields that are lower
than he is capable of producing with the resources he has available.

Additionally, there are ﬁany other factors related to (and possibiy
stemming from) those enumerated above. Specific identification and
study should include such management practices as type and timeliness
of field operations, rotations established, fértilizations (both kinds

of fertilizers used and their quantities), irrigation‘water use, quantity
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and quality of seed, frequency of re-establishing stand, and harvest-
ing methods. - |
If these factors influencing yields are incorporated into the method,
a more accurate and usable measure of management ability and its total
influence on yields can be obtained. The yield projections used in
farm budgets will thus be more meaningful, since the budgetéd yield

levels can be tied to specific management practices.
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APPENDIX A
Model for Analysis of Variance*
1. The observations Yij are (observed values of) random variables

distributed about true means (expected values),

$£ Cied s ., ,.) , which are fixed constants.
/
2. The parameters E; may be expressed as =S H=LCY where
i £ 3 C
2 b
/L( = A=l -
r
s A é i — M

Hence we see that
3. The random variables Yij have a common variance 0 o

4. The Yjj are independently distributed in a multivariate normal

distribution.

*Ostle, op. Cit., p. 240



APPENDIX TABLE I. INDEX YIELD DATA BY INDEXED YIELD LEVELS BASED ON THIRDS OF TOTAL SAMPLE,

Low Yield Medium Yield High Yield
a/ b/ s/ a/ b/ </ a/ b/ s/
I nlr nloo it nlr nloo 1 nlr nloo
1,15 1ed3 1,22 2,97 2,70 2,18 B2 07 3.60 3.49
1.64 2,04 1.65 3,00 2.89 2,89 4,21 8,87 8:57
1.64 2,06 1270 3. 05 2,91 2,99 4,59 3.88 3.63
1.64 2.25 1.84 3,09 3.21 302 4,00 3. 72
Ve T2 Pl 1.86 3.24 327 3,07 4,15 3.79
1.73 2,34 2.22 3.36 331 3:.07 4,32 4,04
1,98 2,39 3.43 3.08 4,75 4,15
1.99 2,41 3515 4,76 4,21
1.99 2:50 3.25 4,76 4,48
2,15 2,67 3.25 4,81 5,78
2,61 3.28 5.19 5.98
3.28 6.56
3.33 753
3:33
$X20.24 12,69 20,46 22,14 18.29 43,77 12,37 48,09 60,93
>x38.62 27,09 43.77 70,22 56,06 187.22 51.54 212.88 306,55
>2X%53.39 84,20 12]..39
$5X109.48 263,50 570,92
$32X258,.98
SS5X943.90

a/ 1 - Indian
b/ nlIr - Non-Indian Renter
¢/ nloo - Non-Indian Owner-Operator

g XIaN3ddy
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APPENDIX TABLE ITI:

INDEXED YIELD DATA BY CULTURAL AND TENURE GROUPS BASED ON

THIRDS OF TOTAL SAMPLE.

Indian Non=Indian Renters Non=Indian Owner-Operator
Low Medium High Low Medium High Low Medium High
101D 8397 ¢ 8D 173 “ 2,76 - 3,60 1,022 23078 13549
1.64 3,00 4,21 2:04 % ~2.89 . 3,87 1.65 2,89 = 3,97
1464 . 3,05 4,59 2.06 " 2,91 - 3.88 1,70 2,99 3.63
.64 3.09 2,25 3.21 4.00 1,841 8,02 "'3.72
1.72 3,24 2.27 % 3.27 . 4.15 1.86 . 3.07 3.79
1.73 3,36 2,34 3,31 4.32 2,22 3,07 . 4,04
1.98 - 3.43 4,75 2.39  '3.08  4.,1b
1.99 4,76 2,41 3415 - 4,21
1.99 4,76 2.50. 3,25 . 4,48
2,15 4,81 2,67 -~ i13.,26- B 78
2,61 5.19 3.28 5,98
3.28. 6,56
3:33 - 753
3.33
=X; 20,24 22,14 12,37 12,69 18,29 48,09 20,46 43,77 60,93
ZX? 38,62 70,22 51,54 27,09 56,06 212,83 43,77 137,22 306,55
SIX 54.75 79.07 125,16
S Sx%160.38 295,98 487,54
>33X,258,98
S S3x2943.90
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