UTILIZATION OF PASTURE RESOURCES IN VIRGINIA
by
Shirley Hnrrisanlgnxt-t
Thesis submitted to ;hn Graduate Faculty of the
Virginia Polytechnic Imstitute
in candidacy for the dagree of
MASTER OF SCIENCE
in
Agricultural Economics

APPROVED: APPROVED: i

ey ¢ = W - ok o
Director of Graduate Studies o~ u.aziaf‘nuygrtu-gﬁ

i M mosssivacsin st e Moy
Dean of Agriculture C7§u9nrviﬂet or Mgjor Professor

1957
Blacksburg, Virginia



-2 .

TABLE OF CONTENTS

. Page
mmm " FMW“ mmms m vmmm..".'.'..‘..l".‘Q.' g

The Background of the Problem.cccessecscsescscosssossvsscces 9
REVIEW OF THE LITERATURE .cccevocsvesvescsscovasssvvcsenssaccssnes L&
OBJECTIVES OF THE STUDY.oeeovcvsovessovsesssscsccscasccscscconsss 20
SOURCE OF DATA,csvevsvcevscoscvsncscssscsacsccsssvasacsscsassccss 421
PROCEDURE FOR THE INVESTICATION,.ccecceceevsssscsscoscssesoncnsns 22

A Simplified Theoretical Model of the Beef Cattle-Pasture

motoouo.a-oooct-cc--tpocovcotnno‘.'aio-ov-cooono.oo 22

Hodel of the Production Function for Beef Produced om

?“tuutI0’0.'l.“l.‘i".!!‘....‘...00.‘O.Q"."Oﬁ".l". 2#

Some Considerations im the Cholce of a Measure of Pasture
mwtm.lQ..OQ-0.000.'.O'O‘OC.DO0.0'0000'000.00.t."ﬁ' 27

Measure uUSed..ccevscscavsscccssosesvsssccasosesarvsoane 27

Other MEeaBUreB.ccsvecocvsescsscsncsssssssssssvacsscvcens S0
Sub-Bampling TechniqQuUe.ccosssvecvcrrsonscccscosscncnssosseses I3

THE ANALYTICAL PROCEDURE .ccsevococsscacsvcsssvssscscssossnssssnse 92
The Preliminary Analy8i®..ccevecoccsvssecssvosccncvcoensanes 2

The Models for Linear RegresSsiof.....vscescecscssssscsccccss 99
Choice of "Independent Variables"” for Regression Analysis... 61
RESULTS OF THE ANALYSIS..cccccesnvscsevcsscosocsscccssccscosassse Of

The Estimated Effect of Selected Factors on Carrying
c‘mlty °£ mr“m !“tum'QQ..ICQ0.0‘.0000..‘00‘..‘.00 64

Variation in Carrying Capacity Explained by Regressiom...... 75
‘vﬁu:m ot mul“'..0'.‘!..0.0I.‘C.‘Q‘.itl&."'.'ﬁ"‘l'. 92

ami.‘.".ldﬁﬁ.iﬁ...it'.i"l"..'.........".OQIOOOQOQQIO.QOO 113

mm‘....0.t.Q.O.'O’.l..l!‘l.“..".'!CC...Q'.‘.QU.Q. 115



TABLE OF CONTENTS (Cent.)
‘mlmm.....b'..‘."...OO...C.O"O‘CO.‘.C....0.'0'..“.0..0. 116

vIuO'..il.‘.C'I...C"O.Q.Ol...0..'.'.0.‘..‘.l.‘.l..".'....’.... 118



LIST OF TABLES

Bumber

1.

2.

3.

4,

5.

6.

Distribution of Farmers According to tha Rate of Stocking
and the Percentage of Additional Stock that Could have
Been Pastured, Ly Crop Reporting Distriets, Virginia,

1951‘*""0""‘9"0.....i”Qll"Qﬁ'ﬂ&"!ﬂ‘t’ﬂ‘!i.&0"0#".'

Number of Farms Reporting Livestock of Various Kinds, by
cm meg MSWts, Vitg;&uia, 1950 cessnccnrssnsnnnnns

Distribution of Farms Showing Mumber of Different Types
of Pastures, Vizginia, lgsla«act:nntcginwo-qan:oa.‘upottour

Distribution of Farms With One Pasture of Economic
mw to vitmia; 1951 crsonsosscansasosrnsesnsennsies

Estimated Nuzler of Animal Units Per 100 Acves of Land in
Farmg According to Species by Crop Reporting Districts,
vugm, 1&51&!i."i"l.'.'!Q*QJQQQQCQQi.'ﬂ".l!!'i‘tt.’d’

Test of Additivity, Analysis of Variamce and Transformation
for Means of y Qlodel One) by Selected Areas and Types of

s e o PP

Transformation to the Square Root of the Means (V™ 7 Jerse
Transformation to the log of the Means Plus Tem

[ mwzo)]ntnocoou.nﬁcowoatoatoiptaaobotﬁtwqonno'uotaﬁtbnt

Regression Coefficients for Mpdel One on Blue Grass and
Whige Clover BT s son s o s s st sa e st sEbasssressnrossasssns

Regression Coefficients for Model Cne on Blue Grass and
maﬂ PaBlul@,.ovesessoncsosvsssssevosesosssovsonssionss

Regression Coefficients for lModel One on Orchard Grass
and Lospedena PaStur@icsivsressevsssvevssosasssssssnsonasens

Regression Coefficients for Model Qne on Ovchard Grass
md m cm ?“Mﬂ B SBREBFBS B LS INIRRBICERV ISR ERNO SRS

Regression Coefficients for Model Twe on Blue Grass and
WhALE Clover Dol UG ceesovesness st st assssososoesrssussss

Regression Coefficients for Model Twg on Blue Grass and
Lo8padana PastulC.iscssssssocsarsssnvcorsnsonsnnssosasasssss

Regression Cosfficients for Model Twe om Ovchard Grass
and L’W P U D s s e v s 000004 6B BB R NG R I VPRI IETRERIO RS

Page

29

37

42

37

63

67

69

70

71



“«5 e

LIST OF TABLES (Cont.)

Humber
8d. Regression Coefficients for }odel Twe on Orchard Grass
and Ladino Clover Pastur@.cececevsssvsssvvssnvacnssassanssss
9a. Progressive R’'s for Model One on Blue Grass and White
Clover PastulB.scessssevovsscssvesssseessnsosanassosnsaennsd
9. Progressive »?'s for Model One on Blue Grass and Lespedeza

9d.,

10a.

10b,

10e.

104.

1la.

11b.

ile,

ild.

PO e 00 s s 000000 s0Rernses s ssluaereaicessssntossosbnsssy

Progressive R>'s for Model One on Orchard Grass and
lLespedaza PasStur@esvsssecscrssssssossvnsrnsssssssssssnsnoss

Progressive kz'n for Model One on Orchard Grass and Ladino
ClOVEE PO L B s erer oot eeesssnesssassrascsssosstsesesssasnn

Progressive R”'s for Model Two on Blue Grass and White
ClovEr PaBU . sansrearresserssosssssssrsssssssssssesssesss

Progressive R%'s for Model Two on Blue Grass and Lespedeza

PO R e s s s e v st s e s s e s e v s s as N aNenuEssserssntiasssRaness

Progressive r%'s for Model Two on Orchard Grass and
Lespedeza PasturC..cvssevosressssascasssscnssssesssesssssns

Pmmstwaz'- for Model Two on Orchard Grass and
Lading Clover Pastul@.cscesvcosorsosescssssnssnsanssesssnsas

Percentage of Total Veriation in Carrying Capacity for

Model Une on Blue Grass and White Clover Pasture Explained

by Selected FactorBesseccesccnnssarsossnssnsencsosnansssnssn

Percentage of Total Variation in Carrying Capacity for
gne on Blue Grass and Lespedesa Pasture Explained
by Selected FackorBeccssescevsscessssssssscscessnssscacsnes

Percentage of Total Variation in Carrying Capacity for
fne on Orchard Grass and Lespedeza Pasture Explained
by ”mm ’wm.*t0'.!000'!Dl*.&‘.‘ﬁ'ﬁl‘O#Q’QOCIQ’I!Q*'

Percentage of Total Variation in Carrying Capaecity for
Model One on Orchard Grass and Ladino Clover Pasture
Explained by Selected FactorSccescscoscosssesssosssssorvoce

Percentage of Total Variation in Carrying Capacity for
Two on Blue Grass and White Clover Pasture by

S0lectod FaCtOrBesvssnccsnrsncsssrssennssocsasasssasesssnns

Page

72

76

77

78

79

80

81

82

83

83

86

87



12b,

12¢.

124.

13a.

13b,

15a.

15b.

15¢,

w -

LIST OF TABLES (Cont.)

Percentage of Total Variation in Carvying Capacity for
Hodel Two on Blue Grass and Lespedeza Pasture by Selected

rwmﬁ"#lﬁiﬂ0‘.00100.‘.0‘0"'0""‘Qﬁ‘."Q’Q."'.&O‘COQ’

Percentage of Total Variation in Carrying Capacity for
Iwe on Orchard Grass and lLespedeza Pasture by
“ m rwm‘illttiﬂOll’ﬂ’.‘.“ﬁ““.”l.Ot‘.'..'i""‘

Percentage of Total Variation in Carvying Capacity for
Model on Orchard Grass and Ladino Clover Pasture by

Selec T LU

Significant Percentage Point Distribution of F for the
Total Regression Model One ¥ Unadjustedeecesecncccasescsnne

Significant Percentage Point Distribution of F for the
Total Wiw Mm ¥ Mmt‘d’coontﬁ.tttuaocot«coaoo

Significant Pevcentage Point Distribution of F for the
Independent Variables b; in Model One on Blue Grass and
White Clover Pastul@.ceseesesosssosnsssnsssscsssssscnsssnsse

Significant Percentage Point Distrilution of ¥ for the

Indépendent Variables b; in Model One on Blue Grass and
wm PAOCULCesscsssssssrssrsssnsssssesnsvosssssecsssss

Significant Percentage Point Distribution of ¥ for the
independent Variables by im lModel One Orchard Grass and
Lespedoza PasStul@.cecessccrssnvsosnsnessscovsossssnossssssses

Significant Percentage Point Distribution of ¥ for the
Independent Variables b, in Model One on Orchard Grass
and Ladine Clover Pas Boeovssrssvssascsssssosovevennssnss

Significant Percentage Point Distribution of ¥ for the
Independent Veriables b; in Model Two on Blue Grass and
White Clover Pastul@eceescrsressnnnnsssssesonnssrsnssnnnnss

Significant Percentage Point Distribution of F for the
Independent Variables b; in Model Two on Blue Grass and
m& PUBLUYCesesssvvvrasssssssvsssnonsssansensssssnsns

Significant Percemtage Point Distribution of F for the
Independent Variables b; in lModel Two on Orchard Grass
and Lospedeza PastulB.vsscecsesssssssossnsovsavevassssnanns

Page

&9

91

23

95

95

97

97



i6a.

16b.

-16d.

i7a.

17b.

17e.

i7d.

19.

20a.
20b.
21,
22,

‘7ﬂ

LIST OF TABLES (Cont.)

Significant Peveemtage Polint Distribution of F for the
Independent Variables b; in odel Two oa Orchard Grass
and Lading Clover PastulS.esesssseessnssrsrssnoressnnssinsss

Significant Percentage Point Distribution of the t Test
of Hytby = U on }Model One on Blue Grass and White Clover

o PP

Significant Percentage Point Distribution of the t Test
of Hyiby = O on lModel Ong on Blue Grass and Lespedeszs

?“:ﬁt‘h‘,l“l!l‘.“QQQQ"..O"'Q#!Q"Q.“‘"'Q.Ol.ﬁ‘ﬁ""

Significant Percentage Point Distribution of the ¢ Test
for Hy:by 2 O on jodal One on Orchard Grass and Lespedesa
P

. FUERPERIV ATV I RO SR BB IBR PRI PR P ERIAR SRR AR NEBEERE S
Significant Percentage Point Distribution of the ¢t Test
for H,:by z O on Model Ong on Orchard Grass and Ladino
clﬂVQI ?a‘tn’ﬂttDQQDQt!Q!QOQO*‘!OC#%'*‘QQOOQ'OOOOS)Q#'l‘i
Significant Percentage Point Distribution of the t Test
for Hyiby £ 0 on JModel Two on Blue Grass and White Clover

g T T T

Significant Percentage Point Distribution of the ¢ Test
for Hyiby = O on Model Two on Blue Grass and Lespedeza

b T T

Significant Percentage Point Distribution of the t Test
for Hyib; = O on Modsl Two on Orchard Crass and Lespedeza

PO e s e s e r s 985 E R RIS 0N RNES UL RB SIS RSB REEUOPINOEDRERES

Significant Percentuge Point Distribution of the t Test
for H,:by = 0 on Model Two on Orchard ¢rass and Ladino
Qzﬂﬂﬁg ?a‘tu:‘hlﬂtO.QQ'CGQQ‘Q.'9'000’!0'."»00"'09"..6

Significance lLevel of t Test that B saj mbi that are
Statistically Significant in w SEATEREAIEOIIIERRES

Significance Level of t Test that By = B; for by that are
smmmty Significant mm SESPERENINIIRORERS

Recommended levels of Pasture Fertilizmation, Virginia, 1951
Reconmended Levels of Pasture Fertilizatiom, Virginia, 1957
Significant Regression Coefficients for Model One...sses
Significant Regression Coefficients for Model TWO.sevese

Page

100

103

101

i02

102

103

107

108
109
110
i1
112



LIST OF ILLUSTRATIONS

Figure

i.

2.

3.

e

3.

6.

7s

8.

9.

il.

Average Carrying Capacity of Supplemental Pasture Per
Acre for Farms Reporting Selected Type of Permanent
Pasture, Virginia, 1951.sscsvencssncuscscssosnsonconsnscnns

Avervage Caryying Capacity of Selected Permanent Pastures
Adjusted to Reflect Additional Cattle That Could Have Been
Qrmd, if Ay, In Acres Per Animal Unit, Virginia, 1951...

Betimated Number of Animal Units Per 100 Acres of Land In

Farms According to Species by Crop Reporting Districts,
m@u; 1:951“..ODQOit.'.00'0’OOCCG’GQCQDOQGOD.Qtﬂ’#'Oﬁﬂ‘i

Acres of Permanent Pasture Per Farm for Farms
Only One Type of Permanent Pasture, Virginia, 1951...0cvees

Average Carvying Capacity in Acres Per Animal Unit for
Selected Permanent Pastures, Virginia, 1951.ccvscenccccsees

pistribution of Farmers According to the Pounds of Lime
Normally Applied to Permanent Pastures, by Cvop Reporting
m‘mﬁ“’ virsmg ;951..0'!(."6'.10‘&ﬁ't‘l'.""t'.""

Distribution of Farmers According to the Pounds of
Fertilizer Nermally Applied to Permanent Pastures, by Crop
Reporting Districts, Virginia, 1951.ceecevvorsvecssccnnsnss

Pounds of Lime Hormally Applied Per Acve va Selected
Pastures, Virginia, 1951 csvnncsnnsvncssssvcccacnscsosennses

Pounds of Nitrogen Normally Applied Per Acre on Selected
l’“m, ?i!tiid‘, 1”10«:0&!*&&Qt&ﬁ«‘t'&.ncc&otnno&;tt#.o

Pounds of Phosphorus Normally Applied Per Acre on Belected
Pastures, Virginida, 195)l.ccececcncssncsvccscocssonvcnvensse

Pounds of Potassium Normally Applied Per Acre on Selected
Pastures, Virginda, 195).cveevecoessvnccnsnsscnsnccnensonse

Tage

31

32

335

39

&7

31



-9 -

UTILIZATION OF PASTURE RESOURCES IN VIRGINIA

This study is based on the hypothesis that the intensity of
livestock enterprise being used is dependent upon the pasture
management practices om that particular farm, Prior to this study
very little, if any, empirical information was availsble pertaining
to the interdependency of livestock intemsity, type of pasture and
fertility practices,

it is generally accepted from an economic standpoint that the
management of each firm, insofar as available knowledge permits, will
act in such a way as to maximize profites over time., Before any farmer
can teke rational action to change his enterprise combinations teo
maximize profits, he must have some estimate of the physical production
functions involved so that he may estimate the consequences of the
proposed changes., This study is an attempt to estimate the relation-
ship between kinds of pasture and fertilizer practices, and the
intensity of certain specified types of livestock enterprises
existing at the time of the study. The influences of supplemental
pasture and size of operation are also considered.

The Background of the Problem
The increasing importance of livestock has had a profound
influencé on the agricultural economy of the Southeast. Since World
War II this trend has been particularly evident in Virginia in the

e

swing to beef catile, especially in the ecastern and central part of
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the scate.l In 1955 the sale of cattie and calves returned over 46
million dollars to Virginia farmers and 3 2/3 million dollars were
received from the sale of sheep and 1apbs.2

The level of living for more and more farm people is becoming
dependent upon efficient use and management of pasture resources.
Research in the last few years has led many people to believe that
increased returns could be received from these resources through
better management. New Species of grasses and legumes have been
developed, New high-yielding varieties have appeared and techniques
of production have been improved giving increased yields per unit
oi input. However, the reaction of some farmers to the new pasture
developments has been disappointing to many people., Many farmers
have made little changes in their program of pasture management., Of
course, there are many reasons for this but perhaps one of the most
important is lachk ol informatiom.

Although many farmers wmay not have proper knowledge of the
increagsed yields to expect from the new management practices, even
fewer have information on costs and returns of improved pasture since

education has tended to emphasize mainly the agronomic and physical

lThe 1954 census of agriculture indicates a 31.67 increase in the
number of cattle and calves sold alive by Virginia farmers and an
increase of 11.5% in the number of sheep and lambs sold during the
five years from 1949 to 1954,

ZBalod on latest estimates available from the Virginia Department
of Agricultural crop reporting service.
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aspects of pasture and pasture development, These changing conditions
impose problems for which farmers must have answers.

Farmers need many k.nds of information if they are to determine a
profitable level of pasture production. Because of limited research
fundes and other resources, experimental findings usually apply only to
a few restricted soil conditions. But what is a farmer who has several
types of soil to do? How much land should he allocate to pasture crops?
What combination of grasses and/or legumes should he use? How much is
he justified in spending on labor, fertilizer, etc., to increase yields?
What level of production can he expect from various pasture combinations?
Are some pastures less risky than others?

In view of the increasing importance of livestock in Virginia and
the severe lack of available knowledge concerning the economics of
pasture management and improvement, this study is designed as an
exploratory venture with the expectation that it will provide information
upon which adaquate cost-price studies may be made, as well as
techniques for developing that information. This, then, is in no way
a duplication of studies that have been undertaken previously, but
a supplementary or complementary study designed to yield additional

information heretofore unavailable.
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REVIEW OF THE LITERATURE

The Southern Cooperative work in livestock marketing (research
project SM-7) has contributed most to our knowledge of the livestock
enterprise in Virginia and the surrounding states, The publtcationl
by this group is by far the most complete analysis avsilable and is
based on a sample survey of an extremely large number of farms within
the area. Although this survey was initiated primarily for the
purpose of collecting information on livestock marketing practices
of producers, some of the regional findings are relevant to the present
study. Johnson cites the need for more stable earnings and improved
returns in livestock production to attract additional capital to the
‘Southern livestock industry and to provide more efficient production

2 This would help to provide a more stable economy for

3

and marketing.
the South, The Regional group also comments™ on the feeding practices
employed in the area, "More than three~fourths of the producers
selling slaughter cattle in the region im 1950 marketed them, ‘off
grass'. Although some grain or other concentrates may have been fed
in limited amounts, producers depended pringrily upon grass for
finishing the animals.," The proportion of farms selling slaughter

cattle finished on grass varied from 667% in the coastal plain to 77%

| lJack D. Johnson, Livestock Marketing in the Southerm Region,
Southern Cooperative Series Bulletin 26, p. 1-101, July, 1952.
21bid, p. 5

31bid, p. 68



in the mountain and valley to 83% in the Pledmont area of the State.
The percentages of slaughter lambs finished on grass were: 91% for the
Piedmont area, 937 for the mountain and valley and 96% for the coastal
plain,

For several years, a research program at the Northerm Virginia
Pasture Research Station has been under way dealing with forage crop
production and utilization problems associated with beef and dairy
cattle. Many experiments on fertilization, liming and other manage-
ment practices are under way. In the 1957 report of the Middleburg
Station, Bxyantl. et al cite the possibility and desirability for
individual farmers to increase profits by changing their production
techniques. They cite feed cost as accounting for about 75% of the
total cost of producing commercial beef cattle and sheep. Most of the
present report of the Northerm Virginia Pasture Research Statiom deals
with utilization of silage and hay crops with very little information
on pasture and no economic interpretation of the data is attempted.

Several state experiment stations have published bulletins on
response to fertilizer at specific levels for specific forage crops.
However, the worth of this data in a costeprice study has been

questioned by the North-central farm management research cmittu.z

lu.T. Bryant, The 7th Aunual School of the Northern Virginia
Pasture Research Station, Forage Crops Report No. 7 Beef from Forage

Edition, pp. 311-12, February 26-27, 1957.

26.1.. Johnson and L.S. Hardin, et al, Economics of Forage
Evaluation, North Central Regional Publication No. 48, pp. %.‘5',
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A price on forage is needed in deciding what combination of
feeds meet nutritional needs at lowest cost., And forage must be
priced if we are to do enterprise cost production work. . .

Worth of the quantities of forage produced in experimental
work with crops needs to be established. As new seeding mixtures,
different rates of fertilization and different cultural practices
such as irrigation or pasture renovation are tried, the changes in
production which result must be matched against the cost. . .

Most farmers need a value on forage as an gid in deciding
whether to expand, contract or leave unchanged their forage
acreage.

While citing the extreme difficulties in forage evaluation, the
comnitteel points out the need for such an evaluation to accomplish
the following objectives: (1) to price forage as an input in feeding
trials with animals or in farm management cost of production work,
(2) to price forage outputs in agronomic experiments, (3) to decide
what acreage of forage to produce on a particular farm when other crops
such as corn might be produced. 1In discussing the recent shift to
beef cattle in Mississippi, Tramel and Parvinz cite the need for
information concerning resources needed, recommended management
practices and the production that can be expected.

Earl 0. Heady,3 in his study of the productivity and income of

labor and capital in relationship to conservation farming, cites the

lrbid, pp. 1-20

27.E. Tramel and D.W. Parvin, An Economic Appraisal of Beef Cattle
Production in Northeast and East Central Mississippi, Mississippi,
Agricultural Experiment Station, Bulletin 497, pp. 5-8

36.0. Heady, Productivity and Income of Labor and Capital on Marshall
Silt Loam Farms in Relation to Conservation Farming, Iowa Agricultural

Experiment Station, Research Bulletin 401, p.510, October, 1953,




“ 15 =«

impossibility of meaningful economic analysis of a single productive
resource considered apart from all others. The returns from a resource
and the mamner in which it would be used depends on the quantity of
other resources with which it is combined.

In discussing ways of reducing dairy costs on southern Michigan
farms, Hoglund and w:'ightl suggest that improved forage production is
one of the most promising possibilities for reducing costs, but one
which has received the least attention, They state that the production
of feed nutrients could be increased by about 407 through a better
choice of crops and the use of improved cultural practices.

Probably the greatest contribution to the increased knowledge
of the economic efficiency of pasture production and improvement was
made by Heady, Olson and Scholl.? They recognize quite clearly that
recommendations to farmers on pasture improvement cannot be made in
a blanket manner, but must be conditioned to the capital and managerial
conditions faced by each individual operator; since different optima
conditions exist for each farmer depending on these factors. The
fundamental principles of ecogoniec should be developed in such a way
8o that they may be used in determining the best pasture management

plan for any given farm.

1c «R. Hoglund and K.T. Wright, nndn%ggg Dairy Costs on Michigan
Farms, Michigan Agricultural Experiment Station, Special Bulletin 376,
PP. 5-7 & 9-20, May, 1952.

2g.0. Heady, R.R. Olson and J.M, Schcll, Economic Efficiency in

Pasture Production and Improvement in Southern Iowa, Iowa Agricultural
Experiment Station, Research Bulletin 419, p. 189, December, 1954.




016-

Heady, et all begin their discussion with the exceptional
situation of a farwer with: (1) unlimited capital, (2) complete
information, and (3) a period of time so short that income is not
discounted to allow for this time factor. This unrealistic set of
restrictions which is a situation approximated only by a few farmers,
is used as a springboard for the development of a more likely situation.
They justify the use of this approach on the argument that agronomic
and other physical research is customarily interpreted and presented
within this framework.

In the first case discussed which supposes that a farmer is
producing only pasture crops or is concerned only with decisions in
regard to pasture crops, two different types of information are
necessary; First, the ratio of the price for the improved resource or
material to the price of the livestock product being produced for sale.
Second, the ratio of the physical increase in marketable products from
pasture to the physical increase in input of improved resource or material.
Under this set of conditions, profits from pasture improvements are at
a maximum when the change in output multiplied by the per-unit price of
the product is just equal to the change in input of the improved
material multiplied by the unit price of the improved msu:ial.z While

no profit would be made from this last unit of improvement, any smaller

libid, p. 191

2m: is an illustration of the marginal value product analysis
and may be stated symbolically as follows:

b

Where: A = "a change in" L = the amount of livestock product produced
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or larger amount of improvement would always provide less proiir..l

The second case assumes a farmer: (1) with unlimited capital and
(2) complete information, who is concerned with pasture improvements
involving ti.m.2 Since such improvements usually involve investments
extending beyond one year this is a more realistic situation than the
one previously described. In this case the income to be derived in
the future from the improvement must be cowpared with that of
alternative investments at the present time. Or stated another way,

returns of the future must be discounted back to the present and

from pasture.
R = the quantity of improvement resource material,
Py = the price (or cost) per-unit of improvement resources.
Py = the per-unit price of the livestock products.

For a more complete discussion of this concept see George J.

Stigler's The Theory of Price, Macmillan Company, New York, chapter 13,
1947.

ll‘!lu reason for. . .[ this] is fairly obvious: warginal cost is
the amount an additional unit of ocutput adds to total cost; price is
the amovat it adds to total receipts. As long as price exceeds marginal
cost, the enterpreneur will expand output, since then he will be adding
more to total receipts than to total costs. When marginal costs
exceed price, he will contract output, for then he will be reducing
total receipts less than he reduces total cost.' =« ibid p. 157

Ay A
R Expressed as a derivative indicates the changes in output
for any infinitely small changes in improvement resource. Therefore,
any quantity of improvement less than that expressed in the condition

.%..;: = .;E would not maximize profits.
1

For a complete mathematical treatment of the subject see Gerhard

Tintner's Ma s and ics £ sts, Rinehart & Company
1954, p. 175.

2‘!1%0 third restriction of the previous case has now been
relaxed.
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compared with the costs involved.1

The third case considers a farmer with limited capital.2 complete
information and pasture improvement involving a period of time. This
is a much more realistic situation. Here again only a slight modifie
cation in our original equation is involved. In case two which assumes
unlimited capital, the price was discounted at the market rate. But in
the third case where capital is limited, the relevant discount rate is
the rate equal to the maximum return from any altermative investment
possible for that amount of money during the time period under
consideration.

Two other considerations are relevant to the discussion of rational
decisions concerning pasture improvement: First, an investment in the

present time must be based on expected return in the future. In this

iThe present value per unit of livestock product (PV,) has now
replaced the per unit price of livestock product (P;) in Ehe analysis
of marginal value product illustrated in the previous case to give:

LL . Pr
LR TW,

The present value of a future income may be determined by:

PV _ Future Income
= (1 + )i

Where:

r 2 rate of interest

i = number of years before the future income will be received.

The market interest rate is the proper discounting level for a
farmer with unlimited capital because funds if rot invested in pasture
improvement could be loaned at the prevailing rate of interest. Thus
if the market rate of interest is 6% them §$106 forthcoming one year
from now would have a present value of only $100.

2Thc first restriction of the two rrevious cases has now been
relaxed.,
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manner uncertainty is introduced and discounting may be increased not
only because of time consideration, but also because of risk. The
amount of discounting will depend on the individual, his capital
structure, his required safety margin, his expectations of future
prices, yields and many other factors. Second, there is little
incentive to improve pastures on some farms with much land unsuited
for crops where production of forage is in excess of present use. This
condition could be due to lack of capital to secure sufficient live-

stock or other reasons.
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OBJECTIVES OF THE STUDY

The mejor objective of this study is to provide basic input-
output data which may be used to bridge the gap between what farmers
in a particular area are doing, in the way of pasture management, and
what it would pay them te do. The study provides a preliminary analysis
of how farmers actually utilize their pastures and the levels of
certain specified resources now in use. Also some indications of
inefficiency in the use of pasture resources may be reflected by the
smdy.l Upon this basic information cost price data can be applied
to assist farmers or professional workers to make rational decisions
concerning profitable pasture management practices.

Specifically, the study sets out to answer these four questions:

(1) What factors, over which the farmer can exercise some control,
influence carrying capacity of pasture in Virginial?

(2) What differences in carrying capacity exist between different
areas of the State?

(3) What differences in carrying capacity exist between different
types of pasture within the same area of the State?

(4) How can carrying capacity be predicted under specified farm
conditions?

1?0:' example, the farmer with very limited capital who could not
use all the pasture he presently produces would be irratiomal if he
applied more of his scarce capital to obtain additional fertilizer
inputs which could not be utilized.

2this question is not concerned with theory where one facter may
be considered at a time, but with actual practice under farm conditions
where several factors are varied at the same time.
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SOURCE OF DATA
The basic information upon which this study is based was clbtained
through personal interviews with a sample of livestock yro&ncersl in
Virginia during April, 1951.
The state was stratified into three geographic areas: Coastal
Plain, Piedwmont and Mountain and Valley. Samples were drawn from

each ares of the :tata.z

The sample of livestock producers was drawn
using selected counties as primary sampling units and area segments,
as delineated in the Master Sample of Agriculture, as secondary
sampling units.? Within selected segments livestock producers who

sold livestock during the previous years were intﬁrvlewed.a

lrhese data were collected as part of Virginia Agricultural
Experiment Station Research Project No., 8217. The survey was conducted
under the supervision of project leader, Jack D. Johnson, associate
professor of Agricultural Economics, Virginia Polytechnic Institute.

2The basic survey design for this study was prepared by A.L.
Finkner, Department of Experimental Statistics and Statistical
Laboratory, North Carolina State College.

3por analysis of alternative survey sample designs as well as a
more technical discussion of the design used in this study see Emil
H, Jabe, Estimation for Sub-Sampling Designs Employing the County as
a Primary Sampling Unit, Journal of the American Statistical Association
Vol. 47, March, 1952.

ﬁThs sampling procedure employed is given in more detail in Jack
D. Johnson, Livestock Marketing in the Southern Region, Southern
Cooperativa $~rios Bulletin 26, July, 1952.
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PROCEDURE FOR THE INVESTICATION

The procedure is based upon several theoretical considerations,
The theoretical framework for developing the solution to the problem
is developed in the first part of this section. Later the procedures
that were actually used are discussed, and in case of deviations from
the optimum solution the reasons for these changes are given. For
example, limitations of facilities for analysis completely precluded
the use of any curvilimear regression although this procedure would
undoubtedly have been an improvement over the linear wodel that was
used if the lengthy computations involved had mot prevented its use.

A Simplified Theoretical Model of the Beef
Cattle~Pasture Economy

Beef cattle are produced by several thousand farmers no one of
whom controls a significant proportion of the total ocutput. Moreover
the various outputs are reduced to standard specifications or grades
and are viewed as identical by all buyers.! The markets for beef
cattle then reasonsbly approximates purely competitive conditions .z

Under pure competition there are so many firms selling in any
given market that no individual firm can influence the selling price
of the product it produces. The price is determined independently of
the action of any one f£irm.

lgome would argue that this condition ies only appronimated due
to inefficiences in the grading system that prevent a completely
standardized product.

2201' further discussion of pure competition see Joe 8. Bain's
Price Theory, Henry Holt & Company, New York, 1952, p. 128.
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Under these conditions a firm producing good grade beef, denoted
by Y, and using only two factors of production, say land (1) and seed

(8), would obtain the following profit:

- . . 1
mI YR - 1B -8B

Where: 7 2 profit of the firm
Y = amount of beef produced
1 = gmount of land
8 = amount of seed
Py = price of beef produced
Pl = price of land use’
Pg = price of seed

Profit,y , has to be maximized subject to the production fumection,

Y = f(1,8), therefore the solution is determined from the following:

r'y (Ygl")
r} (Y,1,8)
Fg m»lo‘)S’Ps“)\.fﬁgo

‘Pl*)\flco

"

Y = f (1,s)
Where: ) is a Lagrange multiplier
This much simplified model illustrates the production of only one
grade of beef using only two factors as inputs. Under antuilvceuﬁitienl.
however, many grades of beef as well as other products, for instance
lamb or milk may be produced, and certainly many different inputs will
be used. This indicates the magnitude of the problem of maximizing

profitc.

lYPy = R, the teotal revenue.

1P, = srs = C, total cost.

1
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Hodel of the Production Function for
Beef Produced on Pasture

The over-all problem of maximizing returns for beef production is
so large and involved that research is usually directed at one subproblem
at a time, The production function is essential to the above analysis,
but is perhaps one of the most elusive and most difficult types of
information to obtain.

What algebraic form would deseribe such a production function?
There is some evidence to indicate that the relationghips are not
linear in their emtirety and many possible types' of equations have
mmmwmgmmmmﬁ However, in a study
concerning actual pasture production, the observed inputs would be

%Wdamulmmtmmbynum
that the response surfact is best explained by a quadratic function
with linear, squared and cross product terms for the various nutrients.
This may or may not best explain biological responses.

The Spiliman or Mitochemlick function assumes that the elasticity
of production changes, but that the ratio of marginal products is
constant over all ranges or output. It provides a curve that becomes
asymtotic to the meximum yield attainable with the resources being
investigated., Such a curve may be very misleading if applied to data
involving diminighing total yield and will often lead to recommendations
of input beyond the profitable level.

The CobbeDouglas is a logarithmic function assuming constant
elasticity of production over all ranges of input and a changing
product ratio,

Other equations using various combinations of logaritihmic,
squared, square root or linear terms could be used.

zG.i.?s m’ ‘t al Experine ;
W, Technical Report m. 1, th. o sma
versity of North Carolina, Raleigh, Horth Carolina M@k)
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expected to lie within a small part of the total production fumction
possible. This segment of the theoretical production function should
represent or at least approach the area of ratiomal production. While the
actual production function may not be linear in form over its enmtire range,
a linear fumction should approximate the range of rational production.
Meaningful economic analysis of & single productive resource
considered apart from all others is tnponihla.l To provide the most
useful information and to limit the variables to a managable mumber,>
the analysis should be confined to those variables over which the
farmer may exercise some control.
Combining the above conditions into a single statement, a vestricted
model for the production function of beef produced on pasture is:

Yo d+BiX +BpRot y eou BpX,, + By

Where: Y = animal product resulting from inputs xl,xz see Xy
A s some constant to be estimated
X, = the first input factor being considered
X3 = the second input factor being comsidered

X, = the last input factor being considered

”"'3 e are coefficients to be estimated
and ijz error or failure to conform to the model

The model has some restrictions., 7The linear restriction assumes
a constant marginal product but cam denote either decreasing or

1g.0. Heady, Productivity and Income of Labor and Capital om
Marshall 8iit s Farme in Relation to Conservation F. Towa

Agricultural Experiment Statiom, Research Bulletinm 401, October, 1953,

2he computations necessary for consideration of all factors that
might be relevant would entail such expenditure of time and money as to
impractical, Therefore, the analysis should be limited to a size expected
to yield the best results consistent with reasonable cost, even though
all important factors are not studied.
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increasing returns.l If a is greater than zero, decreasing returns
are danotcd.z If a is less than zero, increasing returns are denoted .3

Of course the influence of any variable not included in the
regression will not be measured.

The usual assumption involved in the multiple regression analysis
are applicable:

¥ is a random, normally distributed variable;
xis are considered fixed-chosen by the investigator;
Exrrors are random and normally distributed,

Another limitation of this model which may not be immediately
apparent was discovered in the present study, Effects due to location
and composition of pasture differ widely throughout the state., These
effects proved to be non-additive and there is no reason to believe
that they are predictive. This precludes their use as an independent
variable in the regression analysis. This limitation was overcome by
the method explained later in this paper under the title ANALYTICAL
PROCEDURE ,

lgar1 o. Heady Choice of Functions in Estimating Input-Qutput
Relationships, Iowa State College (mimeograph)

2The percentage added to output is less than the percentage added
to input (the elasticity of production is less than 1.0)

3The percentage increase in output is greater than the percentage
increase in input (the elasticity of production is greater than 1.0)



Some Comsiderations in the Choice of a Measure of
Pasture Production
Before the effects of various factors om the carrying capacity of
pasture can be measured, a wethological decision has to be made: How

is carrying capacity to be measured?

Two meoasures of carrying capacity were used; firet, animal units

mrmnmnmmefmmy.l Second, animal units per

acre that each farmer said his pasture could have carried the previous
year.

One possible objection to the first measure chosen questions the
effect of sales and purchases throughout the year. However, the date
of enumeration was at a time of the year when sales and purchase of
livestock were at & low level on most farms in Virginia. A gquestion

may also arise concerning the amount of livestock that farmers purchase

ornummwmm.z Perhaps some light can be shed

on this question by drawing on the information obtained by Heady in

lm.:’ He stabes:

Pasture yields fluctuate a great deal from year to year. The
wost common methods by which farmers included in the surveys took
these fluctuatioms into accoumt in handling their livestock was
to limit their livestock numbers to what they thought the pastures
could handle in the average or poorer years. Thus livestock
numbers on wost of these farms were limited by the expected

"kmm date of enumeration, April lst.

zrwmm.azmmmym;mmuumu
if they have unusually good pasture due to favorable weather, or sell
off stock in case of severe dvy periods?

MQ Olson, and Scholl, op. eit., po 184,
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pasture yields in the poorest months of the poorest years. For

farwers who plan their livestock systems in this way, pasture

improvement cannot increase income unless it results in more
uniform seasonal distribution of production or reduces the year
to year variation in production.

Due to capital rationing, the possibility exists that many
farmers may be understocking their pastures, If this practice is wide
spread throughout Virginia, the first measure selected would give an
indication of actual production. It would also be desirable to know
the limits of production possible if pastures were fully utilized.
Information was available on the survey schedules of 3,165 farms
indicating whether or not the farmer could have carried additiomal
stock and if he could, the percentage additional stock that could have
been carried (Table 1). Since 1,353 of the farmers said they could
have carried over 25% move, it was felt that carrying capacity should
be adjusted to reflect this fact.

However, it is also possible that this "believed ability" to
carry additional stock could be due to unusually good weather
conditions for the year studied rather than due to capital limitations.
If this is true and the weather favorability ﬁruﬁ greatly from one
avea to the other, i.e., was very favorable in one area and very
unfavorable in another area, this would iatroduce another bias into
the estimate of carrying cspacity. Therefore, it was decided to
develop two models, the first using the carrying capacity as it
actually existed on the farms surveyed and the second adjusting this
carrying capacity to reflect the increase that the farmer believed
could have been carried. The average carrying capacity in animal
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Table 1. Distribution of Farmers According to the Rate of Stocking and
the Percentage of Additional Stock that could have been
Pastured, by Crop Reporting Districts, Virginia, 1951.

o e e Ty R B e
Crop Number Coul cnul not -9

Reporting of farmers have about

Districts replying carried amhd right

to this  additional additional
question _stock stock

Number 2 465 227 220 18 11 28 188
Number 4 446 189 213 44 18 20 151
Number 5 461 228 185 48 s 12 207
Number 6 222 92 118 12 8 6 78
Number 7 485 232 206 47 15 19 198
Number 8 600 242 286 72 s 12 225
Number 9 486 143 208 135 10 13 120

State Total 3165 1333 1436 376 7% 110 1167
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units, within each avea and type pasture is shown in Figure 1. The
average carrying capacity of pasture adjusted !ao reflect the
additional cattle that farmers said they could have carried is
shown in ﬂ.aure 2. Comparison of these two figures will show that
there was quite an increase in carryina capacity that farmers thought
they could have carried, but this increase is by no way umiform for
any given area or type of pasture.
Other measures

Another measure that could have been used is pounds of beef
(or other meat) produced per acre of pasture. While this measure is
congidered by wmany to be perhaps the best, there still are a few
objections to it. Perhaps most important of these ie the question of
the effect of weather or unusual seasonal conditions on the amount of
beef produced.’ Another objection is the unknown influence of age of
cattle and different management practices .z

Numbers of livestock could also have been used, but would not
be a satisfactory measure of carrying capacity due to great variation
in size, types, quality, etc.

lrcr example, if it were an unusually good growing season, with
plenty of rain and other almost ideal conditions, beef production would
be expected to be much greater than usual., Of course, if informatiom
were available over a long enough period of time perhaps this objection
could be overcome. However, in this study marketing and sale mmmﬂ
was available only for the previous year. -

3‘:1:11 brings up the question of efficiency of gain., It is wll
known that younger cattle grow more rapidly and are worve efficient in
utilization of feed than older cattle. Also the important value of
grade would not be taken into account.






Blue Grass and White Clover

~ Blue Grass and Lespedeza

‘Orchard Grass and Lespedeza

Orchard Grass and Ladino Clover

?1gﬁ?e':2,‘ Average Carrying Capacity of Selected Permanent Pastures Adjusted to R
- . Additional Cattle That Could Have Been Crazed, 1f Any,fiﬁ Acres ?e“
Unit Vitginiaf 1951 '




The kinds and conbinations of different livestock enterprises
varies greatly from avea to arvea as shown in Table 2. 1tis mum
that sheep wore reported from only 77 of the 3,245 farus reporting
‘umm, This includes 13 farms with sheep and no other livestock,
63 farns reporting a combination of cattle and sheep and ome farm with
o hogeshesp combination, Table I shows that the cesbisstion of settls
and hoge is by far the most important livestock combination, followed
next in importance by cattle alone and then by hogs. nz“nu“‘
known fact that hogs consume very little pasture. m:mmm ,
only hogs were dropped from the sasple. Shesp can be comverted to animal
mu'muwmm:m,m.mwamm!mﬁ#“ ‘
of shesp ware reported the study would gain little from these additional
observations. On the other hand, inclusion of sheep might introduce
a bias into the measures of pasture productivity.' Therefore, it was
'decided to include in the study only those farms reporting cattle
or a combination of cattle and hogs. These two classifications were
maintained separately. The relative importance of cattle and calves :
'mmmmmmmwmmmmnmwm
by Figure 3 vhich shows the estimated nusber of animal units of esch
type livestock per hundred acres of land in farms. .
Of the 2,517 farms reporting complete pasture information, 380

 Sunap paebebly do nes sumpete Erastly wieh satele for pasture,
but are complimentary to a certain extent in that they eat short grass
and other pasture of poor quality that would be wasted if cattle were

grazed alome.
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used more than one type of pasture (Table 3). Including these farms in

the study would introduce the difficulty of separating out the carrying

capacity attributable to each type of sod. Since this is the variable

that is to be measured, this would be an impossibility. Therefore,

due again to the suall number of observations involved, all farms

were eliminated thet veported wmore than one type of sod. The remaining

1,617 farms having only cattle or a combination of cattle and hogs

and reporting only one sod were divided into classifications according

to type of pasture (Figure 4). Most of the observations fell into

four categories: (1) blue grass and white clover, (2) blue grass

and lespedeza, (3) orehard grass and lespedeza, (4) orchard grass

and Ladine clover (Table 4). HMany other combinations were reported.

Some such as swanp grass and bulrushes are of little economic

importance to the farmers of the State. All other classifications

except the four mentioned above had so few observations in any one

classification that a meaningful analysis of them could not be made.
The sample then was restricted to thoss farms meeting all the

qualificaticns set out above. Specifically, farms were selected where

only one pasture within one of the four clagsifications of blue grass

and white clever, blue grass and lespedesa, orchard grass and lespedesza

or orcherd grase and Ladino clover was reported; if only cattle or a

combination of hogs and cattle were the only livesteock enterprise and

if they answered the questions concerning their ability to carvy
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Table 3. Distribution of Farms Showing Mumber of Diffevent Types of
Pastures, Virginia, 1951.

Cattle 2 24 0 12 6 132
Cattle and Hogs 2 28 202 41 15 286
Cattle 4 14 126 8 1 147
Cattle and Hogs 4 14 134 20 6 1 175
Cattle 5 32 6% 20 2 126
Cattle and Hogs 3 51 175 62 17 2 307
Cattle 6 21 % 7 - - 62
Cattle and Hogs 6 72 8% 17 1 179
Cattle 7 43 165 15 2 225
Cattle and Hogs 7 30 171 15 7 223
Cattle 8 29 85 20 4 138
Cattle and Hogs 8 39 264 62 11 1 397
Cattle b 35 6 0 1 42
Cattle and Hogs 9 68 1 90 78
520 1617 300 74 6 2517
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additional livestock. This analysis is based upon records obtained
from this sample of 863 farms which satisfied the criteria enumerated
ahom.l

It could be argued that a bias was introduced by restricting the
original sample; however, this produces exactly the same results as
if these restrictions were placed prior to the mlm.z Therefore,
the conditions of randommess would not be violated were there sufficiently
large numbers of observations available to meet the specifications of
the original design. The mumber of observations, although less than
originally planned, greatly exceed the mumber available from any
controlled experiment ever attempted within the State. The study then
was conducted on the assumption that the sample approached a random
sample.

Virginia's livestock industry still has plemty of space in which to
grow., As an average for the State,each full grown cow, or the quantity of
other kinds of livestock with equivalent forage comsuming ability, has
almost ten acres of farm lands for potential feed production. Were it not
for the cow and her offspring,the livestock basis for Virginia's agriculture

WtMafmmundmmo!uxryMcﬁmuy
between those farms that had hoge and cattle, and those that had only
cattle showed no significant difference between the two groups. The
observations for the two types of livestock enterprises were them
pooled within area and type pasture., The difference between feeding
prectices were alse examined and found not to be significant. There
were a very few farmers that fed grain included in the study.

2:nis is merely an extension of the original limitation of the
sample to report full information on only farms that had livestock.
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would indeed be weak, for cattle account for over nine-tenths of the
meat animals on the farms of the State when these different groups are
converted to the same basis of comparisan-the animal unit (Table 5),

Where in the State can one go to find this "average” situstion?
In the northern Piedmont area of the State, cattle are more
concentrated than to the south and east., Sheep also share some of the
pastures im this area. Cattle and sheep are still more concentrated
to the southwest expecially survounding the fawous Shenandoazh Valley.
Rapidly surveying the middle Piedmont and the Eastern Shore sectionm,
it is apparent that cattle and sheep, but especially sheep, become
more aparsely located.

Although hogs are scattered throughout all sections of the State,
they are heavily councentrated im the southern part of the Coastal |
Plain and the southeast corner of the Piedmont. Eucept for this avea
the rest of southeastern and south central Virginia have a low
concentration of livestock.

The basis of & sound and profitable livestock economy is grass.
In recent years the grassland program within Virginia has received
renewed emphasis. The Northern Virginia Pasture Research Statiom
at Middleburg was established to test new pasture mixtures and
management practices. Research directed at developing new and better
grasses and z::énm:m practices has been increased at Virginia
Polytechnic Institute in Blacksburg.

Already the results of this work is evident especially in eastern
Virginia. Here two new pasture mixtures, Ladino clover and orchard



Table 5. Estimated Humber of Animal Units per 100 Acres of Land in

Farms Acecording to Species by Crop Reporting Districts,

virginia, 1951
Reporting  and end ot Amal
2 14.0 0.9 0.4 15.3
4 14.6 0.6 1.1 16.3
s 6.8 0.4 0.1 7.3
6 3.8 0.6 0.1 4.5
7 12,2 0.6 0.7 13.5
8 4.2 0.3 - 4.3
9 3.7 2.1 - 5.8
::::“t 9.2 a.';v 0.3 10.2




production of the famed blue grass for which the northern and western
areas of the State are 80 well known.

The carrying capacity of the different pastures vary widely
throughout the State (Figure 5). This is due im part to natural
adaptation to the wide vange of soil and differing climate, but
management also plays an important role.

Over three out of five farmers applied 1,000 pounds of lime or
per acre to their permanent pasture and over three out of four used 300
pounds or move of fertilizer per acre (Figure 6 & 7).

The average amount of lime applied during the last four years on
nmtmmwnltmmmmumduuw‘
rate of application. Figure 8 shows the different normal rates of |
lime applied to the four types of ‘mem mixtures studied within m
State. The rates are much lower in area sevem (Soutlwest Virginis)
than the other areas of the State. In general lime is applied at a
lower rate on the mmm combinations including orchard grass m
the combinations including blue grass.

The average smount of nitrogen applied per acre of permanent
pasture is showm in Pigure 9. mm‘zammmlmum
the level recommended by the Virginia Extension Service (Table 20),
in all cases except for orchard grass and lespedeza pastire in the
Piedmont and Mountain and Valley sections of the State,
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o ﬁt the first mnpa n the ml;ui: “as e bt the as’f rem
between arveas and kinds of pasture for statistical amum
mmmmm&m:ﬁuifmyafﬂnmtm mldumm

The Preliminary Analysis

The procedure used was to run a Bartlett's test on the sum of
squares of the unadjusted ¥'s' and the sums of squares of the uw
‘x'az separately to determine if the homogeneous variance m:umﬁm
grouping. The corrected Chi-square with the 19 degrees of freedon for
the unadjusted Y was computed to be 348.895 and the corrected m-om
again with 19 degrees of mmm.mudnmurmmﬁ
to be 281.845, Both of these values very greatly exceed the mm -
value of Chi-square at 1%. This shows that the variences are he
over the entire range of observation. WNext the sums of squares of ﬁn
unadjusted Y were examined by pasture and by erop reporting district.
each case Bartlett's test indicated heterogenecus variances.” The

observations cannot be pooled.

‘? = animal units per acre of permanent pasture actually cm
Later used as the dependent variable in regression Model Ome.

2y o ¥ adjusted to reflect farmers estimates of livestock that
could have been carried. Later used as the dependent variables in

3!!\‘ uncorrected Chi-square with four degrees of freedom for
blue grass and white clover pasture was computed to be 102.95, for
blue grass and lespedeza pasture with four degrees of freedom 50.17,

for orchard grass and lespedeza pasture with four degrees of freedom
31.89, for ovchard grass sad Ladino clover pasture with four degree
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To determine if a true aiifma 'm:ud in carrying uyuﬂy‘_ .
between location and type pasture the means of Y were examined. m .
weighted mean square method of Snedw¢r1 was used to test the null
hypothesis that the means are equal if the vax&me: are hamagmmw,‘_‘ .
This is not an exact method but an approximation. However, )" with 19
and 173 degrees of freedom was 163.615 vhich, when compared with the
expected value at the m percent pmbabinty level of 2.00, leaves
little doubt that a true difference exists between the means. The am:f
question that arises is wvhere does this variation exist. The usual ”
analysis of variance model would provide such information. However,
such a model specifies additivity of effects as well as normal and
independent distribution of errors with constant variance. But, our
samples from populations in this study violate such a model. One way
to meet the situation is to change the model. This can be done if
necessary by a transformation. This may result in an approximate

solution which would be satisfactory.

of freedom 79.70. The uncorrectad Chi-squares for crop reporting
districts were computed as follows: 46.56 with three degrees of

freedom for crop reporting district two, for crop reporting district
four with two degrees of freedom a Chi-square of 34.89, for crop rcwmm;
distriet five with three degrees of freedom 43.84, for crop reporting
district seven with two degrees of freedom .65 and for crop reporting ,
district eight and three degrees of freedom 361.79. These tests :l.mliutc
that the variances are significantly heterogeneous within each :
classification,

16»1:;: W. Snedecor, Statistical Methods Applied

icu d Biology, lIowa State College rrtu,, ﬁ.f- Edit
195 y P 288, ‘
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Table 6a. Test of additivity, anclyeis of varience and transformation
for means of y (Model Ome) by selected areas and type of
pasture

Original Data (arithmetic means)

Crop Blue Crass Blue Grass Orchard Grass Orchard Crase
Reporting and and and and
District White C deza Les a s ¢l
(ares)
Type of Pasture

2 5637 6354 .3703 1.0693

5 «3125 .3893 +3299 6360

8 <3546 «2338 .2820 3972

Analyeie of Variance

é.f. se me ¥
Pasture 3 .2388 L0796 4,52
Area 2 « 2486 1243 7.06%
Error é 1057 176

Test for Additivity?

d.f. F3 2] me ¥
Error (3 «1057
Non-add 1 L0816 0816 17.00%%
For Testing 5 0241 0048

| J, 8, Tukey, Biometrics, 5:232 (1949)
J. 8. Tukey, Queries in Biometrics, 11:111 (1955)
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m” states the difficulties involved and the possible
solution as follows:

Anormality, non-additivity and heterogeneity of

varience ordinarily appear together., It would be ideal

if & transformation could remedy all the difficulties,

but that does not often happen. Additivity is the most

essential requirement and homogeneity of variance pext,

Theorvetically it is im the population that the
model must be satisfied . . . But often one has to look
at the sample for guidance...

Additivity in a sample can be tested by a method due

to Tukey.2 The test is applied if there is a doubt

about the necessity for a transformation or about the

success of one.

The above type of analysis was applied using the srithmetic means
of the original data. Only crop reporting districts two, five and eight
were examined due to the limited number of observations in the other
areas. While an analysis of variance on these three districts alome
is not conclusive it should give a reasonable indicatiom of the
variation between different areas. The analysis of variance given in
~ Table 6a indicates that the variation between aveas is significant,
But, if the effects are not additive the error sum of squares in this
analysis of variance is inflated due to non-additivity, and the test
of significance for pasture is non-conclusive. In the test for
additivity, again veferving to Table 6a, it is observed that non-additivity

is present and significant at the 1% level of probability.

libid, pp. 314-328
2y, 8. Tukey, Biometries, 5:232 (1949)
J. 8. Tukey, Queries in Biometrics, 10:562 (1954)



Next a transformation was made to the square root of the means as
shown in Table 6b. Both area and pasture are significant at the 5%
probability level. However, again Tukey's test indicates that non-
additivity is present and this time is significant at the 5%, though
not at the 1% level as was the case on the original data.

Snedecor uatas:l

Logarithms sre used if effects are known to be proportional
instead of additive, also if the standard deviation varies
directly as the mean. Proportional effects are common in
economic data . . . Logarithms may correct more serious cases

of non-additivity where the square root method fails.

A transformation to logarithms of the original means plus ten was
tried.z Table 6¢c gim the results of this analysis. The F value is
increased in both cases; however, pasture and area are both significant
at the 5% level, but neither of them are significant at the 1% level,
although the avea differences approached these levels. The test for
additivity indicates that non~additivity, while still present, is not
now significant at the 5% level. Therefore, the analysis of variance
in 6c using the logarvithmic transformation gives the most unbiased
estimate of the true difference betwesn areas and pastures.

Having demonstrated that a true difference existed between aveas

and type of pasture the analysis was continued on the unpooled data.

1@- cit. Pe 320

2The log of the means plus ten was used to avoid computational
difficulties that would have been encountered with negative logarithms
of the original means.



Table 6b. Transformation to the square root of the means (V™ y)

Crop Blue Grass Blue Grass Orchard Grass Orchard Grass
Reporting and and and and
District c deza deza La Cl
(area)
Type of Pasture

2 « 7508 7071 .6085 1.0341

3 +5590 6241 «5744 <7975

8 <5955 4835 «3310 «6302

Analysis of Variance

d.£. 88 wne ¥
Pasture 3 « 1044 .0348 5. 44%
Area 2 #1171 0586 9.16%
Error & 0383 0064

Test for Additiviey®

d.£. 8s ms ¥
Error 6 .0383
Non~add 1 0235 .0235 8.10%
For testing 5 0148 0029

Gmsa W. Snedecor, Statis al Methoc i perimen

%ﬂw. Towa State College Press, Fifth Edition, 195¢
PP 321~ .

J. 8, Tukey, Biometrics, 5:232 (1949)
J. 8. Tukey, Queries in Biometrics, 10:562 (1954)
J. 8. Tukey, Queries in Biometrics, 11:111 (1955)
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Table 6c. Tramsformation to the log of the means plus ten [log(y+10)] 2

Crop Blue Grass Blue Grass Orchard Grass Orchard Grass
Reporting and and and and
District White 2 ' di
(area)
Type of Pasture
2 +7511 8031 .5686 1.0291
5 4949 +59%03 »5184 .8035
8 « 3497 .3688 +4506 5990
Analysis of Variance
d.£. &8 we ¥
Pasture 3 1475 0492 S.76%
Area 2 1790 .0895 10.48%
Erver 6 .0513 0095
Test for Additivity”
d. £, 88 ms ¥
Error 6 -0513
Non-Add 1 L0175 0175 3.12
For Testing 6 0337 .0056

The log of the means plus ten was used to avoid the use of negative
values that would have resulted if the log of the means had been used.

Bgeorge W. Snedecor, Stat e thod | : or
ri ology, ilowa Stau Gollm ?nn, n!ch xauu,
PP 32 "3
J. 8. Tukey, Biometvics, 5:232 (1949)
J. 8. Tukey, Queries in Biometries, 10:3562 (1954)
J. 8. Tukey, Queries in Biometrics, 11:111 (1955)
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Although a co-variance analysis on the logarithms of the means could
be employed in an atteupt to estimate these affcnncu,l it was felt
that this would not provide the wost useful information poasible from
the study.

The Models for lLinear Regression
This analysis is based upon two sultiple regression models utilizing
six independent ﬁariablu each, The two models are similar except for
the dependent variable which estimates pasture production. They may be
stated sywbolically as follows:
| Model Oue
Y = athyX;+byRo+baXq+byX, +beXsbeXe

Where: ¥ = animal units of cattle actually car:udz per acre of
permanent pasture.

a = the estimated mean level of carrying capacity that would be
obtained with inputs approaching zero of factors xl-xs.

X; = the average amount of lime applied during the last four

years on permanent nasture expressed in thousands of pounds
per acre.

i imitations of time and resources available for this study did
not permit such an analysis in view of the limited usefulness of any
results that might be obtained. Although the logarithmic transformation
eliminates non~additivity there is still no reason to expect that such
differences are predictable.

zmmx units for cattle and calves were computed as follows:
Cows and calves that had calved were counted as one animal unit.
Heifers and heifer calves born before January 1, 1951 and steers
and steer calves born before January 1, 1951 were evaluated at one
animal unit. Bulls and bull calves bern before Jamuary 1, 1951
were also evaluated at one animal unit and all calves born after
January 1, 1951 were evaluated at .5 animal units.
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X, = the average application of phosphoric acid (P,0.) applied per
acre in the last four years, expressed in hun “efpmu
per acre of permanent pasture.

X3 = the average amwount of potassium (R20) applied during last
four years expressed in hundreds of pounds per acre.

X, = the pounds of nitrogen applied per acre to permanent
pasture expressed in hundreds of pounds per acre.

Xg s animal units on hand per acre of supplemental pasture.

Xg = size of total pasture (permanent plus supplementary) per
farm expressed in acres.

bysby « » « bg (standard partial regression coefficients) are
to be estimated to indicate the effects of the factors studied
(X;'s), in the units expressed, on carrying capacity of permanent
pasture.
Model Two
¥' 2 alebiX rhiXy+biiytbiX,+biXg+biXg
Where: Y' =z animal units per acre of permanent pasture adjusted to
reflect the additional smount, if any, of uvc!mk that
farmers said their pasture could have carvied.

a' z the estimated mean level of carrying capacity that would be
cbtained with inputs approaching zero of factors Xy=Xgo

x:&x:mm‘m‘-
xa’%mwlmu
!‘axhtwﬁoﬂlm.
x5313 for Model One.

ltn other words, this is the farmer's estimate of production that
could have been obtained during the period reported. Comparison between
the two models in each area and type pasture was used to test the
hypothesis that the farmer's estimates of cattle his pasture could
have carried is a better measure of productivity than the amount
actually carried.
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Xg = Xg for Model Ome.

b, b) ««. b} (standard partial regression coefficients) are

to be“estima to indicate the effect of the factors studied
(X;'a), in the units expressed, on carrying capacity of permament
mm-

Choice of "Independent Variables" for
Regression /Anzlysis

Six factors were chosen for inclusion in the regression analysis
because it was believed that these factors would comtribute most to the
carrying capacity of pasture., Many experts believe that calecium in many
areas might be the most limiting factor, so calcium was chosen as the
most important variable and placed first (in position X, of the regression
analysis). Figure & indicates the importance of lime to farmers of the
State. Almost one-half (46%) of the farmers in Virginia normally apply
one ton of lime or more per acre of pasture. Figure 8§ shows the average
amount of lime applied for the last four years by type of pasture and
crop reporting district. The amount of lime applied varied widely by
avea and type pasture. In crop reporting district nine the rate of
application was uniformly low in contrast to crop reporting district five
where it was much higher and also more varisble. While the amount of
lime applied to the diffavent kinds of pasture was quite variable, the |
amount applied to blue grass and white clover seemed to be generally
lower and the amount applied to orchard grass and Ladino clover pasture
seemed to be generally higher than the average of all pastures.

The next factors comsidered were the smount of various fertilizer
elements applied., Figure 7 indicates that 77% of the farmers in the
State normally applied 300 pounds or more of some type of fertilizer to
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their pasture sach year. This does not give any indication of the kind
of fertilizer or the total amount of individual elements applied.
Therefore, the analysis was broken dowm inke the actual pounds of
phosphoric acid, potassium and nitrogen applied per acre.

Fhosphorus was selected ag the second varisble since it was judged
to be second in importance to calecium., PFigure 10 indicates the average
amount of phosphorus (rzos) applied per acre of permenent pasture during
the last four years. The vate appears fairly unim for all pastures
within crop reporting district four and a little less uniform for crop
reporting district eight. On orchard grass and Ladino clover pasture
the rate of application again was fairly constant. Other than these
instances the rate geemed to vary guite wwxlﬁ.

Potassium was selected as the variable ranking third in importance
of those to be considered. Figure 1l indicates the average amount of
potassium expressed as K,0 applied in the last four years per acre of
permanent pasture. It will be noted that there is a wide variation
existing in the distribution of potassium applied, and that it does not
seem to follow any particular pattern except possibly that on orchard
grass and Ladine clover pasture the rate is a little move uniform tham
in the other pasture types.

Nitrogen was selected as the fourth ranking variable., Figure 9
indicates the average amount of nitrogen applied per acre over the last
four years., There is in general a wide variation in rate of application
except that on crchard grass and Ladino clover pasture in crop reporting
district six the rate of applicatisn was generally higher than elsewhere.
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The influence of supplemental pasture om carrying capacity of
permanent pasture has been studied very little in this State. The
average carrying capacity of supplemental pasture in animal units per
acre is shown in Piguve 1. Carrying capacity of supplemental pasture
was expressed in animal units per acre, the seme measure used for the
dependent variable Y, te permit the determination of a ratio of use
between supplenentary and permanemt pasture.

The sixth variable is the size of total pasture including both
supplemental and permanent mm} Average sizes of total pasture are
shown in Figure 4, The measure of size was placed last so that in the
partial vegression analysies the influence of size could be determined
after the previously listed five variables have been considered.’

‘sm of the farm could quite conceivably be an influencing factor

on the average carrying capacity of pasture. There are twe schools of
thought as to what this influence might be.

First, does the small farmer have "sxtra" labor available whieh
he uses teo clip pastures, fertilize and follow other recommended
managemens practices 50 that he practices more intensive use of physical
resources than the larger farmer® Or, second, does the larger farmer
have a better conmend of resources, utilize better maenagement, and is
he in a gemerally better position to maxiwmize his return from his
resources than the smaller farmer?

“the influence of each variable studied has been determined after
considering the influence of all previous variables in the regression
model. Size of business was placed last to determine its influence
above the effect of the previous five variables.
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RESULTS OF THE ANALYSIS

The Alpha regression coefficients are shown for Model One in
Table 7 and similer results for Model Two are shown in Table 8. This
constant is the point where the regression line crosses the vertical
axis. Perhaps these values are not too important im the study, but they
are included for completeness sake to indicate the relative difference in
the Y intercept for the several different regression equations. A wide
difference exists within each kind of pasture at different locations
although the blue grass and white clover pastures seem to exhibit more
uniformity in this respect than the others. The & values in crop reporting
district two exhibit the wost variation whereas in crop reporting district
eight they show the least variastion among the different areas,

For Model Two, blue grass and white clover pasture in all areas, and
all pastures in crop reporting district seven, reflect the least amount
of variation of a values (Table 8). This is the old blue grass area
of Virginia and it seems probable that either the pastures are more
uniform in their carrying ability here, or that the farmers have more
experience and are perhaps better able to make accurate estimates of
what carrying capacity could be. Orchard grass and lespedeza pasture
has the greatest amount of variation of expected carrying capacity
followed by orchard grass and Ladine clover.

The Estimated Effect of Selected Factors on
Carrying Capacity of Certain Pastures

The estimated effect of the six factors studied on carrying capacity

is shown in the following tables. In amalyzing this information it must
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be realized that some of the variables have been coded and the units in
which they are expressed must be comsidered in interpreting the results.

Calcium was coded by multiplying by one thousand. Response to lime
varied from a high level in crop reporting district two on blue grass and
white clover pasture to &2 low in crop reporting district two on orchard
grass and Ladino clover pasture. Some values are negative which suggests
the possibility that all the lime that is normally applied in mot fully
utilized by grasing livestock. This is a general statement applying
to the whole district, however, and not to any particular onme farm since
local soil conditions will vary quite widely. The response to calcium
in Model Two was higher in most, though not all, cases than in Model One.
This suggests that physical efficiency would have been higher as far
as the utilization of calcium is comcerned had the farmers been able to
stock at the rate they thought they actually could have carried.

Again there is a very wide variation in the response to phosphorus.
Several values are negative suggesting that, in the aggregate, in
certain areas on certain type pastures physical efficiency may be rather
low. Again if the farmers had carried all the cattle they thought they
could have carried apparently the efficiency of phosphorus utilizatiom
would have increased, as illustrated in the tables of bi'l for Model
Two. But again there ave still some negative values andsome exceptions
to the rule; however, in the majority of cases utilization was higher
than in Model One.

In several cases the vesponse to potassium was higher than to either

of the other elements studied so far. In crop reporting district two all
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pastures showed increased carrying capacity ranging as high ag 6.6 animal
units per hundred pounds of potassium applied. This suggests that in
this area potassium is more of a limiting factor than either of the

other variables discussed so far. A rather amazing respomnse appears

in crop reporting district seven on blue grass and lespedesa pasture.

This suggests the possibility that, in the aggregate, potassium is more
of a limiting factor here tham either calcium or phosphorus. The responses
for Model Two are shown in Table 8. While difYering slightly in magnitude
they in general follow the same pattern set forth in Model Ume. The
extremely high negative response in crop reporting district four om
orchard grass and Ladine clover pasture indicates that perhaps more
potassium is being used than necessary to maintain carrying capaecity.

The effect of nitrogen seems to vary quite widely and is negative
in more cases than not. On all pastures in crop reporting district two
and crop reporting district seven a negative response was obtained. This
indicates that nitrogen may not be the limiting factor im these two areas.
An extremely high response occurred in crop reporting district five on
orchard grass and Ladino clover pasture. The results followed the same
general pattern for lModel Two.

There is quite a bit of variation in the influence of supplemental
pasture; however, in most cases supplemental pasture increased the
carrying capacity of permanent pasture. There are two esceptions to
this, the first a very severe one in crop reporting district four on
orchard grass and Ladino clover pasture. In Model Two supplemental
pasture also generally increased the carrying capacity; however, there
are again a few exceptions.



- 75 =

Size of pasture perhaps has the most consistent results of any
factors considered in the analysie. Except in two cases (both of them
in crop reporting district two) as the size of the operation increased,
carrying capacity per acre decreased. When the second model is considered
the results are similar. However, agsim in most cases the coefficients
are negative and the increased size is in crop reporting district seven
on blue grass and lespedeza pasture for Model Ome, whereas in Model Two
the greatest reduction occurs in crop reporting district six on orchard
grass and lespedeza.

In interpreting any of the Beta coefficients presented here the
units of measurement for the independent variables must be considered.
To eliminate veferring back to the tables previously given, these
quantities are stated again here as follows: amount of lime normally
applied (X;) is expressed in thousands of pounds per acre, variable
X; (phosphorus) is measured in hundreds of pounds applied per acre,
variable X4 (potassium) ie measured in hundreds of pounds applied
per acre, for X; (nitrogen) the unit of measurement is hundreds of pounds
applied per acre. The average carrying capacity of supplemental pasture
(X5) is expressed in animal units per acre and for variable (Xg) average
size of pasture is expressed in hundred acres.

Variation in Carrying Capacity Explained by Regression
The tables that follow indicate the amount of variation in carrying
capacity, both for Model One and for Model Two, explained by the six
factors studied (calcium, phosphorus, potassium, nitrogen, supplemental
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pasture and size). The progressive Rz" indicate the amount of
variation explained by all previous variables studied plus the additional
variation explained by the specific variable in question.’ If the
decimal is moved two places to the right in each of the succeeding tables
the variation would be expressed in mﬁm.z

Evaluation of Results

The vesults of the F test for significance of the total regressions
are shown in Tables 13a and b. The calculated F ratio of the total
equations were compared with the table values of F at the probability
levels of 20%, 5%, 1% and .1%. In general it seems that the equations
for Model One using actual production were more significant in explain-
ing the amount of variation in carrying capacity than were the equations
in Model Two using the farmers' estimates of possible production. There
are some individual emceptions to this, however. In crop reporting
district four on blue grass and white clover pasture the farmers' estimates
give much better results. This is not surprising comsidering that this is
a section of the State where farmers are long emperienced in raising
blue grass pastures. In Ladino clover and orchard grass pasture lModal
One seemed to have given the best estimate., This is a type of pasture
relatively new to Virginia and farmers undoubtedly have much less
experience with it than they do with blue grass, particularly in the

%mhthm&wnzmxsmmmmhau
amount of variation for variables X;, X, and Xq.



Table 13a. Significant Percentage Point Distribution of F for the
Total Regression Model One Y Unadjusted

Crop Blue Grass  Blue Grass Orchard Grass Ovchard Grass
Reporting and and and and
{area)

2 1% 5% 12 -

4 = - x 1%

5 20% e - 20%

6 X X 20% i 4

7 - - 2“ X

8 20% .. 20% 1%

Table 13b. Significant Percentage Point Distribution of F for the
Total Regression Model Two ¥ Adjusted

Crop Blue Grass  Blue Grass Orchard Grass  Orchard Grase
Reporting and

District
{area)

2 1% - % 20%
4 1% - X e
5 - 20% 20% 20%
6 X X % 20%
7 o o - X
8 - - 1%




northwestern part of the State. In pasture two only one equation was
significant in each wodel.

Table l4a shows the results of the ¥ test of variance ratio for
each Beta value of each equation., The percentages indicated in the
tables show the levels st which the equations were significant.

Testing was done at the 20%, the 5%, and the 1% and the .1% level. It
is noted that caleium was significent only in the first three pastures of
crop reporting district two and in two areas on orchard gress and

Ladinoe clover. FPhosphorus shows a somewhat different pattemn but

there were no significant Beta values for phosphorus or blue grass

and lespedeza. This also is true for potassium. Nitrogen showed

no significant Beta values for blue grass and lespedesza and wost of the
significance appears to be on orchavd grass and lespedeza. Supplemental
pasture appsaved to be significant im all pastures in crop veporting
district two and a few other scattevred aveas and type pastures primerily
on orchard grass and Ladino clover. Variation in significance of Beta
six for size is quite scatteved; however, all aveas in all pasture except
avea six indicate at least one significant equation. Sisze appeared to
be the most universally significant varisbles in the equations.

Table 15 shows the significant lsvels of the F test for Beta values
in Model Two. Again as in Model One caleium and phosphorus are net
significant in area seven and eight and potassium is not significant in
area five. And again as in dModel One supplemental pasture was not
significant in ares seven., Between the two models there are some changes
in significance levels eﬁ the s-ﬁ values and some values are significant



Table l4a. Significant Percentage Point Distribution of ¥ for the

Iadtpniathrhbhob in Model on Blue Grass and
White Clover Pasture -

Crop Calcium Phosphorus Potassium Nitrogen Supplemental Size

Reporting Pasture
Pistrict by by 53 by bg bg
1% - 20% - 20%
- 20% 20% 20% o
. e - -u - m

@ 5 & v P W
‘' w* 8 a 8§

Table 14b, Significant Percentage Point Distribution of F for the
Independent Variables b; in Mode] One on Blue Grass and

Lespedeza Pasture
Crop Calcium Phosphorus Potassium Hitvogen Supplemental Size
Reporting Pagture
District by by by by bg bg
m - - - a

- - - - -

mu@ua»
o
e
w
o
o

S u~§8 ‘g




Table ldec. Significant Percentage Poini Distribution of F for the
Independent Variables b; in }odel One Orchard Grass

—96&

and lespedoza Pasture

Crop Calcium Phosphorus Potassium Nitrogen Supplemental Size

Dletrict by b2 by bs ?”:fe b
2 5% 20% 20% 1% 5% 20%
4 X X X X X X
5 - - e - " o
6 - 1% 20% 20% -~ -
7 - - 5% - o 3%
8 - - 20% 20% e 20%

Table 14d. ﬂisa&ticdue Percentage Point Distribution of F for the

t Variables b, in }odel One on Orcherd Grass and
Ladine Clover Pasture

Crop Caleiwm Phosphorus Potassium Hitrogen Supplemental Size

Reporting Pasture

Datrict by by by by b b
2 - - e - 5% e
4 20% - 20% 1% 20% 20%
5 -~ 1% o - - .-
6 20% 20% 20% - 1% -
7 X X X X X X
8 e e - e «1% 5%




Table 15a. Significant Percemtage Foint Distvibution of P for the
Independent Variables by in lodel Two on Blue Grass and
White Clover Pasture

Crop Calcium Phosphorus Potassium Hitrogen Supplemental Size

Reporting Pasture

Digtrict bl b2 hs h‘ bs h&
2 1% o 20% e e 20%
4 20% 20% 20% - e 5%
5 - - L e e 20%
6 X X X b 4 X X
7 e e - - - 5%
8 e we - - - 20%

Table 15b, Significant Percentage Point Distribution of ¥ for the
Independent Variables by in Model Two on Blue Grass and

Lespedeza Pasture

Crop  Calcium Phosphorus Potassium Hitrogen Supplemental Size

Reporting Pasture

District b, b, by b, bg b
2 - - - - 20% 20%
4 i - P 204 - -
5 - 20% - - % -
6 X X X X x X
7 - - 20% - - 20%
8 e - - - 20% -
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Table 15¢, Significant Percentsage Point Distribution of F for the
Independent Variables by in Hodel Two on Orchard Crass and

iespedess Pagture

Crop  Calcium Phosphorus Potsssium Nitrogem Supplemental S5ise

Reporting Pagture

District by by by by bs bg
2 5% o - % 20% 20%
& b 4 x b 4 X b 3 X
5 0% 5% - o- - -
é - - - 5% e 200
7 - - 5% - - e
8 e - % we 5% 1%

Table 15d. Bignificant Percentage Point Distribution of F for the
Indspendent Varisbles by in liodsl Two on Orchard Grass and
Ladino Clover Pasture o

Crop Caleium Phosphorus Potassium Nitrogen Supplementsl Size

Reporting Pasture

pistriet by by by by bs bg
2 0% w- - - 54 -
4 0% - - 20% - 20%
3 - 5% - 20% - e
6 1% e 20% we we e
7 x X X X X X
8 e - 20% 20% 1% b4




in one model and not in the other. However, over all, they seem to
present more or less the same general picture. As pointed out at the
beginning of the discussion there undoubtedly are several other factors
influencing carrying capacity that were mot included in the study. This
helps to explain the low levels of significance or absence of significance
in some areas and type pastures.

The results of the t test of the null hypothesis that by = 0 is
shown in Table 16 for Model One and 17 for Model Two. The values in
these tables indicate the percentage confidence levels at which each
Beta value is indicated to be significantly different from zero. There
is a wide difference of significance among Beta values and in many cases
they arve not significant. In general, calcium seems to be of little
importance in areas four, seven and eight. Phoasphorus also shows little
influence in four, seven and eight. Potassium, calcium and phosphorus
appear to have little significance on blue grass and lespedeza. No Beta
values for phosphorus are significant on blue grass and white clover.
Nitrogen appears to be most significant on orchard grass and lespedeza.
Supplemental pasture again appears to have a wide variation and influence;
it seems to be unimportant in area seven and of most importance in arvea
two. The size of operation seems to show the most significant Beta values.
Table 17 gives the same information for Model Two which in general
follows more or less a general patterm set down for the first model. Beta
values were tested at the 40, 30, 20, 10, 5, 1 and .1 of 1% level.

The bi'n that explained a significant amount of variation in the

regression equations and that were significantly different from sero
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Table 16a. BSignificant Percentage Point Distribution of the ¢ test of
Hyiby = 0 on Model One on Blue Grass and White Clover Pasture

Crop Calcium Phosphorus Potassium Witrogen Supplemental Size

Reporting Pasture

Mstrict b b2 b3 b bs b
2 5% - 10% - 20% 10%
4 - - 30% 20% - 5%
5 - - 40% 30% 10% 20%
6 X x X x X X
7 4 . 30% - . 5%
8 . - - - - -

Table 16b. Significant Percentage Point Distribution of the t test of
Hysby = O on }odel Oue ou Blue Grass and Lespedeza Pasture

Crop Caicium Phosphorus Potassium Nitrogen Supplemental Size

Reporting Pasture

District by by by by bg bg
2 40% 30% 5% 20% 1% 1%
4 - - - - 30% -
-] - - - 30% 30% 10%
6 b 4 X X X X X
7 - - - - “ 12
8 - - - - 30% -
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Table 16c. Significant Percentage Point Distribution of the t test for
Hyib; = O on Model One on Orchard Grass and Lespedeza Pasture

Crop Calcium Fhosphorus Potassium Nitrogen Supplemental Size

Report Pasture

District by by by by by bg
2 - 20% 1% 1% 5% 20%
4 X X X X X X
5 30% 20% - 40% - -
6 4o 5% 10% 30% - 40%
7 - - 5% 30% - 5%
8 - - 1% 10% 30% 10%

Teble 16d. Significant Percemtage Point Distribution of the t test for
Hytby z 0 on Model One on Orchard Grass and Ladino Clover
Pasture.

Crop Calcium Phosphorus Potassium litrogen Supplemental Size

Reporting Pasture

District by by by b bg bg
2 - - - - 5% -
4 ] 30% 5% 5% 30% 20%
5 - 5% 30% 20% - 30%
6 20% 4% - - 1% 30%
7 X X X X X X
8 - - - - 1% 5%
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Table 17a. Significant Percentage Point Distribution of the t test for
Hyiby = O on Model Two on Blue Grass and White Clover Pasture

Crop  Caicium Phosphorus Potassium Nitrogen Supplemental Size

Reporting Pasture
bistrict by by by by bg bg
2 L - 20% - 407, 10%
4 g% 5% 1% 1% % A%
5 40 40% - 30% &% 20%
¢ X X X X X X
7 - 40% - - - 5%
8 - - - - 30% 20%

Table 17b. Significant Percentage Foint Distribution of the t test for
Hyib, 3 0 on Model Two on Blue Grass and Lespedeza Pasture

Crop Calcium Phosphorus Potassium Witrogen Supplemental Size
Reporting Pasture

- - &0% 40% 10%
20% 20% 20% 30%

@ - & W P M
2
| .
3
§
.

v uw*n § §
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Table 17¢c, Significant Percentage Point Distribution of the t test for
H,ib; = 0 on Model Iwo on Orchard Grass and Lespedesa Pasture

Crop Calcium Phosphorus Potassium Nitrogen Supplemental Size

Reporting Pasturs

District b by by by bg bg
2 30% - 10% 10% 30% 30%
[ X X X x X X
5 20% 20% - 20% - -
6 - - 5% 1% - 20%
7 - - 3% 43% - 6%
8 - 30% 12 - 5% 1%

Table 17d. Significant Percentage Point Distribution of the t test for
Hytby = 0 on Model Two on Orchard Grass and Ladino Clover
Pasture

Crop Calcium Phosphorus Potassium Nitrogen Supplemental Size

Reporting Pagture

District by by bg by by bg
2 30% - - 4% 5% -
4 - - 20% 20% - 20%
5 - 10% 20% 10% - 30%
6 10% - &% - - 40%
7 X X X X X X
8 - - - 10% 1% 5%
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were then compared within each equation. A t test was used to determine
if these values were significantly different from each other. With a
very few exceptions the t tests indicated a significant difference. The
results of these tests are shown in Tables 18 and 19.

It was intended a priori to derive estimated levels of production
for the several separate pasture-area cowbinations, using the recommended
levels of fertilization shown in Table 20a for 1951 and 20b for 1957,
However, when these values were introduced into the significant egquations
shown in Tables 21 and 22, the results did not in all cases show the
consistency desired. And, in some few cases, spurious answers were
obtained. The reason for these answers is obvious after a close examina-
tion of the significant equations. In each case where a spurious answer
was obtained, the regression coefficient for one or more of the fertilizer
elements has a high negative value. WNitrogen was the most frequent
offender. These values seem questionable in view of the differences
between corresponding coefficients of Models Une and Two.

Indeed, the behavior of corresponding estimating equations
derived for the two models is not as expected. It was postulated at
the start of the study that one of the two wmodels would prove to
be consistently more precise than the other in estimating carrying
capacity from the six variables studied. It was pointed out earlier
in this discussion that the expected increase in precision for Model
Two did not develop. HNeither model seems to give consistently the

best results,



- 105 -

This apparent lack of consistent behavior was further investigated

1mYzefthc£om

thﬁ“‘b‘f

by a regression of ¥
1 + chz
Where: ¥y = possible production estimated from dModel Two
¥y = actual production estimated from Model Une
to determine the type of relationship between the estimators from
each equation. The original observations were pooled for this
estimate, the results of which are summarized below.

Analysis of Vaviance

Source 88 df ws F 82
Y 1919848 1 191.9648  5,435.74%% 6298
Yl over v,  82.4342 1 82,4562 2,334.56%% 2705
Error 30.3%5 860 0351

Total 306.8135 862

¥y = = J5610 + 3.1640 ¥, - .5767 ¥,?

Thus, about 63 percent of the variatiom in one estimator is
explained by a linear velation with the other. However, another 27
percent of the variation im Yz is associated through a curvilismear
relation with Yl as shown by the last term of the regression equatiom.
Therefore, over 90 percent of the variation, which appeared before
to be a lack of consistency, is actually explained by the second degree
polynomial as illustrated,

The practical significance of this relationship between estimators
is drawn from the shape of the function specified by the equation of
the second degree; the estimated possible carrying capacity increases,

at a decreasing rate, as actual production increases over the range
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observed. The average relation between the two estimators is given by

the regression of '{2 on ¥y:

¥, 2 .0103 + .7225 ¥ 2

g = +0029 'Iz
which reduces approximately to a linear function passing through the
origin. This indicates that estimated actual production averages
about 72 percent of estimated possible pasture production for the

farms and time period studied,
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Table 18, Significance Level of t Test that B, = aj for bt that are
Statistieally Significant in Hodsl Ope

Blue Grass  Blue Grass Orchard Grass Orchard Grass

Compazr~ and and and and

ison  White Clover . Lespedesa Ladino Clover
s op Reporting Districts ———r

By~By 20%

By~By 20% 5%

By~B, 5%

By~Bg 5% 1% 0% ¢

By~Bg 1% A% 5%

By~Bg A% 1%

By=By 1 ¢

By-Bg 30% 20%

By~Bg 20%

By-3, 10% A% 1% A% A%

By~Bg 10% . A #

By~Bg 10% 20% 1% 12 13 5%

B4~Bs 1% A%

By~Bg 10% 1% 0% 5%

Bg-Bg A% A% 1% A% 30% 1%

ol

¢ Indicates B;'s were not significantly different from each other.
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Table 19. Significance Level of t Test that By = Bi for by that are
Statistically Significant in Model Two

Biue Grass Orchard Grass Orchard Grass
Compare~ and and and
ison White Clover T — ~Ladino Clover
. Crop Reporting Districts
7% 7 5 6 8 75 68
By~B; # 20%
By~By 20% 1% 30%
By-B, 10%
31.36 » 12 . 1‘ m
!2"3 - u
32-34 10%
By-Bs
32’36 * u
B3=B4
33"35 1%
'3"" . 12 * 1?. 12
B,4~Bs 10% 10%
B4R 10% 1% 10%
‘s"‘“ l% . l‘ . u

¢ Indicates By 's were not significantly different from each other.
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Tabie Z0a. Recoumended Levels of Pasture Faxtnintima, Virginia, 1951

Type of Butrients Applied
FPasture Nitrogen Phosphorus Potassium
Pounds Per Acre
Blue Grass
and
White Clover 0 35-56 18-56
Blue Grass
and
Lespedeza 0 47-56 2356
Orchard Grass
and b
Lespedeza 0-12 30-84 15«70
Orchard Grass
and e
Ladino Clover 0 70-112 70-112

Civeular 430, Virginis Extension m,m oS

%mmm«otummmmmmmvxwa
(Tid“tt‘:).

®Up te 16 pounds of nitrogen recommended in Eastern Virginia
ﬁimm).
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Table 20b, Recommended Levels of Pasture Fertilization®, Virginia, 1957

Type of W
Pasture Ritrogen gphorus Potaseium
Pounds Per Acre
Blue Grass
and
White Clover 0=20 60-80 30-~40
Blue Grass
and
Lespedeza 10-25 %0=-80 30-60
Orchard Grass
and
Lespedeza 10-25 40-80 30-60
Orchard Grass
and
Ladino Clover 040 4&0=-100 40=100
“Source: Bulletin No. 97, A Handbook of Asronomy, Agronomy

Department, V.P.X., April, 1956.



Table 21. significeant Regression Coefficients for Model One

Crop Caleium Phosphorus Potassium Nitrogen Supplemental Size
Heporting Pasture
District a by by by by bg bg
| - Blue Grass and White Clover
2 498513 «343490 - 2.065308 e 078441 .110165
&4 562750 o .o 681197 3.876949 .- -,179227
5 267945 - .o - - 063323 ~.070697

Blue Grass and Lespedeza
2 655211 .329383 - - = 940480 ~.649748

Orchard Grass and Lespedeza

2 019072 - .681234 6.612731 «29.449459 2170796 .120198
- .37N951 - 2,4793658°  +5.517819 3.292680# -~ -

© 446882 - - 2.424218 e .- = 459907

284469 - - 2.581575 «5.482074 e -,198917

Orchard Grass and Ladino Clover

4 2729 - 429404 - ~14.533357¢ 29.312370 ~12.839794¢ ~.151043
6 732602 <180087F ~-.762811 e - -204178¢ -
8 - 33004£0 e - - - .172872 -.113177

%2's were not tested for significance due to the extensive calculations necessary considering
the limited economic interpretation of these values.

’m by 's that were not significantly different from each other within their respective
equations.

- 117 -
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This study is a preliminary amalysis of how farmers actually use
their pasture as measured by livestock production. The data were
obtained from a portiom of the schedules of the Virginia Livestock Survey
of 1951 in which over 7,000 farmevs were comtacted,

The multiple regression approach is used for the primsry analysis.
Responses on four types of pastures, blue grass snd white clover, blue
grass and laspedeza, orchard grass and lespedeza, aand orchard grass and
Ladino clover, are studied in each crop reporting district where they
are of economic importance. The effect of six factors, calcium,
phosphorus, potassium, nitrogen, supplemental pasture and size are analyszed.

Carvying capacity empressed in animal units itmduthnmmp
of pasture productivity. Potential carrying capacity, as estimated by
the livestock farmers surveyed, did not prove to be a better measure of
pasture productivity than actual carrying capacity except in the "old
blue grass region” of the State.

Preliminary analysis of the data revealed a significant differemce
of ecrrying cepacity between areas of the State and between the different
types of pasture. Analysis of varisnce and Tukey's test of additivity
were used with a logarithmic transformation of the data for this
determination.

For the primary analyeis prediction equations were computed for each
of the four kinds of pasture in each area studied. Confidence levels
and tests of significance were established for each equation. Significance
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of the different factors studied varied widely for the several pastures
studied and in the different areas of the State.

With & very few emceptions size of the operation showed an inverse
relationship to carrying capacity. That is, carrying capacity of the
permanent pasture decreased as the size of total pasture increased.
Caleium and phosphorus seemed to show little influence on carrying
capacity of permanent pasture in Western Virginia and in the Southern
Pledmont (districts 4, 7, and 8). Also these factors did not show any
pignificant results on blue grass and lespedesza pasture nor did phosphorus
give significant vesults on blue grass and white clover. The effects of
nitrogen sppear to be most significant on orchard grass and lespedeza.

The study also includes data on the concentration of the various
livestock enterprises in the State. The widespread use of lime and
fertilizer is shown, by pounds of each element normally applied, om
each pasture studied in the different areas of the State.
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