View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Research Papers in Economics

Agricultural Economics Report No. 431 November 1999

ECONOMIC ANALYSISOF CONTROLLING
LEAFY SPURGE WITH SHEEP

Dean A. Bangsund
Dan J. Nuddll
Randall S. Sell

F.Larry Leistritz

Department of Agricultural Economics
Agricultural Experiment Station
North Dakota State Univer sity
Fargo, North Dakota 58105


https://core.ac.uk/display/6813648?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

ACKNOWLEDGMENTS

The authors wish to express their sincere appreciation to Drs. Kevin Sedivec and Don Kirby,
Department of Animal and Range Sciences, and Dr. Rodney Lym, Department of Plant Sciences,
North Dakota State University, for their assstance and input during this study.

This study contributes to an integrated pest management demonstration project, titled The
Ecological Areawide Management of Leafy Spurge (TEAM Leafy Spurge). Financid support for
the project and this study was provided by the Agriculturd Research Service, U.S. Department of
Agriculture. We express our gppreciation to this organization for their financial support and to Drs.
Gerdd Anderson and Lloyd Wendd, principd investigators for TEAM Leafy Spurge.

Thanks are given to Carol Jensen for document preparation, Sheila Renner for data entry, and
to our colleagues who reviewed this manuscript.

The authors assume responsibility for any errors of omisson, logic, or otherwise.

We would be happy to provide a single copy of this publication free of charge. You can
address your inquiry to: Carol Jensen, Department of Agricultural Economics, North Dakota State
University, P.O. Box 5636, Fargo, ND, 58105-5636, Ph. 701-231-7441, Fax 701-231-7400, e-mail
clensen@ndsuext.nodak.edu . This publication is aso avalable eectronicdly at thisweb Ste:
http://agecon.lib.umn.edu/ndsu.html

NOTICE:

The analyses and views reported in this paper are those of the author. They are not necessarily
endorsed by the Department of Agricultural Economics or by North Dakota State University.

North Dakota State University is committed to the policy that al persons shall have equal access
to its programs, and employment without regard to race, color, creed, religion, nationa origin, sex, age,
marital status, disability, public assistance status, veteran status, or sexual orientation.

Information on other titles in this series may be obtained from: Department of Agricultural
Economics, North Dakota State University, P.O. Box 5636, Fargo, ND 58105. Telephone: 701-231-7441,
Fax: 701-231-7400, or e-mail: ¢jensen@ndsuext.nodak.edu.

Copyright © 1999 by Dean A. Bangsund and F. Larry Leistritz. All rights reserved. Readers
may make verbatim copies of this document for non-commercia purposes by any means, provided that
this copyright notice appears on all such copies.



TABLE OF CONTENTS

Page

Lig Of TableS . ... ii
LIS Of FIQUIES . . oo e e e e v
Ligtof AppendixX TaDleS . . .. ..o e %
Y 05 = X
Highlights . .o o Xi
INTRODUCGCTION . ..ttt e e e e e e e e e e e 1
OBIECTIVES .« o e 2
PROCEDURES . ... e e e e e e e 3
MOOE DESEgN . .ot 3

Model COMPONENES . . . .ottt e e e e 5

Leafly SPUIgE EXPangoN . . . . ..ot 5

Leafy Spurge Control . .. ... .o e 5
GrazingReduction Modd . .. ... 7

FOrage RECOVENY . . o 8

Sheep Enterprise BudgetS. . . . .. oo 10

Modd Outputs and ASSUMPLIONS . .. ..ottt et e 11

RESUL TS .. e e 12
Potential REEUNSTO Control . . ... ..o e 13

ShEED BN DI SES .. ottt 14
NELREIUMS . . .o 14

FENCING COSS ..ottt e 15

Feashility of Long-term Control--Sheep Enterprises . . ... ... 17
SEa0NA GIaZiNg . ..o oottt e e 19

Benefit-CoOt ANAlYSIS . ..o 19

Least-loSSANAYSS. . . oo 25

ROEIONA Grazing . .. oo e et e e e 25

Bendfit-Cot ANAYSIS . ..o 28

Least-loSSANAlYSS. .. oo 33

Feasbility of Long-term Control--SheeplLeasing .............. ..., 34
Benefit-Cost ANAlYSIS . ..o 37

Least-l0SS ANAlYSIS. . . oo 40



TABLE OF CONTENTS (continued)

Page
DISCUSSION . .ttt 44
Dataand Method Shortcomings . . .. ..o oot e 44
Factors Influencing ReturnsfromControl . ............. .. ... i 46
CONCLUSIONS . . e e e e 48
REFERENCES . . .. e e e 50
APPENDIXES
Appendix A: Moddl Parameters . ... 53
Appendix B: Sheep Enterprise CoefficientsandBudgets . ......................... 59
AppendiX C: FENCING COSS . . . oo ottt e 81
Appendix D: Alternative Leafy Spurge Control Scenarios. .. ....ooo v ii e e s 89



10

11

12

13

14

List of Tables

Page
Egtimated Grazing Loss Over Ten Years, by Size and Dendty of Various
Leafy Spurge Infestations . .. ...t e 14
Present Vaue of Lost Grazing Outputs From a 25-Acre Leafy Spurge Infestation
Expanding a Various RaAesOver I0YEaArS . ... ..ottt 15
Returns to Unpaid Labor, Management, and Equity for Various Sheep
Enterprise Scenarios, Western NorthDakota . .. ............ oo, 16
Estimated Fencing Costs for New and Modified Fence for Various Pasture
and Infestation Sizes, With and Without Debt, Seasond Grazing . . ................... 18
Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep
Grazing, Under the No Debt, Good Management, Seasonal Grazing Scenario . .......... 20
Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep
Grazing, Under the With Debt, Good Management, Seasond Grazing Scenario . ......... 21
Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep
Grazing, Under the No Debt, Poor Management, Seasond Grazing Scenario . .......... 22
Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep
Grazing, Under the With Debt, Poor Management, Seasond Grazing Scenario .......... 23
Least-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under the
No Debt, Poor Management, Seasond GrazingScenario ..., 26
Leadt-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under the
With Debt, Poor Management, Seasonal Grazing Scenario ..., 27
Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep
Grazing, Under the No Debt, Good Management, Rotational Grazing Scenario . ......... 29
Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep
Grazing, Under the With Debt, Good Management, Rotationd Grazing Scenario ......... 30
Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep
Grazing, Under the No Debt, Poor Management, Rotationa Grazing Scenario . . ......... 31

Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep
Grazing, Under the With Debt, Poor Management, Rotational Grazing Scenario ......... 32



16

17

18

19

20

Figure

List of Tables (continued)

Least-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing,

Under the No Debt, Poor Management, Rotational Grazing Scenario . ............

Leadt-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing,

Under the With Debt, Poor Management, Rotational Grazing Scenario .. ..........

Long-term Net Returns Per Acre from the Control of Leafy Spurge Using

Sheep Grazing with Sheep Leasing ($1.00 per head per month), Seasona Grazing . . .

Long-term Net Returns Per Acre from the Control of Leafy Spurge Using

Sheep Grazing with Sheep Leasing ($2.00 per head per month), Seasond Grazing . . .

Least-loss Andlysis of the Control of Leafy Spurge Using Sheep Grazing with Sheep

Leasing ($1.00 per head per month), Seasond Grazing . ... ...,

Least-loss Andlysis of the Control of Leafy Spurge Using Sheep Grazing with Sheep

Leasing ($2.00 per head per month), Seasond Grazing . .. .....................

List of Figures

Economic Evauation Mode of the Control of Leafy Spurge Using

Sheep and Goat Grazing . . . . . oottt e e e

Reationship between Grass Production and Leafy Spurge Infestation Density ... . . ..

Grass Consumption by Cattle within Leafy Spurge Infestations Controlled

WItN ShEED Grazing . . . oot e e



A2

A3

A4

A5

A6

Bl

B2

B3

B4

B5

B6

B7

B8

B9

B10

B1l

B12

B13

List of Appendix Tables

Page
Recommended Sheep and Goat Stocking Rates for Leafy SpurgeControl .. ............ 55
Leafy Spurge Dendty Reduction, Sheepand Goat Grazing .. ........ccovivinnnn... 55
Rate of Expangon of Leafy Spurge Infestation, under Goat and Sheep Grazing . ......... 56
Reationship between Infestation Dendty and Forage Available to Catle,

Initid CoNAItIONS . . . . ..o e 56
Grass Utilization of Avallable Forage within Leafy Spurge Infestations, Cattle ........... 57
Stocking Rate Reduction for Sheep and Goat Grazing of Leafy Spurge ... ............. 57
Sheep Enterprise Coefficientsand Characteridtics ... ... 62
Sheep Enterprise Size, Over 10 Years of Leafy Spurge Control, Good

Enterprise Management . ... ... e 64
Sheep Enterprise Size, Over 10 Years of Leafy Spurge Control, Poor

Enterprise Management . . ... .ot 65
Sheep Enterprise Size, Over 10 Years of Leafy Spurge Control, Wether Flock . ....... .. 66
Sheep Enterprise Budgets, Years1and 2 .. ... ..ot 67
Sheep Enterprise BUAgELS, Year 3 . ..o 68
Sheep EnterpriseBudgets, Years4and 5 ... ... ..o 69
Sheep Enterprise BUdgELS, YEAr 6 . ... .o 70
Sheep ENterprisSe BUAGELS, YEar 7 . ..o e 71
Sheep Enterprise Budgets, Years8 Through 10 . ....... ... .. .. 72
Budgets, Smal Fock, No Debt, Good Management, Years1 Through10 ............. 73
Budgets, Smal Fock, With Debt, Good Management, Years1 Through10 ............ 74
Budgets, Small Fock, No Debt, Poor Management, Years1 Through10 .............. 75



B15

B16

B17

B18

C1

C2

C3

C4

C5

C6

D1

D2

D3

D4

List of Appendix Tables (continued)

Page
Budgets, Smal Fock, With Debt, Poor Management, Years1 Through10 . ............ 76
Budgets, Large Flock, No Debt, Good Management, Years1 Through10 ............. 77
Budgets, Large Flock, With Debt, Good Management, Years1 Through10 .. .......... 78
Budgets, Large Flock, No Debt, Poor Management, Years1 Through10.............. 79
Budgets, Large Flock, With Debt, Poor Management, Years1 Through10............. 80
Approximate Materid Requirements for New Barb Wire Fence,
SEB0NA GIaZING . .. oottt e e 83
Approximate Materia Requirements for Modified Barb Wire Fence,
SEa0NA GIaZiNg . . . oottt e e 84
Approximate Materid Requirements for New Barb Wire Fence,
ROEIONA Grazing . ..o oottt e e e e e e e e e 85
Approximate Materia Requirements for Modified Barb Wire Fence,
ROEIONA Grazing . ..o oottt e e e e e e e e 86
Fence Expenses, New and Modified Fence, Seasond Grazing . ..................... 87
Fence Expenses, New and Modified Fence, Rotationd Grazing .. ................... 88
Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the No Debt, Good Management, Seasonal
Grazing Scenario ($12 per AUM) ..o 90
Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the With Debt, Good Management, Seasond
Grazing Scenario ($12 per AUM) ..o 91
Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the No Debt, Poor Management, Seasond
Grazing Scenario ($12 per AUM) ..o 92
Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the With Debt, Poor Management, Seasond
Grazing Scenario ($12 per AUM) ..o 93



D6

D7

D8

D9

D10

D11

D12

D13

D14

D15

List of Appendix Tables (continued)

Page

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the No Debt, Good Management, Rotationa
Grazing Scenario ($12 per AUM) ..o e 94

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the With Debt, Good Management, Rotationa
Grazing Scenario ($12 per AUM) ..o e 95

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the No Debt, Poor Management, Rotationa
Grazing Scenario ($12 per AUM) ..o 96

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the With Debt, Poor Management, Rotationa
Grazing Scenario ($12 per AUM) ..o 97

Least-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under
the No Debt, Poor Management, Seasona Grazing Scenario ($12 per AUM) ........... 98

Leadt-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under
the With Debt, Poor Management, Seasonal Grazing Scenario ($12 per AUM) . ......... 99

Least-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under
the No Debt, Poor Management, Rotational Grazing Scenario ($12 per AUM) ......... 100

Leadt-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under
the With Debt, Poor Management, Rotational Grazing Scenario ($12 per AUM) . ... ... 101

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing with Sheep Leasing ($1.00 per head per month),
Seasond Grazing Scenario ($12 per AUM) ..o 102

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing with Sheep Leasing ($2.00 per head per month),
Seasond Grazing Scenario ($12 per AUM) .o 103

Least-loss Andlysis of the Control of Leafy Spurge Using Sheep Grazing

with Sheep Leasing ($1.00 per head per month), Seasond Grazing
Scenario (P12 per AUM) ..o 104

Vi



Table
D16

D17

D18

D19

D20

D21

D22

D23

D24

D25

D26

List of Appendix Tables (continued)

Least-loss Andlysis of the Control of Leafy Spurge Using Sheep Grazing
with Sheep Leasing ($2.00 per head per month), Seasond Grazing
Scenario (P12 per AUM) ..ot 105

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the No Debt, Good Management, Seasonal
Grazing Scenario (B18 per AUM) ... oo 106

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the With Debt, Good Management, Seasond
Grazing Scenario (B18 per AUM) ... oo 107

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the No Debt, Poor Management, Seasond
Grazing Scenario (B18 per AUM) ... oot 108

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the With Debt, Poor Management, Seasond
Grazing Scenario (B18 per AUM) ... oot 109

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the No Debt, Good Management, Rotationa
Grazing Scenario (B18 per AUM) ... oot 110

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the With Debt, Good Management, Rotationa
Grazing Scenario (B18 per AUM) ..ot 111

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the No Debt, Poor Management, Rotationa
Grazing Scenario (B18 per AUM) ..ot 112

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing, Under the With Debt, Poor Management, Rotationa
Grazing Scenario (B18 per AUM) ... oot 113

Least-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under
the No Debt, Poor Management, Seasonal Grazing Scenario ($18 per AUM) .......... 114

Leadt-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under
the With Debt, Poor Management, Seasona Grazing Scenario ($18 per AUM) ......... 115

viii



D28

D29

D30

D31

D32

List of Appendix Tables (continued)

Least-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under
the No Debt, Poor Management, Rotational Grazing Scenario ($18 per AUM) .

Leadt-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under
the With Debt, Poor Management, Rotational Grazing Scenario ($18 per AUM)

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing with Sheep Leasing ($1.00 per head per month),
Seasond Grazing Scenario (P18 per AUM) .. ..o

Long-term Net Returns Per Acre from the Control of Leafy Spurge
Using Sheep Grazing with Sheep Leasing ($2.00 per head per month),
Seasond Grazing Scenario (P18 per AUM) .. ..o

Least-loss Andlysis of the Control of Leafy Spurge Using Sheep Grazing
with Sheep Leasing ($1.00 per head per month), Seasond Grazing

Scenario (P18 per AUM) . ..o

Least-loss Andlysis of the Control of Leafy Spurge Using Sheep Grazing
with Sheep Leasing ($2.00 per head per month), Seasond Grazing

Scenario (P18 per AUM) . ..o



Abstract

Leafy spurge (Euphorbia esula L.), awidely established exatic, noxious, perennia weed, isa
magor threat to rangeland and wildland in the Upper Great Plains. Chemicd, biologicd, and cultura
control methods have limitationsin their gpplicability and effectivenessin treating leafy sourge.
However, many of the congraints prohibiting the use of herbicides, tillage, and biologica controls do
not gpply to sheep grazing. Sheep grazing, while known to be effective in controlling leafy spurge snce
the 1930s, has lacked widespread adoption as a leafy spurge control.

A deterministic, bioeconomic mode, incorporating relationships between sheep grazing and
leafy spurge control, grass recovery, and forage use by cattle, was devel oped to evauate the economic
viahility of usng sheep to control leafy spurge. Discounted annua control costs were compared to
discounted annual control benefits over 5-year, 10-year, and 15-year periods.

Various scenarios were developed depicting likely situations involving adopting a sheep
enterprise or leasing sheep for leafy spurge control. Situationd factors considered included fencing
expenses, debt congderations, grazing values, infestation Size, infestation canopy cover, rangeland
productivity, and flock performance. Two levels of flock profitability, one based on alevd of
proficiency achieved by sheep ranches and one substantialy lower than typicaly achieved in the sheep
industry, represented best-case and wordt-case Situations, respectively.

In the best-case Situations, using sheep to control leafy spurge was economicd in dl of the
control scenarios examined. However, in the worst-case Stuations, economics of using sheep to
control leafy spurge were mixed across the scenarios examined. Leafy spurge control with poor sheep
management, high fence expense, and unproductive rangeland generdly was not economical.

However, stuations with low fencing costs, moderately productive rangeland, and poor sheep
management resulted in less economic loss than no treatment.

Although many of the key relationships tying lesfy sourge control to grazing benefits remain
unguantified, the economics of sheep grazing were positive across many of the scenarios evauated in
thisstudy. Actud returns from lesfy spurge control for most ranchers will likely fall between the two
extremes examined. Asaprecaution, careful evaluation using site- and rancher-specific inputs would
be recommended before implementing sheep grazing as aleafy spurge control method.

Key Words: Leafy Spurge, Weed Control, Sheep Grazing, Economics



Highlights

Leafy spurge (Euphorbia esula L.), awidely established exatic, noxious, perennia weed, isa
magor threat to rangeland and wildland in the Upper Great Plains. Chemicd, biologicd, and cultura
control methods have limitationsin their gpplicability and effectivenessin treating leafy sourge.
However, many of the congraints prohibiting herbicides, tillage, and biologica controls do not apply to
sheep grazing. Sheep grazing, while known to be effective in controlling leafy spurge since the 1930s,
has lacked widespread adoption as a control method.

A determinigtic, bioeconomic model was developed to eva uate the economics of using sheep
to control leafy spurge. Relationships between sheep grazing and leafy spurge control, leafy spurge
spread, grass recovery, and grass use by cattle were developed from secondary sources and
consultation with weed and range scientists. The modd estimates the economic feasibility of using
sheep to control leafy spurge using two economic measures. (1) benefit-cost andys's, which compares
trestment costs (sheep enterprise returns and fencing expenses) with treatment returns (grazing outputs
retained from preventing spread and grazing recovery from within infestations) and (2) least-loss
andyds, which compares losses with sheep grazing to losses without control. The economic viability of
using sheep to control leafy spurge was evaluated by discounting trestment costs and benefits over 5-
year, 10-year, and 15-year periods.

A basic premise of this study was that sheep would be acquired for leafy spurge control through
leasing or adding a sheep enterprise to an existing ranch. Seasond and rotational grazing strategies
were congdered under a mixed-species approach. Both seasonal and rotational grazing systems would
last four months, with rotationa grazing conssting of a twice-over approach using dternating 1-month
periods per pasture.

Sheep enterprise budgets were developed to accommodate different combinations of flock
performance, debt structure, and flock size, reflecting likely Stuations facing cattle ranchers adopting a
sheep enterprise for leafy spurge control. Sheep enterprises were based on lambing in February, with
spring lambs retained and sold in the fal as market lambs, and ewes and rams used for grazing leafy
spourge. Net returns to unpaid labor, management, and equity for the enterprisesinitidly ranged from
$45.21 per ewe (best-case scenario) to ($5.58) per ewe (worst-case scenario). Budgets were
generated to accommodate changes in flock size and debt expiration during a 10-year period. Sheep
leasing was based on rental rates of $1 and $2 per ewe per month grazed.

Fencing expenses included modifying an exigting fence or condructing new fence. Modified
fencing was based on adding 2 barb wires to an existing 3- or 4-wire fence. New fence required 6
barb wires, line pogts, and corner posts. Fencing costs were estimated for various pasture sizes and
were cdculated independent of the sheep enterprise budgets.

A number of Stuations or scenarios were used to eva uate the economics of using sheep to

control leafy spurge. However, pasture size was limited to 350 acres, infestation Sizes were set a 50
and 250 acres, infestation spread was set at 2 radia feet per year, infestation canopy cover was

X



assumed to increase by 1.5 percent annudly, and AUMs were valued at $15. Infestation cover
included 5, 15, and 30 percent, which represented low (17 percent loss), moderate (50 percent 10ss),
and high (100 percent) grazing losses (for cattle) within the leafy spurge infestation, respectively. All
Stuations were eva uated at carrying capacities ranging from 0.20 to 0.90 AUMSs per acre.

In the best-case scenarios (i.e., those typified by positive enterprise returns), net returns
(treatment benefits less control cogsts) from leafy sourge control under seasond grazing strategies were
subgtantid in dl periods. In the 5-year period, discounted net returns from leafy spurge control ranged
from about $80 to $180 per acre, depending upon infestation size, fencing expenses, infestation cover,
and carrying capacity. Over 10 years, discounted net returns ranged from $150 to $270 per acre. Ina
15-year time frame, discounted net returns ranged from $170 to $340 per acre.

In the worst-case scenarios, (i.e., those typified by negative enterprise returns), discounted net
returns from leafy spurge control under seasona grazing strategies ranged from about ($50) to $18 per
acre in the 5-year period, depending upon infestation Size, fencing expenses, infestation cover, and
rangeland carrying capacity. Over 10 years, discounted net returns from control ranged from ($75) to
$50 per acre. Ina15-year time frame, discounted net returns ranged from ($85) to $80 per acre. The
Stuations where net returns from control were negetive included those with low leafy spurge cover, high
fencing expenses, low rangeland carrying capacities, and negative enterprise returns.

Over the 5-year period in the worst-case scenarios, only Situations with high rangeland
productivity and high leafy spurge cover (15 to 30 percent) resulted in less economic loss than with no
control. With 5 percent leafy spurge cover, none of the scenarios with negative enterprise returns
would be recommended, as economic losses with control exceeded losses without control. Over the
10-year period, most scenarios with high rangeland productivity and high leafy spurge cover resulted in
less economic loss than with no control. Many of the worst-case Situations with new fence and low
leafy spurge cover would not be recommended within the 10-year period. However, with new fence
and high leafy spurge cover, both large and small infestations could be recommended for al but the
least productive rangeland. Over the 15-year period, many of the scenarios with large infestations or
with modified fence would be recommended. However, even within the 15-year period, some new
fence scenarios would not be recommended.

The economics of leasing sheep for leafy spurge control were evaluated using $1 and $2 per
head per month |ease rates with seasond grazing strategies. In the 5-year period, returns for the $1
lease rate varied from ($32) to $11 per acre. No scenarios produced positive net returnsin the 5-year
period with the $2 lease rate. In the 10-year and 15-year periods, no scenarios with low levels of leafy
spurge cover produced positive net returns with the $1 lease rate. With high levels of lesfy spurge
cover, the $1 lease rates provided positive net returns only in rangeland with carrying capacities of 0.40
AUMs per acre or higher. With the $2 lease rate, only scenarios with high levds of leafy spurge cover
and high rangeland carrying capacities produced positive net returns from leafy spurge contral in the
10-year and 15-year periods.

Xii



Geneardly, lease rates of $2 per head per month were not economica in most control Stuations.
However, alease rate of $1 per head per month was economica in many of the control Situations
examined.

A multitude of factors can influence the economics of using sheep to control leafy spurge. One
of the biggest factors influencing returns from leafy spurge control was enterprise returns, or more
fundamentdly, flock performance (e.g., lambing rate, weaning weight, degth loss). When flock
performance approached the level obtained by proven sheep producers, enterprise returns were
positive, and subsequently net returns from leafy spurge control were positive.

The economics of using sheep grazing to control leafy spurge gppear promising. Although
many of the key relationships tying leafy spurge control to grazing benefits remain unquantified, the
economics of sheep grazing were postive across many of the scenarios evaduated in thisstudy. A
number of factors influenced both the costs and returns from using sheep grazing as aleafy spurge
control. Generd flock performance (e.g., lambing rate, weaning weight, degth loss) had the greatest
effect on returns from leafy sourge control. Other congderations, such as fencing expenses and
enterprise debt, dso influenced returns from control. Smal flocks (flock Sze was tied to leafy spurge
acreage) were less economica than large flocks. Also, leafy spurge canopy cover, AUM vaues, and
rangeland productivity each directly (proportiond to changesin those vaues) affected returns from
control. However, even some of the most pessmigtic Stuations (e.g., poor flock performance, debt
overhead, new fence expenses) resulted in less economic loss with grazing controls than without
controlling leafy spurge. However, many Stuations were aso not economical.

While using sheep to control leafy spurge could be economica in many sSituations (based on the
limitationsin this sudy), a careful evduation usng ste- and rancher-gpecific inputs would be
recommended before implementing sheep grazing as aleafy spurge control method. Aswith any
decison regarding along-term strategy to control leafy spurge, information in this study should be used
in conjunction with other information and with consultation with weed scientists when formulating long-
term control strategies.
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Economic Analysis of Controlling L eafy Spurge with Sheep
Dean A. Bangsund, Dan J. Nudell, Randall S. Sdll, and F. Larry Leigtritz’
INTRODUCTION

Leafy spurge (Euphorbia esula L.), first introduced in North Americain the 19th century, was
found in North Dakota in 1909, and was consdered a threet to rangeland in the Great Plains as early
as 1933 (Hanson and Rudd 1933). The weed currently infests large amounts of untilled land in the
Pains and Mountain sates. Once established on untilled land, the weed spreads quickly, displacing
native vegetation. Leafy spurge has unique characterigics that give it a competitive advantage over
most native plants and provide it with naturd defenses againgt cattle grazing. Leafy Spurge can cregate
serious economic losses for land owners and ranchers (Leitch et a. 1994).

Current control technologies are ineffective in eradicating established infestations. Although
leafy spurge can be controlled through chemicd, biological, and culturd methods, each control
gpproach has limitations in its gpplicability and effectivenessin tregting dl lesfy spurge infestations.
Cultivation will control and can eradicate leafy spurge, but this method is not feasible on most rangdand
and other untillable land. Herbicides often have economic and environmenta restrictions and
congtraints prohibiting their use (e.g., riparian areas, wooded aress, areas inaccessible to sprayers,
uneconomical on large infestations); athough they remain the most widdly used control method (Sl et
a. 1998). Biologicd controls, while showing promisein becoming an effective tool to control leefy
spurge, will not control al leafy spurge infestations (Bangsund et d. 1997; Hansen et d. 1997).
Biologicad agents have been unable to establish on many leafy ourge infestationsin the upper Gresat
FMains. Culturd methods such as burning and mowing, by themsdves, are generdly ineffectivein
controlling infestations (Lym and Zallinger 1995). Reseeding untillable lands with competitive grasses
has many of the same limitations found with using cultivation as a control method. Grazing with sheep
and goats, while known to be effective in controlling leafy sourge since the 1930s, has lacked
widespread adoption (Sedivec et a. 1995; Sdll et &. 1998).

Regardless of the control method employed, many factors affect the economic feasibility of
leafy spurge treetments. The long-term economic feasibility of herbicide control of leafy spurge has
been examined (Bangsund et d. 1996) but few analyses of the long-term economic feashility of usng
sheep and/or goats have been conducted. Williams et d. (1996) showed that adding a sheep
enterprise to an existing ranch to control leafy spurge could be profitable. Generdly, usng a sheep
enterprise to utilize lost forage (i.e., lost to cattle) from leafy ourge infestations was economica under a
variety of infestation rates and pasture sizes, providing net returns from the sheep enterprise were
postive. Williams et d. (1996) did not evauate the economic feasbility of usng sheep to control leafy
Spurge when enterprise net returns were negative or evauate the economic feasbility of leasng animals
for contral purposes. Many questions remain regarding the economic feasbility of usng sheep to
control leafy spurge.

*Bangsund and Sell areresearch scientistsand Leistritzisaprofessor, Department of Agricultural Economics, North
DakotaState University, Fargo; Nudell isaresearch specialist at the Hettinger Research Extension Center, North Dakota
State University, Hettinger.



A god of this study isto help determine how sheep grazing could fit into an integrated pest
management gpproach to control leafy spurge by providing economic information for land ownersto
use in asessing ther long-term control Strategies. Leafy sourge can be controlled using chemicd,
cultura, and biologica methods. However, the economic feasibility and applicability of leafy sourge
controls varies by the Sze and nature of leafy sourge infestations and by the type of control method.
Generdly, herbicides gppear to be economical on small patches. However, not dl smal patches are
auitable for herbicides (e.g., riparian areas, sprayer accessbility). Herbicides, used in conjunction with
tillage and reseeding, have been shown to be effective in leafy spurge control, but tillage techniques are
not suitable in most rangeland stuations. Where suitable, biologica agents may offer an economicaly
attractive solution. But as current research has shown, not dl leafy spurge infestations will support
biologica agents. However, many of the congraints prohibiting herbicides, tillage, and biologica
controls (i.e., prohibitive expense, unsuitable land, and physiologica barriers) do not gppear to
eliminate sheep grazing as a possble contral.

A logica scenario (control approach) in the future may be the use of sheep to control
infestations which are not appropriate or feasible for spraying, tillage, or biologica agents or use sheep
grazing in combination with other controls. Sheep grazing will have arole to play in the control of leafy
sourge. However, additiond information on the financid and economic congraints on using sheep
grazing to control leafy spurge is needed.

OBJECTIVES

The purpose of thisreport is to evauate the economic feasibility of using sheep to control |eafy
sourge in rangeland. Specific objectives include:

1) esimate the benefits of usng sheep for leafy sourge contral,
2) edimate the costs of using sheep for leafy spurge contral,
3) identify factors affecting the economics of using sheep to control leafy sourge, and

4) evduate the long-term economic viability of usng sheep to control leafy spurge.



PROCEDURES

Two mgor efforts were required to assess the economic feasbility of using sheep to control
leafy spurge. First, amoded was devel oped to track the benefits and costs of |eafy spurge contral.
Second, the costs and returns for sheep enterprises, under various conditions, were estimated. The
following sections describe these procedures.

Model Design

Leafy spurge contral is along-term management problem since (1) the weed cannot be
eradicated economicaly with current technology,* (2) uncontrolled infestations have detrimenta long-
term consequences for grazing land, and (3) time lags often exist between trestments and returns. The
overdl framework for the economic andys's was based on evauating grazing scenarios that would most
likely be incurred by ranchers adopting sheep or goat grazing as a control method.

A determinigtic, smulation mode was devel oped to evauate the economics of using sheep and
goats? to control leafy spurge. The modd was aso used to determine which variables influence the
economic feashility of various grazing strategies. Economic feasibility compares long-term costs with
long-term benefits. Financid feasbility, which generdly addresses cash flow issues and financid
congraints, was not addressed. From arangeland management perspective, leafy spurge primarily
affects cattle grazing. The basic premise of this study is that sheep or goat grazing (of leafy spurge) will
be used by ranchers to improve grazing output for cattle in leafy spurge infested rangdand. Generd
modd design was adapted from Bangsund et a. (1996).

Given aninitid leafy ourge infestation, the modd predicts leafy sourge Soread and the
corresponding annua losses in grazing output from that infestation (Figure 1). The effects of sheep or
goat grazing on infestation canopy cover (i.e., dengity), Soread rates, grazing recovery rates, and grass
rgjuvenation were incorporated. The dynamics of contral (i.e., changesin canopy cover, rate of
goread, and grass recovery) were based on secondary information and consultation with weed and
range scientists. The economic feagihility of using sheep to control leafy spurge was evauated using
various scenarios which reflect likely Stuations facing cattle ranchers adopting a sheep enterprise for
leafy spurge contral.

lLea]‘y spurge has been eradicated using tillage activities in combination with fertilization in cropland (Lym and
Messersmith 1993). However, the techniques used are not feasible in most grazing land situations.

2The economicsof goat grazing were not eval uated in this study; however, the effects of goat grazing of | eafy spurge
and the capacity to evaluate the economics of goat grazing were incorporated into the model.
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Figure 1. Economic Evauation Modd of the Control of Leafy Spurge Using Sheep and Goat Grazing



The annud difference between treatment expenses and the vaue of grazing outputs recovered
and retained through treatment were discounted over time (up to 15 years) to provide along-term
perspective’ for various control scenarios. A 4 percent discount rate was used. A lower rate would
improve the value of returns relaive to the codts of grazing control, conversely a higher rate would
reduce the value of returnsrelative to costs.

Model Components

The key components of the grazing control mode included the interaction or relationship
between leafy spurge control using sheep or goats and forage recovery by cattle, sheep enterprise
budgets, aleafy spurge growth (patch expansion) component, and an economic andys's component.

L eafy Spurge Expansion

Leafy spurge expansion was based on a modd adapted from Bangsund et . (1993).
Egtablished leafy spurge infestationsin the Upper Midwest expand & arate of about two radid feet
annudly. However, the rate of annua spread was dlowed to change, accounting for possible variations
in growth environments. Unless the growth rate was modified, expanson in this sudy was assumed
uninterrupted without congtraints from other weed patches, cropland boundaries, water boundaries,
roadways, or other natural or man-made obstacles. The effect that existing infestations may have in the
establishment of new patches was not considered. Also, the benefit of reducing or eiminating seed
production was not included in the modd.

L eafy Spurge Control

Rotationa (two 1-month periods) and seasond (4 months) grazing strategies were considered.
In arotationa system, sheep or goats would aternate monthly between two pastures during the grazing
season.  Each pasture would be grazed atota of two nonconsecutive months, but each pasture would
be grazed a a higher stocking rate than the seasond grazing approach. Sheep or goats were assumed
to be on summer pasture for atotal of four months. The second strategy would use grazing animals for
an entire season in one pasture. Seasona grazing strategies would use alower stocking rate than used
in the rotationa system. Both grazing systems would be expected over time (severa grazing seasons)
to reduce existing infestation canopy cover and aso prevent plant spread.

A mixed-species grazing approach was assumed. Research has indicated that one ewe can be
added per cow without affecting cattle production (Umberger et d. 1984; Glimp 1988; Nelson et dl.
1992; Sedivec 1995). The acreage of leafy spurge was used to determine the number of sheep
required for control. Adding sheep at arate of one ewe per acre of leafy sourge was assumed to not

3The model was desi gned to eval uate the economicsof grazing scenariosover varioustime periods; however, many
of the model parameters for leafy spurge control, grass use, forage recovery, etc. were only estimated over a 10-year
period. Evenwithinthe 10-year time horizon, many of those rel ationships represent “ best estimates’ of range and weed
scientists. Thus, for analyses using the 15-year time horizon, model parameters were held constant at the rate or level
incurred in year 10. For example, leafy spurge control in year 13 would equal the level of control prescribed in year 10.
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violate the rule of adding one ewe per cow to agiven pasture. Thetype of grazing strategy influenced
the stocking rate for sheep in the pasture (Appendix A). The stocking rate for cattle was assumed to
remain unchanged the first year of sheep grazing and assumed to increase over time as the carrying
capacity (for cattle) increased with improved levels of leafy sourge control. [Note: the modd vaued
the change in grass production (in AUMSs) and assumed (1) ranchers adjusted cattle stocking rates or
grazing duration to accommodate the increase in grazing output, (2) initia cattle stocking rates were
appropriate for the land prior to leafy spurge treatment, and (3) reductions in sheep stocking rates were
implemented over time].

Leafy spurge control using sheep or goat grazing was based on information obtained from
secondary sources and consultation with weed and range scientists. Control of leafy spurge was
modeled as afunction of time (i.e., years grazed), assuming the same flock is used to graze leafy spurge
each year and that proper stocking rates are maintained (Figure 2). In a seasond grazing strategy, leafy
spurge control remains relatively low during the firgt three years, however, control increases
subgtantidly in subsequent years. In arotationa grazing strategy, leafy spurge density was modeled to
actualy increase after the first season. However, after the third year of arotationd grazing strategy,
leafy spurge control beginsto parale control found with a seasond Strategy. After 10 years of sheep
grazing, annud control in both Srategies is maximized; however, the amount of annud reduction in
canopy cover with rotationa grazing remains less than seasond grazing. Control in years 4 through 10
are based on “best estimates’ by weed and range scientists, since sufficient information from range and
grazing tridswas not available. Control was defined as a percentage of the previous year's density or
canopy cover { e.g., density(year 2)-[density(year 2) x control(year 2)] = density(year 3)}.
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Figure 2. Leafy Spurge Control with Sheep Grazing, Seasond and Rotational Strategies



The rate of leafy spurge spread under sheep and goat grazing was modeled as afunction of the
number of years of grazing. Since the model can accommodate various rates of expanson, reduction in
the rate of spread was estimated as a percentage of actual spread (Figure 3). In a seasona grazing
drategy, leafy spurge expangon is hated in the fourth year of sheep grazing. In arotationd grazing
drategy, five years of sheep grazing would be required to hdt leafy spurge expansion.
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Figure 3. Rate of Leafy Spurge Expansion with Sheep Grazing, Seasona and Rotational Strategies

Grazing Reduction Model

One of the key components in the modd is the relationship between infestation dengty or
canopy cover and lost grazing capacity (for cattle). In order to estimate the losses from leafy spurge
infestations, the andysis of the economics of sheep grazing required estimating the amount of forage lost
to cattle that results from various leafy spurge infestations. The interaction between lost grazing
capacity (cattle) and infestation canopy cover was estimated from consultation with range scientists
(Appendix A). The degree of lost grazing capacity within aleafy spurge infestation was estimated as
linear function of canopy cover (Figure 4). Cattle avoid grazing within lesfy spurge infestations, and this
avoidance becomes acute with modest infestation dendties. Once a leafy spurge infestation represents
about one-third of the canopy cover (top growth) within the patch, grazing consumption by cattle within
the infestation has been diminated (assuming the stocking rate for cattle is proper for the carrying
capacity of the land). The modd assumes that a 30 percent canopy cover would roughly trandate to
about 80 to 130 stems/M?2.
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Forage Recovery

The relationships between canopy cover reduction, grass utilization (cattle), and grass
production over time were estimated from secondary sources (Lym et . 1997; Sedivec et d. 1995)
and from consultation with weed and range scientists (Appendix A).

The basic approach to estimating the amount of forage consumed by cattle was based on two
factors: (1) the amount of grass available within leafy spurge infestations and (2) the amount of
available grass that cattle would graze. The modd assumes that as lesfy spurge infestations increase in
dengity, grass production within those infestations decreases (Figure 5). The relationship between leafy
spurge density and grass production was based on the ability of leafy spurge to out compete native
vegetation and create near monocultures (Watson 1985; Messersmith et a. 1985).

Since sheep will not eradicate leafy sourge, the mode assumes that sheep will not eiminate
enough leafy spurge to overcome cattle avoidance to grazing within leafy spurge infestations. Since
control was based on afunction of time, the rate of grass consumption by cattle was dso modeled as a
function of the number of years of sheep grazing (Figure 6). Thus, even after 10 years of control with
sheep or goats, forage consumption by cattle within leafy spurge infestations was assumed to remain
below that of uninfested rangeland, since some avoidance to grazing within the infestation would remain
and grass production within the infestation would likely remain below that of uninfested rangeland, due
to competition by leafy spurge roots. Grass production within the infestation was modeled to increase
over time as infestation density was reduced; however, congraints on the increase in grass production
were incorporated into the modd to prevent forage production from equaing uninfested rangeland
productivity (Appendix A).
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Sheep Enterprise Budgets

A basic premise in this sudy was that sheep would be added to leafy spurge infested rangeland
ether through (1) adoption of a sheep enterprise by an exigting ranch or (2) leasing sheep during the
grazing season.

All budget scenarios, with the exception of the wether flock, represent typical sheep operations
in western North Dakota. Breeding stock was commercia Western White-faced ewes and black-
faced rams. Replacements were raised with spring lambs fed during the summer and marketed in the
fdl as daughter lambs. Ewes were assumed to lamb in February. Only ewes and rams were assumed
to be used for grazing leafy spurge.

Severd possible sheep enterprise scenarios were budgeted. FHock performance will likely vary
depending upon the management ability and anima husbandry of ranchers and producers. Some
ranchers may be able to obtain higher flock performance or efficiency than others. Also, some ranchers
or producers may be more willing or able to put the required time and effort into obtaining greeter flock
performance. Thus, budgets for good and poor flock performance were developed (Appendix B).

Financia capabilities and resources of ranchers and producers vary. Some ranchers may be
able to readily adopt a sheep enterprise without financid difficulty; however, others may not have the
necessary capita or funds for such aventure. Thus, budgets with no debt and partid debt (i.e,
breeding stock and equipment) were developed (Appendix B).

Budgets for small and large flocks were devel oped to accommodate different levels of
enterprise size. Small flocks were based on 60 ewes and large flocks were based on 200 ewes. Thus,
budgets for eight combinations of flock performance, size, and debt for breeding flocks were developed

(Appendix B).

Some ranchers and producers may wish to use sheep for leafy spurge control, but do not have
the desire or ability to maintain a breeding flock. Thus, large, small, debt, and no debt budgets were
developed for wether flocks (Appendix B).

After thefirgt three or four years of agrazing control program, the number of sheep needed for
leafy spurge control generally decreases (Sedivec et a. 1995). Initid stocking rates for sheep were
based on geographic location within the state and the number of months grazed (Appendix A).
Stocking rate reductions were estimated as a percentage of the initid stocking rate, based on species
grazed and grazing system (Appendix A). Budgets for each production scenario were estimated for
each year of a 10-year period to accommodate changing flock size and corresponding changesin debt
(Appendix B). Production coefficients, salling prices, and variable expenses were fixed over the 10-
year period. The amount of fixed expense, excluding debt cogts, remained unchanged over the 10-year
period; however, expenses per ewe changed with reductionsin flock size (Appendix B).
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In addition to estimating budgets for a variety of production scenarios, fencing costs were
estimated separately for avariety of infestation and pasture sizes. Costs were developed for new fence
congtruction and for modifying existing fence (Appendix C). Fence expenses (i.e,, new or modified
fence, debt or no debt) in the model were based on pasture size. In the scenarios that evaluated debt
consderations, debt costs for a portion of the fencing expenses were adso estimated (Appendix C).
The modd treated fencing cogts separately (i.e., those costs were not specifically estimated in theinitid
budget andlyss), instead, fencing costs were added to the overhead portion of the enterprise budgets
after fencing expenses were estimated.

Model Outputsand Assumptions

The model sartswith initia values describing the physical and economic characterigtics of an
infestation (e.g., infestation Sze, Soread rate, grazing values). The opportunity cost of no contral is
measured by estimating the loss of grazing from the initia infestation and the subsequent losses from
expanson. The benefits of control include (1) recgpturing grazing outputs from current infestations and
(2) maintaining exigting grazing outputs by preventing infestation expanson. The cogts of control
included ether (1) materid, equipment, and renta expenses in the scenarios examining lease
arrangements or (2) net returns from sheep enterprises. Net returns (revenues less expenses) from
sheep enterprises could be postive or negative.

Grazing land output is typicaly measured by livestock carrying capacity. Carrying capecity was
assumed to be the highest sustainable stocking rate possible without incurring damage to vegetation or
related resources. Carrying capacities are generdly measured in anima unit months (AUMS). An
AUM is an average amount of forage needed to feed one anima unit (AU) for one month. An AU is
typicaly condgdered a mature cow welghing gpproximately 1,000 pounds or an equivaent grazing
animal(s) based on an average feed consumption of 26 pounds of dry matter per day (Shaver 1977).
Carrying capacities of uninfested land were assumed to remain unchanged during the treatment period.

Grazing vaues were based on a reasonable range of AUM vaues varying from $12 per AUM
to $18 per AUM. Therange of AUM values used was based on grazing land renta rates and county-
wide carrying capacities in North Dakota (Bangsund et d. 1996). Cash rents represent an andyticaly
atractive measure of the value of grazing since (1) they should closely approximate the contribution of a
unit of grazing to arancher's income under conditions of a competitive market and (2) variations among
rentd rates for land tracts or areas should reflect differences in productivity.

A Grazing Reduction Modd (GRM) (see Figure 4) was used to estimate grazing loss by cattle
within leafy spurge infestations based upon infestation canopy cover. The GRM, carrying capacities,
and infestation Size were used to estimate the number of lost AUMSs. Theincreasein available AUMSs
resulting from reductions in infestation dengties and canopy cover were estimated using the relationships
discussed in previous sections. Additiona benefits of control were estimated from the differencein
infestation pread following grazing trestment and infestation spread without control. The differencein
infestation areas was used with carrying capacity rates and AUM vaues to estimate the benefit from
preventing infetation expanson. The vaues of AUM retention (preventing spread) and AUM
recovery (gain in grazing from reducing infestation density) were summed annudly to estimate total
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returns from control. Benefits less control costs were estimated annualy and discounted back to the
present to assess the economic viability of a control program.

The moded was structured to assess grazing Situations by (1) comparing only control costs with
control returns (i.e., classc economic cost/returns gpproach) and (2) determining potential overal
losses with control (using sheep) versus losses without contral (i.e., least-loss or cogt-effective
goproach). The first economic andysis consders only control benefits and cogts. Grazing Stuations
where cumulative discounted annud returns are greater than cumulative discounted annud costs are
economicaly feasble. In the second gpproach, grazing Situations that are not economica (i.e,
discounted costs greater than discounted returns) may il result in less economic loss than incurred
without control. Under those conditions, using grazing controls would be economically advisable,
provided more economica control options were not available. 1n the event that existing grazing
controls (regardless of the grazing strategy) result in more loss than without control, a™do nothing”
drategy or one employing other methods (herbicides, biologica, combined controls) might be optimal.

Sheep graze leafy spurge, but do not completely remove the influence of leafy spurge on cattle
grazing. Thus, even with effective grazing control some grazing capecity likely would remainlogt. The
difference between uninfested grazing capacity (i.e., 100 percent of the highest sustainable rate) and
grazing use after treatment of leafy spurge infested rangeland, represented the loss of grazing output
with control. The vaue of thislost grazing capacity was combined with the costs of trestment and
compared to the loss of grazing under no control. 1f the combination of grazing losses/gains from
control and uncontrollable losses during treetment were grester than losses under no control, the use of
that trestment option would result in grester loss than if no control was adopted.

Many of the components (e.g., forage recovery, leafy spurge control) in the modd are based on
“best estimates’ of range and weed scientists, especidly for periods that extend beyond current
scientific data. The model was designed to accommodate changes in parameters as scientists quantify
some of these relationships through trids and experiments. Thus, the usefulness and accuracy of the
model can be increased as additional information becomes available.

RESULTS

The factorsinvolved in leafy spurge control strategies are complex. A host of economic and
environmenta variables are involved with control decisons. The grazing drategies andyzed were
based on ether adopting a sheep enterprise or leasing sheep for purposes of control. Other options to
using grazing controls may exigt, but were not addressed in thisstudy. Results are based on following
prescribed guidelines for the length of grazing, timing of grazing, and use of proper stocking rates for
control animals, and assume that provisions have been provided for acclimating grazing animasto leafy
spurge. Not only will actua control and trestment conditions differ from the smulations used in this
study, but economic variables (e.g., sheep costs and revenues, AUM values, fencing costs) and control
goplications (e.g., mixed rotationa and grazing gpproaches, time of year that grazing animas are put on
pasture) are likely to vary aswel. Thus, economic evauation of grazing options was conducted across
awide range of environmenta and economic conditions.
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Potential Returnsto Control

Thefirst step in evauating the economic feasbility of long-term grazing controls was to estimate
the potentia returns from leafy spurge controls (foregone benefits of no treetment). The cost of no
control includes logt grazing outputs from the current infestation plus logt outputs from infestation
expanson. Losses from decreased land values were not included.

Grazing losses were measured usng AUMSs.  Grazing losses from various infetation Sizes were
estimated for demongtration purposes (Table 1). For example, a 25-acre leafy spurge infestation, with
a 30 percent canopy cover, over 10 years with norma expansion rates, would diminate between 51 to
256 AUMs of grazing on rangeland with carrying capacities ranging from 0.20 to 1.0 AUM/ecre,
repectively (Table 1). Infestations with less canopy cover aso result in subgtantia |osses of grazing
output. A 25-acre infestation with a 10 percent canopy cover, increasing in canopy cover by 1.5
percent annudly, spreading at anormal rate would dill result in grazing losses ranging from 27 to 135
AUMs for rangeand carrying capacities of 0.20 to 1.0 AUM/acre, respectively (Table 1). Grazing
losses for infestations with more than 30 percent canopy cover were not evaluated since cattle grazing
within the infestations was assumed to be diminated at 30 percent (see Figure 4).

The present value (PV) of lost grazing outputs from an initia infestation and subsequent
expangon was estimated for various carrying capacities, AUM vaues, and expansion rates for
demondration purposes (Table 2). The vadue of logt grazing outputs from leafy spurge infestations
increases with more productive land, higher AUM vaues, and greater rates of spread. The PV of
grazing losses from a 25-acre infestation spreading a 2 radid feet/year for 10 years on grazing land
with a carrying capacity of 0.50 AUMg/acre and a $15/AUM valueis $1,917 (Table 2). When
examining grazing losses, spread rates have less of an effect with larger infestations (e.g., over 5 acres)
than with smaller infestations (e.g., 1-acre patches). For example, the PV of lost grazing outputs from a
25-acre infestation increases from $1,917 to $1,960 when spread changes from 2 to 4 radid feet/year,
given a carrying capacity of 0.50 AUMg/acre and $15/AUM. However, the PV of lost grazing outputs
increases proportionaly when AUM vaues and carrying capacities change. Grazing losses increase 50
percent when AUM values increase from $12 to $18. Similarly, if carrying capacity increases from
0.50 to 0.75 AUM¢dacre, other factors remaining constant, the PV of lost grazing outputs increases by
50 percent. Even with amodest infestation of 25 acres, economic losses from foregone grazing over a
10-year period can be substantial.
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Table 1. Estimated Grazing Loss Over 10 Years, by Size and Dengty of Various Leafy Spurge
Infestations®

Uninfested 25-acre Infestation 50-acre Infestation 100-acre Infestation

Carrying Canopy Cover” Canopy Cover Canopy Cover

Capacity 10% 30% 5% 20% 15% 25%

AUM¢g/acre ---- Lost AUMs et

0.20 27 51 37 86 140 192
0.25 34 64 46 107 175 240
0.30 40 77 55 128 210 288
0.35 47 89 64 150 245 336
0.40 4 102 73 171 280 384
0.45 61 115 82 193 315 432
0.50 67 128 92 214 350 480
0.55 74 141 101 235 385 528
0.60 81 153 110 257 420 576
0.65 88 166 119 278 455 624
0.70 A 179 128 300 490 673
0.75 101 192 137 321 525 721
0.80 108 204 146 342 560 769
0.85 115 217 156 364 595 817
0.90 121 230 165 385 630 865
0.95 128 243 174 407 666 913
1.0 135 256 183 428 701 961

 Infestations spreading at 2 radial feet/year and canopy cover increasing by 1.5 percent annually.
b A 30 percent canopy cover equates roughly to 80 to 130 stems/M2.

Sheep Enterprises

All budget scenarios, with the exception of the wether flock, were developed based on costs
and revenues that could be expected from typica sheep operations in western North Dakota. Severd
possible sheep enterprise scenarios were budgeted to accommodate differencesin flock performance,
debt structure, and flock sze. Wether flocks were aso included to evauate the economic feasibility of
using a nonbreeding flock for leafy spurge contral.

Net Returns

Budgets were generated to accommodate changes in flock size and debt expiration during the
10-year period (Appendix B). Net returns, excluding fence costs and taxes, for the various sheep
enterprises ranged from ($5.82) to $45.14 per ewe in year 1 of the 10-year budgeting period (Table
3). Net returns from the wether flocks varied from ($20.08) to ($15.38) in year 1 (Table 3). Net
returns decreased in year 3 due to aflock reduction. Net returns decreased because breeding stock
was s0ld as cull animds, which were vaued less than their vaue as breeding stock. Also, debt and
other fixed expenses, on a per ewe bas's, increase with reduced flock size. Net returns, under the debt
scenarios, generdly improved from year 3 to year 4, as debt on breeding stock expired. Year 6 dso
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resulted in achange in net returns as debt on equipment and buildings expired. Net returnsin year 7
reflect another flock reduction. Y ears 8 through 10 reflect higher fixed costs per ewe (due to a flock
reduction at the end of year 7), which equates to lower net returns. Net returnsin years 8 through 10
remain unchanged since no additional flock reductions were modeled. Net returnsin year 10 were
used in years 11 through 15.

Table 2. Present Vaue of Logt Grazing Outputs From a 25-Acre Leafy Spurge Infestation Expanding
at Various Rates Over 10 Years

$12 per AUM $15 per AUM $18 per AUM
Carrying Radia Spread ft/yr Radia Spread ft/yr Radial Spread ft/yr
Capacity 2 4 2 4 2 4
AUM¢gacre dollars? ---=-==-=mmmm e
0.20 613 627 767 784 920 A1
0.25 767 784 958 980 1,150 1,176
0.30 920 A1 1,150 1,176 1,380 1411
0.35 1,073 1,097 1,342 1,372 1,610 1,646
0.40 1,227 1,254 1534 1,568 1,840 1,881
0.45 1,380 1411 1,725 1,764 2,070 2,117
0.50 1534 1,568 1,917 1,960 2,300 2,352
0.55 1,687 1,725 2,109 2,156 2,530 2,587
0.60 1,840 1,881 2,300 2,352 2,760 2,822
0.65 1,994 2,038 2,492 2,548 2,990 3,057
0.70 2,147 2,195 2,684 2,744 3,220 3292
0.75 2,300 2,352 2,875 2,940 3451 3528
0.80 2454 2,509 3,067 3,136 3,681 3,763
0.85 2,607 2,665 3,259 3,332 3911 3,998
0.90 2,760 2,822 3451 3528 4,141 4,233
0.95 2914 2,979 3,642 3,724 4,371 4,468
10 3,067 3,136 3834 3,920 4,601 4,703

& Present value of lost grazing (lost AUMSs times value per AUM) discounted at 4 percent.

Fencing Costs

Fencing costs were estimated separately from the sheep enterprise budgets. By estimating
fencing costs independent of the sheep budgets, flexibility was added to accommodate various
combinations of pasture Size and leafy sourge infestations for al sheep enterprise scenarios. Thus,
fencing costs would reflect the appropriate expense for multiple combinations of pasture sSze, new or
modified fence, and infestation Sze. Materia cogts for congtructing new fence or modifying existing
fence were based on August, 1998 retail prices for wire and posts in Hettinger, North Dakota. Labor
expense in congructing or modifying fences was not included.
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Table 3. Returnsto Unpaid Labor, Management, and Equity for Various Sheep Enterprise Scenarios, Western North Dakota?

Conventional Sheep Enterprise

Good Management® Poor Management® Wether Flock
Debt? No Debt Debt No Debt Debt No Debt
Y ear Smdl® Large® Smadl Large Smadl Large Smadl Large Sndl Large Smdl Large
dollars per ewe
1&2 3009 41.25 3456 4521 (5.58) (3.25) (1.23) 062  (19.84) (17.97) (17.00) (15.31)
3 22,02 32.88 26.48 3685  (1645)  (1440) (1209) (1054) (3885 (37.73) (36.00) (35.07)
4&5 3026 3246 31.59 32.99 (3.79) (0.78) (2.46) (025)  (24.61) (2053) (22.78) (20.40)
6 31.59 32.99 31.59 32.99 (2.46) (0.25) (2.46) (0.25  (22.78) (2040) (22.78) (20.40)
7 26.18 27.99 26.18 2799  (1057) (804) (1057 (804)  (3334) (3171 (3334) (3L71)
8-10 2454 3167 24.54 31.67 (6.90) (1.64) (6.90) (L64)  (2296) (20.73) (22.96) (20.73)

@ Net returns do not include fencing costs or taxes. For a complete listing of revenues and costs, see Appendixes B anc C.
b Good management based on flock performance obtained by proven sheep producers in North Dakota (Hettinger Research Extension Center

1999).

¢ Poor management represents alow level of flock efficiency and productivity (Hettinger Research Extension Center 1999).

d Debt included financing one-half of the breeding flock for three years and one-half of equipment and building expenses for five years at

10 percent interest.

€ Small flocks based on 60 ewes and large flocks based on 200 ewes. Flock reductions occurred in years 4 and 8.
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Fencing cogts for congtructing new fence and modifying exigting fence assumed areatively
square and flat pasture. Water devel opment costs were not included as existing pastures were
assumed to have adequate water sources which would require minima effort to modify for their use by
sheep. Fencing costs for modifying an existing fence were based on adding 2 barb wiresto an existing
3- or 4-wire fence without using additional posts. Fencing costs for new fence were based on 6 wires,
posts every 20 feet, and 5 wood posts per corner. An additional 1 percent of wire expense was
budgeted for miscellaneous fence costs (e.g., tying or fastening). Fence costs for an existing fence (the
portion of an exigting fence that would not be modified) were assumed to be part of the existing ranch
expenses (i.e., those costs would be charged to a cow-calf or other smilar operation).

Within the range of fencing costs presented, annuaized fencing expense ranged from $0.10 to
$8.49 per ewe with seasond grazing (Table 4). Five percent of the estimated total fence cost was
charged to the sheep enterprise annudly for fence depreciation, repairs, and insurance. In the scenarios
including debt, 50 percent of total fencing costs was assumed to be financed for 5 years at 10 percent
interest. The interest expense in financing fencing debt was included as an additiond fencing expense.
Fencing codts per ewe for new fence were generdly over 5 times higher than costs of modifying an
existing fence. Fencing costs per acre decreased as pasture size increased.  Fencing costs per ewe
decreased as the Size of the infestation increased within a given pasture (Table 4). Expenses for
congtructing new fence were about 22 percent higher in rotationa grazing systems than in seasond
grazing sysems. Expenses for modifying existing fence were about 25 percent higher in rotationd
grazing scenarios than in seasond grazing systems (Appendix C).

Feagbility of L ong-term Control--Sheep Enterprises

Long-term control was approached using rotationa or seasond grazing strategies. Sheep were
assumed to be either leased or added as an additiona enterprise to an existing ranch. Benefit-cost and
least-loss andlyses were used to eva uate long-term economic feasibility.* The economic feasibility of
using sheep to control leafy spurge was evauated using various likely scenarios facing cattle ranchers
adopting a sheep enterprise for leafy spurge control.

Although a number of scenarios were used to eva uate the economics of using sheep to control
leafy spurge over awide range of possibilities, severd variables were held constant across dl andyses.
Pasture size was limited to 350 acres. Infestation spread was limited to 2 radid feet per year and
infestations were assumed to increase in canopy cover by 1.5 percent annualy. Scenarios with grazing
outputs valued a $15 per AUM are presented in the following sections; however, additiona scenarios
with $12 and $18 were included in Appendix D. All andyses, including those in Appendix D, were
evauated using 5, 15, and 30 percent canopy cover for the leafy spurge infestation. The canopy cover
rates of 5, 15, and 30 percent represented low (17 percent loss), moderate (50 percent loss), and high
(100 percent) grazing losses within the leafy spurge infestation, respectively.

“The concept of financial feasibility (i.e., constraints on or availability of resources needed for flock,
equipment, building, and fencing purchases) wasnot examined. Analysisof the cash flow of the sheep enterpriseswas
not addressed. Other constraints, such as labor, were not addressed.
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Table 4. Estimated Fencing Costs for New and Modified Fence for Various Pasture and Infestation Sizes, With and Without Debt, Seasonal

Grazing?
Pasture Totd
Size Fence Debtvs Fence Leafy Spurge Infestation (acres)
(acres) Type No Debt Costs ($) 50 100 150 200 250 300 350 400 450
annual fence costs per ewe
100 New no debt 2,197 2.20 1.10 na na na na na na na
debt 3.60 1.80 na na na na na na na
Modify  no debt 405 0.40 0.20 na na na na na na na
debt 0.66 0.33 na na na na na na na
200 New no debt 3,051 3.05 153 1.02 0.76 na na na na na
debt 5.00 2.50 1.67 1.25 na na na na na
Modify  no debt 572 0.57 0.29 0.19 0.14 na na na na na
debt 0.94 0.47 0.31 0.23 na na na na na
300 New no debt 3,706 371 1.85 1.24 0.93 0.74 0.62 na na na
debt 6.07 3.04 2.02 152 1.21 1.01 na na na
Modify  no debt 701 0.70 0.35 0.23 0.18 0.14 0.12 na na na
debt 1.15 0.57 0.38 0.29 0.23 0.19 na na na
400 New no debt 4,259 4,26 213 142 1.06 0.85 0.71 0.61 0.53 na
debt 6.98 349 2.33 1.74 1.40 1.16 1.00 0.87 na
Modify  no debt 810 0.81 0.40 0.27 0.20 0.16 0.13 0.12 0.10 na
debt 1.33 0.66 0.44 0.33 0.27 0.22 0.19 0.17 na
500 New no debt 4,745 475 2.37 1.58 1.19 0.95 0.79 0.68 0.59 0.53
debt 7.77 3.89 259 1.94 155 1.30 111 0.97 0.86
Modify  no debt 905 0.91 0.45 0.30 0.23 0.18 0.15 0.13 0.11 0.10
debt 1.48 0.75 0.49 0.37 0.30 0.25 0.21 0.19 0.16
600 New no debt 5,185 5.19 2.59 1.73 1.30 1.04 0.86 0.74 0.65 0.58
debt 8.49 4,25 2.83 212 1.70 142 121 1.06 0.94
Modify  no debt 991 0.99 0.50 0.33 0.25 0.20 0.17 0.14 0.12 0.11
debt 162 0.81 0.54 0.41 0.32 0.27 0.23 0.20 0.18
na--not applicable.

@ Fencing costs based on one ewe per acre of leafy spurge. Five percent of total fencing costs charged to sheep enterprise annually. Debt based
on 50 percent of total fencing costs financed for 5 years at 10 percent interest. Fence expenses per ewe will change as flock size is reduced and
debt expires over a 10-year treatment period.



Seasonal Grazing

Seasond grazing Srategies were based on grazing sheep for four months, with grazing initiated
inMay. Seasond grazing periods longer than four months were not eva uated; however, the capacity
to evauate dternative grazing periods was incorporated into the mode!.

Four of the eight scenarios evaduated had postive net returns for the sheep enterprise (see
Table 3). Under those circumstances, even with modest levels of leafy spurge control, sheep grazing
will be economical. However, with negative enterprise returns, the cost of contral (i.e., money lost
maintaining the sheep enterprise) must be balanced with the benefits of contral (i.e., vaue of leafy
spurge control and grazing output for cattle).

Benefit-Cost Andysis

Benefit-cost analyses of the four scenarios with good flock management reveded subgtantid
positive returns from leafy spurge control (Tables 5 and 6). The good management scenarios (with and
without debt and small and large flocks) exhibited positive net returns over 5-year, 10-year, and 15
year periods. With low levels of leafy spurge infestation (5 percent canopy cover), total net returns
varied from $83 per acre of leafy spurge at 0.20 AUMS per acre carrying capacity over a5-year
period for the good management, with debt, small flock, new fence scenario to $154 per acre with the
good management, no debt, large flock, modified fence scenario at 0.90 AUMS per acre carrying
capacity. Over the 5-year period, average totd net returns from leafy spurge control, in the scenarios
with postive enterprise returns, increased about 11 to 13 percent when leafy spurge canopy cover
increased from 5 to 30 percent.

With the good flock management scenarios, tota net returns from leafy spurge control
improved by about 49 percent when switching from a 5-year to a 10-year period, averaged across
various carrying capacities and leafy spurge infestation rates. Over a 15-year period with low levels of
initia leafy spurge infestation (5 percent cover), tota net returns varied from $148 per acre of leafy
spurge a 0.20 AUMS per acre carrying capacity for the good management, with debt, small flock, new
fence scenario to $290 per acre for the good management, no debt, large flock, modified fence
scenario a 0.90 AUMSs per acre carrying capacity (Tables 5 and 6).

Benefit-cost anaysis of the four scenarios with poor flock management reveded that net returns
from leafy spurge control were sendtive to the time period, rangeland productivity, leafy spurge canopy
cover, and AUM vaue (Tables 7 and 8). Over the 5-year period, only scenarios with high rangeland
productivity and high leafy spurge cover produced positive net returns. With low levels of leafy spurge
infestation (5 percent canopy cover) over the same period, tota net returns varied from ($52) per acre
of leafy spurge a 0.20 AUMS per acre carrying capacity for the poor management, with debt, smdl
flock, new fence scenario to $18 per acre with the poor management, no debt, large flock, modified
fence scenario at 0.90 AUMS per acre carrying capacity. Over the 5-year period, tota net returns
from leafy spurge control, averaged over various carrying capacities, in the scenarios with poor flock
management, increased about $15 per acre when leafy spurge canopy cover increased from 5 percent
to 30 percent.
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Table 5. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Good Management,
Seasona Grazing Scenario®

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 1185 1200 1238 1065 1080 1118 1511 1527 1564 1475 1491 1528
0.30 1189 1212 126.8 1068 1092 1148 1515 1539 1594 1479 1503 1558
0.40 1192 124 129.8 1072 1104 1178 1519 1550 1625 1483 1514 1589
050 119.6 1236 132.8 107.6 1116 120.8 152.3 156.2 165.5 148.7 152.6 161.9
0.60 120.0 124.7 135.9 108.0 112.7 1239 152.7 1574 1685 149.1 1538 164.9
0.70 1204 1259 1389 1084 1139 1269 1530 1585 1715 1494 1549 1679
0.80 1208 1271 1419 1088 1151 1299 1534 1597 1745 1498 1561 1709
0.90 121.2 1283 145.0 109.2 116.3 1330 1538 160.9 1776 150.2 157.3 174.0

10-year Period
0.20 1678 1716 1774 1459 1497 1555 2005 2133 2190 2029 2067 2125
0.30 170.2 1759 184.6 148.3 154.0 162.7 211.8 2175 226.1 205.3 2109 2196
0.40 172.6 180.2 191.8 150.7 158.3 169.9 214.2 221.7 2332 207.6 2152 226.7
050 175.0 1845 199.0 1531 162.6 177.1 2165 2259 240.3 2100 2194 2338
0.60 1774 188.8 206.2 1555 166.9 184.3 2189 230.2 2475 212.3 2236 2409
0.70 1797 1931 2134 1579 1712 1915 212 2344 2546 2147 2278 2480
0.80 1821 1974 2206 160.3 1755 198.7 2236 2386 261.7 217.0 2321 2551
0.90 1845 2017 227.8 162.7 179.8 2059 226.0 2429 268.8 2194 236.3 262.2
15-year Period

0.20 2015 206.4 2124 1715 1764 1824 2529 257.7 2636 2439 248.7 254.6
0.30 206.9 214.3 2232 176.9 184.3 1933 2582 2654 274.3 249.2 256.4 265.3
0.40 212.3 2222 2341 182.3 192.2 204.1 2635 2731 2849 2545 264.1 2759
050 217.7 230.0 2450 187.8 200.1 215.0 268.7 280.7 2955 259.7 2717 286.6
0.60 2232 2379 2558 193.2 207.9 2259 2740 2884 306.2 265.0 2794 297.2
0.70 2286 2458 266.7 198.6 2158 236.7 279.3 296.1 316.8 270.3 287.1 307.8
0.80 2340 2537 2776 204.0 2237 247.6 284.6 3038 3275 2756 294.8 3185
0.90 2394 261.6 2884 2094 231.6 2584 289.9 3115 3381 2809 3025 3291

%Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy
cover trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMSs valued at
$15.
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Table 6. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Good Management,
Seasona Grazing Scenario?

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ ------ Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period
0.20 1029 1045 108.2 833 84.9 88.6 139.1 140.6 144.3 1332 134.7 1384
0.30 1033 1057 1113 837 86.0 916 1394 1418 1474 1335 1359 1415
040 1037 106.9 1143 841 87.2 94.6 139.8 1430 1504 1339 1371 1445
0.50 1041 1080 117.3 84.4 884 97.7 1402 1441 1534 1343 1382 1475
0.60 1045 109.2 1204 84.8 89.6 100.7 140.6 1453 1564 134.7 1394 150.5
0.70 1049 1104 1234 852 9.7 1037 1410 1465 1594 1351 1406 1535
0.80 1052 1116 1264 85.6 919 1068 1414 1476 1625 1355 1417 1566
0.90 105.6 112.7 1294 86.0 931 109.8 1417 1488 165.5 1358 1429 159.6

10-year Period
0.20 1523 156.1 161.9 1227 126.6 1324 1974 201.2 206.9 188.6 1923 198.1
0.30 154.7 160.4 169.1 1251 1309 139.6 199.8 2054 2140 190.9 196.6 205.2
040 157.0 164.7 176.3 1275 1352 146.8 202.1 209.6 2212 1933 200.8 212.3
0.50 1594 169.0 1835 1299 1395 1540 2045 2139 228.3 195.6 205.0 2194
0.60 1618 1733 190.7 1323 1438 1612 2068 2181 2354 1980 2092 2265
0.70 1642 1776 197.9 1347 1481 1684 2002 223 2425 2003 2135 2336
0.80 1666 1819 205.1 1371 1524 1755 2115 2266 2496 2027 2177 2407
0.90 1690 1862 2123 1395 1567 1827 2139 2308 2567 2060 2219 2478

15-year Period
0.20 1860 1909 196.8 1483 1532 1592 2408 2456 2515 2295 2343 2403
0.30 1914 1988 207.7 1537 1611 1701 2461 2533 2622 2348 2420 2509
040 1968 2066 2186 1592 1690 1809 2514 2610 2728 2401 2497 2615
0.50 2022 2145 229.4 1646 1769 1918 2567 2687 2835 2454 2574 2722
0.60 2076 224 2403 1700 1848 2027 2619 2763 2941 2507 2651 2828
0.70 2131 2303 2512 1754 1927 2135 2672 2840 3048 2559 2727 2935
0.80 2185 2382 2620 1808 2005 2244 2725 2017 3154 2612 2804 3041
0.90 2239 2460 2729 1863 2084 2353 2778 2994 3260 2665 2881 3148

%Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy
cover trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at
$15.
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Table 7. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Poor Management,
Seasona Grazing Scenario?

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ ------ Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -17.6 -16.0 -12.3 -29.6 -28.0 -24.3 -85 -70 -33 -12.1 -10.6 -6.9
0.30 172 -148 93 292 268  -213 -82 5.8 02 -118 94 -38
0.40 -168  -137 6.2 -288 257  -182 -78 -46 28 -114 -82 -08
0.50 -164  -125 -32 284 245  -152 74 -35 58 -11.0 71 22
0.60 -160  -113 -02 -280 233 122 -70 23 88 -106 5.9 5.2
0.70 -157  -101 29 217 21 9.1 6.6 -11 118 -10.2 -A7 8.2
0.80 -15.3 9.0 59 273 -210 6.1 6.2 00 149 98 -36 113
0.90 -149 -78 89 -26.9 -198 31 5.9 12 179 95 24 14.3

10-year Period
0.20 277  -239 -18.1 -495 457  -399 -105 6.7 -09 -17.0 -133 -75
0.30 253 -196 -109 472 -414 327 8.1 25 6.2 -14.7 90 -04
0.40 229  -153 37 -44.8 371 -255 5.8 18 133 -123 -48 6.7
0.50 205  -110 35 424  -328  -183 34 6.0 204 -100 -06 138
0.60 -18.1 -6.7 10.7 -40.0 285  -111 -11 102 275 -76 37 209
0.70 -15.7 24 179 -376 -24.2 -39 13 14.4 346 5.3 79 280
0.80 -133 19 251 -35.2 -199 33 36 187 417 29 121 352
0.90 -10.9 6.2 323 -32.8 -15.6 10.5 6.0 229 488 -0.6 16.3 423
15-year Period

0.20 318 -269 -209 -61.8 569  -509 -70 21 38 -16.1 -11.3 54
0.30 264  -190 -101 564  -490  -400 -17 56 145 -10.8 -36 52
040 210  -111 08 -51.0 411 -292 37 134 253 5.6 40 159
0.50 -156 33 11.7 -455 -332  -183 90 212 360 -0.3 117 265
0.60 -10.1 46 25 -40.1 -25.3 74 14.4 290 46.8 50 194 372
0.70 -4.7 125 334 -34.7 -175 34 197 36.7 575 10.3 271 478
0.80 0.7 204 44.3 -29.3 96 14.3 251 445 68.3 156 348 585
0.90 6.1 283 55.1 -239 -17 252 304 523 790 208 424 69.1

%Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy
cover trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at
$15.



Table 8. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Poor Management,
Seasona Grazing Scenario?

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ ------ Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -32.8 -31.2 -2715 -524 -50.9 -47.2 -20.3 -18.8 -15.0 -26.2 -24.6 -209
0.30 -324 -30.0 -245 521 -49.7 -44.1 -19.9 -17.6 -12.0 -25.8 -235 -17.9
040 -32.0 -289 -214 -51.7 -485 411 -19.6 -16.4 -9.0 -255 -22.3 -149
0.50 316 -277 -184 -51.3 -473  -381 -192  -152 -6.0 251 211 -119
0.60 -31.2 -265 -154 -50.9 -46.2 -35.0 -18.8 -14.1 -30 -24.7 -20.0 -89
0.70 -30.9 -253 -12.3 -505 -45.0 -320 -184 -129 01 -24.3 -18.8 -58
0.80 -305 -24.2 -93 -50.1 -43.8 -29.0 -18.0 -11.7 31 -239 -17.6 -2.8
0.90 -30.1 -230 -6.3 -49.8 -42.7 -259 -17.6 -10.6 6.1 -235 -16.5 0.2

10-year Period
0.20 -42.9 -39.1 -333 =124 -68.6 -62.8 -222 -185 -12.7 -311 -27.3 -216
0.30 -405 -34.8 -26.1 -70.0 -64.3 -55.6 -19.9 -14.3 -56 -28.8 -231 -145
040 -38.1 -305 -18.9 -67.6 -60.0 -484 -175 -10.0 15 -264 -18.9 -4
0.50 -36.7 -26.2 -11.7 -65.2 -55.7 -41.2 -15.2 -58 86 -24.1 -14.7 -0.3
0.60 -333  -219 -4.5 -62.8 514 -340 -12.8 -16 157 217 -104 6.9
0.70 -309  -176 2.7 604 471  -268 -105 2.7 28 -194 -6.2 140
0.80 -285  -133 99 -58.1 -428  -196 8.1 6.9 299 -170 20 211
0.90 -26.1 90 17.1 -55.7 -385  -124 5.8 11 370 -14.6 2.3 282
15-year Period

0.20 -470 421 -36.1 -84.6 -79.7  -738 -189 141 -8.2 -30.2 -254  -195
0.30 -416  -312 -25.3 -79.2 718 629 -136 -6.4 24 -24.9 -17.7 -88
040 -362  -263 -14.4 -738 640 520 -84 12 131 -19.6 -100 18
0.50 -308  -185 -35 684 561  -412 31 89 237 -14.4 24 124
0.60 -253  -106 7.3 -63.0 -482  -303 22 16.6 34.4 9.1 53 231
0.70 -199 2.7 182 -57.5 -403  -194 75 24.3 45.0 -38 130 337
0.80 -145 52 291 52.1 -324 -8.6 128 320 55.7 15 20.7 4.4
0.90 91 131 399 -46.7 -24.6 2.3 181 396 66.3 6.8 284 55.0

%Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy
cover trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at
$15.



With the poor flock management scenarios, totd net returns from leafy spurge control varied
from an average decrease of about $7 per acre (0.20 AUMS/acre) to an average increase of about $15
per acre (0.90 AUM¢9/acre) when switching from a 5-year to a 10-year period, averaged across
various carrying capacities and leafy spurge infestation rates (Tables 7 and 8). Totd net returns over a
10-year period for dl of the poor management scenarios remained negative with low rangeland carrying
capacities (i.e., 0.20 to 0.25 AUMg/acre). However, in one scenario, net returns were positive down
to 0.30 AUMS per acre carrying capacity.

With the poor flock management scenarios, over a 15-year period with low levels of initid leafy
spurge infestation (5 percent cover), tota net returns from control varied from ($85) per acre of leafy
spurge a 0.20 AUMS per acre carrying capacity for the with debt, small flock, new fence scenario to
$79 per acrefor the no debt, large flock, modified fence scenario at 0.90 AUMS per acre carrying
capacity (Tables 7 and 8). Thus, with the poor management scenarios over the 15-year period, net
returns from control varied substantialy depending upon the combination of infestation canopy cover,
rangeland carrying cagpacity, and infestation Size.

Generdly, over dl periods (5-year, 10-year, and 15-year), net returns from leafy spurge
control were about $12 to $23 per acre higher for scenarios having no debt versus those with debt
(e.g., good management without debt compared to good management with debt) (Tables5, 6, 7, and
8). Because debt was Structured to expire in year 5, the effects of debt on net returns from control
were constant across the three time periods. 1n the 5-year period, the additional expense for new fence
versus modified fence reduced net returns from leafy spurge control by an average of $16 per acre
across al management scenarios with small infestations and reduced net returns by $5 per acre across
al management scenarios with large infestations. Over the 10-year period, net returns from leafy
spurge control were $26 per acre less for scenarios with new fence versus modified fence across all
management scenarios with smal infestations and net returns from leafy spurge control were $8 per
acre lesswith large infestations. Similarly, net returns from leafy spurge control over the 15-year period
were $34 per acre less for scenarios with new fence versus modified fence for smal infestations, and
net returns were $10 per acre less across dl management scenarios with large infestations.

Net returns per acre from leafy spurge control were higher with large infestations (250-acre)
versus smal infestations (50-acre) across al scenarios in each period (Tables 5, 6, 7, and 8). Inthe 5
year period, net returns from large infestations compared to small infestations improved by $9 to $36
per acre for dl scenarios with modified fence. For al scenarios with new fence over the same period,
net returns from leafy spurge control improved by $17 to $50 per acre when comparing large to small
infestations. In the 10-year period, net returns from large infestations compared to small infestations
improved by $17 to $45 per acre for dl scenarios with modified fence. For dl scenarios with new
fence over the same period, net returns from leafy spurge control improved by $33 to $66 per acre
when comparing large to smdl infestations. In the 15-year period, net returns from large infestations
compared to small infestations improved by $25 to $55 per acre for al scenarios with modified fence.
For dl scenarios with new fence over the same period, net returns from leafy spurge control improved
by $46 to $81 per acre when comparing large to small infestations,
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Least-loss Andysis

L east-loss andysi's compares the economic losses that would occur if aleafy spurge infestation
was left uncontrolled to the lossesincurred with control. In the Stuations where the economic loss
sustained with contral (i.e., benefits of control are less than control costs) is less than the economic loss
without control, the treatment program or method would be recommended, provided more economical
treatment programs were not available. In Stuations where economic losses with trestment are more
than the economic losses incurred with no control, the treatment program or method would not be
recommended.

The good management scenarios had positive enterprise returns, which resulted in positive
returns from control. Thus, least-loss analyses were not conducted for those scenarios. Least-loss
scenarios were conducted for the poor management scenarios.

Over the 5-year period, only scenarios with high rangeland productivity and high leafy spurge
cover resulted in less economic loss than with no control (Tables 9 and 10). With low levels of leafy
spurge infestation (5 percent canopy cover) over the same period, none of the scenarios with poor
management (i.e., with or without debt, smdl or large infestations, new or modified fence) would be
recommended, as economic losses with control exceeded |osses without control.

Over the 10-year period, most scenarios with high rangeland productivity and high leafy spurge
cover resulted in less economic loss than with no control (Tables9 and 10). Many of the scenarios
with new fence and low leafy spurge cover would not be recommended within the 10-year period.
However, with new fence and high leafy spurge cover, both large and smal infestations could be
recommended for dl but the least productive rangdand. In the 10-year period, none of the small flock
scenarios would be recommended at rangeland carrying capacities of 0.20 AUMS per acre.

Over the 15-year period, many of the scenarios with large infestations or with modified fence
would be recommended. However, even within the 15-year period, some new fence scenarios would
not be recommended. Thus, using sheep to control leafy spurge is not economica in al Stuations
evauated in the seasond grazing gpproach, given the budgets used in this study.

Rotational Grazing

Rotationd (two 1-month periods) grazing sirategies were evaluated. In arotationa system,
sheep would graze the infestation for one month periods a a higher stocking rate than used in seasond
grazing. Sheep grazing would be initiated in May. Sheep would graze the same pasture atotd of two
nonconsecutive months during the grazing season. Other rotationd grazing programs were not
eva uated; however, the capacity to evduate dternative rotationa grazing programs was incorporated
into the modd.

Four of the eight scenarios evaluated had positive net returns for the sheep enterprise (see
Table 3). Under those circumstances, even with modest levels of leafy spurge control, sheep grazing
will be economical. Thus, with positive enterprise returns, returns from leafy spurge control will be
positive regardless of the specific grazing system (rotationa or seasond).
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Table 9. aLeast-I0$ Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Poor Management, Seasonal Grazing
Scenario

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity - Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUM¢s/acre 5-year Period

0.20 no no no no no no no no yes no no no
0.30 no no yes no no no no no yes no no yes
040 no no yes no no no no yes yes no no yes
0.50 no no yes no no yes no yes yes no no yes
0.60 no no yes no no yes no yes yes no yes yes
0.70 no no yes no no yes no yes yes no yes yes
0.80 no yes yes no no yes no yes yes no yes yes
0.90 no yes yes no no yes no yes yes no yes yes

10-year Period
0.20 no no no no no no no yes yes no no yes
0.30 no no yes no no no no yes yes no yes yes
0.40 no yes yes no no yes yes yes yes no yes yes
050 no yes yes no no yes yes yes yes yes yes yes
0.60 no yes yes no no yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes
15-year Period

0.20 no no yes no no no yes yes yes no yes yes
0.30 no yes yes no no no yes yes yes yes yes yes
040 yes yes yes no no yes yes yes yes yes yes yes
050 yes yes yes no yes yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes yes yes yes yes yes yes yes yes yes
0.80 yes yes yes yes yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

8Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMsvalued at $15.
Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss analysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was |eft uncontrolled. A “yes’ implies that the scenario
will result in less economic loss than no trestment. A “no” implies that the scenario will result in more economic loss than no treatment.
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Table 10a Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Poor Management, Seasona Grazing
Scenario

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity - Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUM¢s/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no no no no no
0.40 no no no no no no no no yes no no no
0.50 no no no no no no no no yes no no yes
0.60 no no yes no no no no no yes no no yes
0.70 no no yes no no no no no yes no no yes
0.80 no no yes no no no no no yes no no yes
0.90 no no yes no no yes no yes yes no no yes

10-year Period
0.20 no no no no no no no no yes no no no
0.30 no no no no no no no no yes no no yes
0.40 no no yes no no no no yes yes no no yes
050 no no yes no no no no yes yes no yes yes
0.60 no yes yes no no yes yes yes yes no yes yes
0.70 no yes yes no no yes yes yes yes no yes yes
0.80 no yes yes no no yes yes yes yes yes yes yes
0.90 no yes yes no yes yes yes yes yes yes yes yes
15-year Period

0.20 no no no no no no no yes yes no no yes
0.30 no no yes no no no yes yes yes no yes yes
040 no yes yes no no no yes yes yes yes yes yes
050 no yes yes no no yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

8Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $15.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss analysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was |eft uncontrolled. A “yes’ implies that the scenario
will result in less economic loss than no trestment. A “no” implies that the scenario will result in more economic loss than no treatment.



Benefit-cost Anayss

Benefit-cost andyses of the four scenarios with positive enterprise net returns reveded
subgtantia positive returns from leafy spurge control in rotationd grazing strategies (Tables 11 and 12).
The good management scenarios (with and without debt and smal and large flocks) exhibited positive
net returns over 5-year, 10-year, and 15-year periods. With low levels of leafy spurge infestation (5
percent canopy cover), total net returns from control varied from $78 per acre of leafy spurge at 0.20
AUMSs per acre carrying capacity over a5-year period for the good management, with debt, small
flock, new fence scenario to $153 per acre with the good management, no debt, large flock, modified
fence scenario at 0.90 AUMS per acre carrying capacity. Over the 5-year period, total net returns
from leafy spurge contral, in the rotationa grazing scenarios with pogitive enterprise returns, increased
about 11 to 13 percent when leafy spurge canopy cover increased from 5 to 30 percent.

With the good flock management scenarios in rotationd grazing strategies, tota net returns from
leafy spurge control improved by about 48 percent when switching from a 5-year to a 10-year period,
averaged across various carrying capacities and leafy spurge infestation rates (Tables 11 and 12).

Over a15-year period with low levels of initia leafy spurge infestation (5 percent cover), total net
returns varied from $137 per acre of leafy spurge at 0.20 AUMs per acre carrying capacity for the
good management, with debt, smdl flock, new fence scenario to $287 per acre for the good
management, no debt, large flock, modified fence scenario a 0.90 AUMS per acre carrying capacity
(Tables 11 and 12).

Benefit-cost anadlysis of the four scenarios with negative enterprise net returns reveaed that
returns from leafy spurge control were senditive to the time period, rangeland productivity, leafy spurge
canopy cover, and AUM vaue. The pattern of net returns from control using rotationa grazing
drategies were Smilar to those with seasond grazing strategies for al periods. Over the 5-year period,
only scenarios with high rangeland productivity and high leafy spurge cover produced positive net
returns (Tables 13 and 14). With low leveds of leafy spurge infestation (5 percent canopy cover) over
the 5-year period, total net returns varied from ($58) per acre of leafy spurge at 0.20 AUMS per acre
carrying capacity for the poor management, with debt, small flock, new fence scenario to $16 per acre
with the poor management, no debt, large flock, modified fence scenario at 0.90 AUMS per acre
carrying capacity. Over the 5-year period, tota net returns from leafy spurge control, averaged over
various carrying capacities, increased about $14 per acre when leafy spurge canopy cover increased
from 5 percent to 30 percent.

When enterprise net returns were negative, tota returns from leafy spurge control varied from
an average decrease of about $10 per acre (0.20 AUMS/acre) to an average increase of about $16 per
acre (0.90 AUMgacre) when switching from a 5-year to a 10-year period, averaged across various
carrying capacities and leafy spurge infestation rates (Tables 13 and 14). Tota returns over a 10-year
period for dl of the poor management, rotationd grazing scenarios with low leafy spurge canopy cover
remained negative with moderate to high rangeland carrying capacities (i.e,, less than 0.80
AUM¢g/acre). However, in one scenario with high leafy spurge canopy cover, net returns over a 10-
year period were positive down to 0.30 AUMS per acre carrying capacity.
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Table 11. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Good Management,
Rotational Grazing Scenario®

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 1176 1191 1227 1030 1045 1081 1507 1523 1558 1464 1479 1515
0.30 1179 1202 1255 1033 1056 1109 1510 1534 1587 1467 1490 1543
0.40 1182 1213 1284 1036 1067 1138 1513 1544 1615 1469 1500 1571
0.50 1185 1223 1312 1039 1078 1166 1516 1555 1643 1472 1511 1600
0.60 1187 1234 134.1 1041 1088 1195 1519 1566  167.2 1475 1522 1628
0.70 119.0 1245 136.9 1044 109.9 122.3 152.2 157.6 170.0 147.8 153.2 165.6
0.80 1193 1256 139.8 1047 1110 1252 1525 1587 1729 1481 1543 1685
0.90 1196 1266 1426 1060 1120 1280 1528 1597 1757 1484 1554 1713

10-year Period
0.20 166.1 169.9 175.6 1395 1434 149.0 208.7 2125 2181 200.7 2045 210.1
0.30 168.3 174.0 1825 141.7 1475 155.9 2109 2165 2250 2029 208.6 217.0
0.40 1705 1782 189.5 1439 151.6 162.9 2130 220.6 2318 205.0 212.6 2238
050 172.7 182.3 196.4 146.1 155.7 169.8 2152 224.6 2386 207.2 216.6 230.7
0.60 174.9 186.4 203.3 148.3 159.8 176.8 217.3 2286 2455 209.3 220.7 2375
0.70 1771 1905 210.3 1505 1639 1837 2195 2327 2523 2115 247 2444
0.80 179.3 194.6 217.2 152.7 168.0 190.6 221.6 236.7 259.2 2136 2287 251.2
0.90 1815 198.7 224.2 154.9 1721 197.6 2238 240.8 266.0 2158 232.8 258.1
15-year Period

0.20 199.2 204.1 2100 162.7 167.7 1735 251.8 256.7 2624 2409 2457 2515
0.30 204.3 211.8 2205 167.9 1753 184.1 256.8 264.1 2728 2459 2532 261.8
0.40 2095 2194 2310 173.0 182.9 194.6 261.8 2715 2831 2509 260.6 2722
050 214.6 227.0 241.6 178.2 190.6 205.1 266.9 2789 2934 2559 268.0 2825
0.60 2198 234.6 2521 183.3 198.2 2157 2719 286.4 303.7 260.9 2754 292.8
0.70 224.9 242.3 262.7 1885 205.8 226.2 276.9 2938 314.0 2659 2829 303.1
0.80 230.1 2499 2732 193.6 2135 236.8 281.9 301.2 3244 2710 290.3 3134
0.90 2352 2575 2838 198.8 221.1 247.3 286.9 308.7 334.7 276.0 297.7 3238

¥Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy
cover trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at
$15.



(01

Table 12. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Good Management,
Rotational Grazing Scenario®

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 101.6 103.2 106.7 7.7 79.3 82.8 1385 140.1 143.6 1314 132.9 1365
0.30 101.9 104.2 109.6 78.0 80.3 85.7 1388 1411 146.5 131.6 134.0 139.3
0.40 102.2 105.3 1124 783 814 885 139.1 142.2 149.3 131.9 135.0 142.1
050 1025 106.4 1153 78.6 825 91.3 1394 1433 152.1 132.2 136.1 145.0
0.60 1028 1074 1181 789 835 9.2 1397 1443 1550 1325 1372 1478
0.70 1031 1085 120.9 79.2 84.6 97.0 140.0 1454 157.8 132.8 138.2 150.6
0.80 1034 109.6 1238 795 85.7 99.9 140.3 1465 160.6 1331 139.3 1535
0.90 103.6 110.7 126.6 79.7 86.8 102.7 140.6 1475 1635 1334 1404 156.3

10-year Period
0.20 1501 1540 159.6 1142 1181 1237 1965 2003 2059 1857 1895 1951
0.30 152.3 158.1 166.6 1164 122.2 130.7 198.7 204.3 2127 187.9 1935 202.0
0.40 1545 162.2 1735 1186 126.3 137.6 200.8 2084 2196 190.0 197.6 208.8
050 156.7 166.3 1804 120.8 1304 1445 203.0 2124 2264 192.2 201.6 2157
0.60 158.9 1704 1874 1230 1345 1515 205.1 2164 2333 194.3 205.7 2225
0.70 1611 1745 194.3 125.2 138.6 1584 207.3 2205 240.1 196.5 209.7 2294
0.80 163.3 1786 201.2 1274 142.7 165.3 2094 2245 247.0 198.6 2137 236.2
0.90 165.5 182.7 208.2 129.6 146.8 172.3 211.6 2285 2538 200.8 217.8 2431
15-year Period

0.20 183.2 188.2 194.0 1375 1424 148.2 239.6 2445 250.2 2259 230.7 2365
0.30 1884 195.8 2045 142.6 150.0 158.8 244.6 251.9 260.6 2309 2382 246.8
0.40 1935 2034 2151 147.8 157.7 169.3 249.6 259.3 2709 2359 2456 257.1
050 198.7 211.1 2256 152.9 165.3 179.9 254.6 266.7 2812 2409 2530 2675
0.60 203.8 2187 236.2 158.0 172.9 1904 259.7 274.2 2915 2459 2604 2778
0.70 209.0 226.3 246.7 163.2 180.6 200.9 264.7 281.6 3018 2509 267.9 288.1
0.80 2141 2339 257.2 168.3 188.2 2115 269.7 289.0 3122 256.0 2753 2984
0.90 219.3 241.6 267.8 1735 195.8 2220 274.7 296.5 3225 261.0 282.7 3088

%Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy
cover trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMSs valued at
$15.
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Table 13. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Poor Management,
Rotational Grazing Scenario®

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -185 -16.9 -134 -331 -315 -280 -89 -74 -38 -133 -11.8 -8.2
0.30 -18.2 -158 -105 -328 -304 -25.1 -8.6 -6.3 -1.0 -13.0 -10.7 -54
0.40 -17.9 -14.8 =17 -325 -294 -22.3 -84 -53 18 -12.7 -9.6 -25
050 -17.6 -137 -4.8 -322 -28.3 -194 -8.1 -4.2 47 -124 -8.6 0.3
0.60 -17.3 -12.6 -20 -31.9 -27.2 -16.6 -7.8 -31 75 -12.2 -75 31
0.70 -17.0 -116 09 -31.6 -26.2 -137 -75 -21 10.3 -119 -6.4 6.0
0.80 -16.7 -105 37 -31.3 -25.1 -109 -7.2 -1.0 132 -11.6 -54 88
0.90 -16.4 -94 6.6 -31.0 -24.0 -80 -6.9 0.1 16.0 -11.3 -4.3 116

10-year Period
0.20 -29.4 -255 -19.9 -55.9 521 -465 -11.2 -75 -18 -19.2 -15.4 938
0.30 -271.2 -214 -129 -538 -48.0 -395 -9.1 -34 50 -17.1 -11.4 -30
0.40 -25.0 -17.3 -6.0 -51.6 -439 -32.6 -6.9 0.6 118 -14.9 -74 39
050 -22.8 -132 09 -494 -39.8 -25.7 -4.8 46 18.7 -12.8 -33 10.7
0.60 -20.6 -9.1 79 472 -36.7 -18.7 -2.6 8.7 255 -10.6 0.7 17.6
0.70 -18.4 50 14.8 -45.0 -316 -11.8 -05 12.7 324 -85 47 24.4
0.80 -16.2 -09 21.7 -42.8 -275 -4.8 17 16.8 39.2 -6.3 88 313
0.90 -14.0 32 28.7 -40.6 -234 21 38 20.8 46.1 -4.2 12.8 381
15-year Period

0.20 -34.1 -29.2 -233 -70.6 -65.6 -50.8 -82 -34 24 -19.1 -14.3 -85
0.30 -29.0 -215 -12.8 -65.4 -58.0 -49.2 -32 41 12.7 -14.1 -6.9 18
0.40 -238 -139 -2.2 -60.3 -50.3 -38.7 18 115 231 9.1 0.6 121
050 -18.7 -6.3 83 -55.1 427 -28.1 6.8 189 334 4.1 80 24
0.60 -135 14 188 -50.0 -36.1 -17.6 118 26.3 437 09 154 328
0.70 -84 9.0 294 -44.8 -275 =71 16.9 338 54.0 59 228 431
0.80 -32 16.6 399 -39.7 -19.8 35 219 412 64.3 10.9 30.3 534
0.90 19 24.2 505 -345 -12.2 14.0 269 486 74.7 15.9 37.7 63.7

¥Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy
cover trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at
$15.
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Table 14. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Poor Management,
Rotational Grazing Scenario®

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -34.1 -32.6 -29.0 -58.0 -56.5 -529 -209 -193 -15.8 -28.0 -26.5 -22.9
0.30 -338 -315 -26.2 -57.7 -554 -50.1 -20.6 -18.2 -129 =217 -254 -20.1
0.40 -335 -304 -233 -574 -54.3 -47.2 -20.3 -17.2 -10.1 -274 -24.3 -17.3
050 -332 -294 -20.5 -57.2 -533 -44.4 -20.0 -16.1 -1.2 -27.2 -233 -144
0.60 -330 -28.3 -17.6 -56.9 522 -415 -19.7 -150 -44 -26.9 -22.2 -116
0.70 -327 -27.2 -14.8 -56.6 511 -38.7 -194 -140 -1.6 -26.6 211 -8.7
0.80 -324 -26.1 -119 -56.3 -50.0 -35.8 -19.1 -129 13 -26.3 -20.1 -5.9
0.90 -321 -25.1 -9.1 -56.0 -49.0 -330 -18.8 -118 41 -26.0 -19.0 -31

10-year Period
0.20 -45.0 -41.2 -355 -80.9 -77.1 -714 -232 -194 -138 -339 -30.2 -24.5
0.30 -42.8 -37.1 -28.6 -718.7 -730 -64.5 -21.0 -154 -6.9 -31.8 -26.1 -17.7
0.40 -40.6 -33.0 -21.6 -76.5 -68.9 -575 -189 -113 -0.1 -29.6 2.1 -10.8
050 -384 -289 -14.7 -74.3 -64.8 -50.6 -16.7 -7.3 6.8 -2715 -18.0 -4.0
0.60 -36.2 -24.8 -7.8 =721 -60.7 -43.7 -14.6 -32 136 -25.3 -14.0 28
0.70 -34.0 -20.6 -0.8 -69.9 -56.5 -36.7 -124 0.8 205 -232 -10.0 9.7
0.80 -31.9 -16.5 6.1 -67.8 -524 -29.8 -10.3 48 273 -21.0 -59 165
0.90 -29.7 -124 13.0 -65.6 -48.3 -22.9 -8.1 89 34.2 -189 -19 234
15-year Period

0.20 -49.8 -44.8 -39.0 -955 -90.6 -84.7 -20.1 -153 -95 -338 -29.0 -232
0.30 -44.6 -37.2 -284 -904 -829 -74.2 -15.1 -7.9 0.8 -28.8 -21.6 -129
0.40 -395 -29.5 -17.9 -85.2 -75.3 -63.6 -10.1 -04 111 -238 -14.2 -2.6
050 -34.3 -219 74 -80.1 -67.7 531 51 70 215 -18.8 -6.7 7.7
0.60 -29.2 -14.3 32 -74.9 -60.1 -42.6 -0.1 144 318 -138 0.7 181
0.70 -24.0 -6.7 13.7 -69.8 -524 -320 49 219 121 -88 81 284
0.80 -189 10 24.3 -64.6 -44.8 -215 99 29.3 524 -38 15.6 387
0.90 -137 86 348 -595 -37.2 -109 15.0 36.7 62.7 12 230 490

¥Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy
cover trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at
$15.



Over a15-year period with low levels of initia leafy spurge infestation (5 percent cover), total
returns varied from ($95) per acre of leafy spurge a 0.20 AUMS per acre carrying capacity for the
poor management, with debt, smal flock, new fence scenario to $75 per acre for the poor
management, no debt, large flock, modified fence scenario a 0.90 AUMS per acre carrying capacity
(Tables 13 and 14). Thus, with the poor management, rotationa grazing scenarios over the 15-year
period, returns from control varied substantialy depending upon the combination of the infestation
canopy cover, rangeand carrying capacity, and infestation Sze.

Generdly, over dl periods (5-year, 10-year, and 15-year), returns from leafy spurge control in
rotational grazing scenarios were about $12 to $25 per acre higher for scenarios having no debt versus
those with debt (Tables 11, 12, 13, and 14). In the 5-year period under the rotationa grazing
drategies, the additiona expense for new fence versus modified fence reduced returns from leafy
spurge control by an average of $19 per acre across dl management scenarios with smdl infestations.
Over the same period, the additiona expense for new fence versus modified fence reduced returns
from leafy spurge control by $6 per acre across dl management scenarios with large infestations. Over
the 10-year period, returns from leafy spurge control were $31 per acre less for scenarios with new
fence versus modified fence across dl management scenarios with smal infestations, and $9 per acre
lesswith large infestations. Similarly, returns from leafy sourge control over the 15-year period were
$41 per acre less for scenarios with new fence versus modified fence for smal infestations, and $12 per
acre lesswith large infestations.

Returns per acre from leafy spurge control were higher with large infestations (250-acre) versus
small infestations (50-acre) across al scenariosin each period (Tables 11, 12, 13, and 14). Inthe 5
year period, returns from large infestations compared to small infestations improved by $9 to $37 per
acre for dl scenarios with modified fence. For al scenarios with new fence over the same period,
returns from leafy spurge control improved by $20 to $54 per acre when comparing large to small
infestations. In the 10-year period, returns from large infestations compared to small infestations
improved by $18 to $46 per acre for al scenarios with modified fence. For al scenarios with new
fence over the same period, returns from leafy spurge control improved by $37 to $71 per acre when
comparing large to smdl infestations. In the 15-year period, returns from large infestations compared
to smal infestations improved by $26 to $56 per acre for al scenarios with modified fence. For all
scenarios with new fence over the same period, returns from leafy spurge control improved by $51 to
$88 per acre when comparing smal to large infestations.

Least-loss Andlysis

The good management scenariosin the rotationa grazing systems had positive enterprise
returns, which result in positive returns from control. Thus, least-loss andlyses were not conducted for
those scenarios. However, least-loss scenarios were conducted for the poor management scenarios.

Over the 5-year period, only scenarios with high rangeland productivity and high lesfy spurge
cover resulted in less economic loss than with no control (Tables 15 and 16). With low levels of leafy
spurge infestation (5 percent canopy cover) over the same period, no poor management scenarios
would be recommended, as economic losses with control exceeded losses without control. With high

33



levels of leafy spurge infestation (30 percent canopy cover) over the same period, poor management
scenarios with large infestations would be recommended, as economic losses with control were less
than losses without control

Over the 10-year period, most scenarios with high rangeand productivity and high leafy spurge
cover with large infestations resulted in less economic loss than with no control. Many of the scenarios
with new fence and low leafy spurge cover would not be recommended over the 10-year period.
However, with new fence and high leafy spurge cover, both large and small flock scenarios could be
recommended for al but the least productive rangeland. No smdl flock scenarios would be
recommended at rangeland carrying capacities of 0.20 AUMSs per acre (Tables 15 and 16).

Over the 15-year period, nearly dl of the scenarios with modified fence and large infestations
would be recommended. However, even within the 15-year period, some new fence scenarios and
many of the small infestation scenarios would not be recommended. Thus, using sheep to control leafy
spurge is not economical in dl the Stuations evauated in the rotationa grazing gpproach, given the
budgets used in this sudy.

Feasbility of Long-term Control--Sheep Leasing

An dternative to adopting a sheep enterprise would be to lease sheep for leafy spurge control.
Leasing sheep for leafy spurge control would have some advantages over adding a sheep enterprise to
an exiging ranch. Many financid and operaiona condraints (e.g., capitd, labor, facilities) inherent with
adding another enterprise to an existing ranch operation would be eiminated with sheep leasing.
However, leasing sheep would likely diminate the potentid net revenue generated from an additiona
enterprise. Expenses for leasing sheep would be smilar in context to annud treatment expenses
associated with herbicides (i.e., arancher would be expected to pay some charge per acre per year for
leafy spurge control). The lease arrangements between the sheep owner and individua desiring leafy
spurge control could be numerous. The arrangement used for this study was that the animals would be
leased on amonthly basis for only the time required for leafy spurge control. The lessee would not be
responsible for death loss, hedth, or other flock maintenance duties during summer grazing. The lessee
would be responsible for providing adequate fencing and water, dong with sufficient forage for the
period leased. Trangportation was assumed the respongbility of the lessor. The only expensesfor the
lessee would be the monthly lease rate and fencing costs.

A critica assumption in the evaduation of leasing sheep for purposes of leafy spurge control was
that the same flock would be leased over severd years. The relationship between sheep grazing and
leafy spurge contral, in this study, was based on sheep becoming acclimated to eating leafy spurge. If,
in aleasing arrangement, arancher used sheep each year that were not acclimated to eating |eafy
spurge, control of leafy spurge would likely be less than the amount estimated in this andysis.
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Table 15él Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Poor Management, Rotational Grazing
Scenario

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity - Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUM¢s/acre 5-year Period

0.20 no no no no no no no no yes no no no
0.30 no no no no no no no no yes no no yes
040 no no yes no no no no no yes no no yes
0.50 no no yes no no no no yes yes no no yes
0.60 no no yes no no yes no yes yes no no yes
0.70 no no yes no no yes no yes yes no yes yes
0.80 no no yes no no yes no yes yes no yes yes
0.90 no yes yes no no yes no yes yes no yes yes

10-year Period
0.20 no no no no no no no yes yes no no yes
0.30 no no yes no no no no yes yes no yes yes
0.40 no yes yes no no no yes yes yes no yes yes
050 no yes yes no no yes yes yes yes no yes yes
0.60 no yes yes no no yes yes yes yes yes yes yes
0.70 no yes yes no no yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes
15-year Period

0.20 no no no no no no yes yes yes no yes yes
0.30 no yes yes no no no yes yes yes yes yes yes
040 no yes yes no no yes yes yes yes yes yes yes
050 yes yes yes no no yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes yes yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

8Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $15.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss analysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was |eft uncontrolled. A “yes’ implies that the scenario
will result in less economic loss than no trestment. A “no” implies that the scenario will result in more economic loss than no treatment.
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Table 16a Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Poor Management, Rotationa Grazing
Scenario

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity - Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUM¢s/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no no no no no
0.40 no no no no no no no no yes no no no
0.50 no no no no no no no no yes no no no
0.60 no no no no no no no no yes no no yes
0.70 no no yes no no no no no yes no no yes
0.80 no no yes no no no no no yes no no yes
0.90 no no yes no no no no no yes no no yes

10-year Period
0.20 no no no no no no no no yes no no no
0.30 no no no no no no no no yes no no yes
0.40 no no yes no no no no yes yes no no yes
050 no no yes no no no no yes yes no yes yes
0.60 no yes yes no no no no yes yes no yes yes
0.70 no yes yes no no yes yes yes yes no yes yes
0.80 no yes yes no no yes yes yes yes no yes yes
0.90 no yes yes no no yes yes yes yes yes yes yes
15-year Period

0.20 no no no no no no no yes yes no no no
0.30 no no yes no no no yes yes yes no yes yes
040 no yes yes no no no yes yes yes no yes yes
050 no yes yes no no yes yes yes yes yes yes yes
0.60 yes yes yes no no yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes

8Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $15.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss analysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was |eft uncontrolled. A “yes’ implies that the scenario
will result in less economic loss than no trestment. A “no” implies that the scenario will result in more economic loss than no treatment.



The economics of leasing sheep for leafy spurge control were evauated using $1 per head per
month and $2 per head per month lease rates. Each lease rate was evaluated according to the same
format used in the sheep enterprise andyses, except debt was not considered (debt considerationsin
sheep leasing scenarios would only affect fence expenses). Seasona grazing strategies were based on
grazing sheep for four months, with grazing initisted in May. Seasond grazing periods longer than four
months were not evaluated. Also, rotationd grazing strategies were not eval uated with sheep leasing
for sake of brevity.

Benefit-cost Analysis

Benefit-cost andysis of the two lease rates reveded that returns from leafy spurge control were
sendtive to infestation Sze, infestation canopy cover, fencing costs, and lease rate (Tables 17 and 18).
In the 5-year period, returns for the $1 lease rate varied from ($32) per acre for the smdl flock, low
cover infestation, new fence scenario at 0.20 AUMS per acre carrying capacity to $11 per acre for the
large infestation, modified fence, high cover infestation scenario at 0.90 AUMSs per acre carrying
capacity. Over the same period, returns for the $2 lease rate varied from ($47) per acre for the small
flock, low cover infestation, new fence scenario at 0.20 AUMS per acre carrying capacity to ($4) per
acrefor the large infestation, modified fence, high cover infestation scenario a 0.90 AUMSs per acre
carrying capacity. No scenarios produced positive net returns in the 5-year period with the $2 lease
rate (Table 18).

In the 10-year period, net returns for the $1 lease rate varied from ($50) per acre for the small
flock, low cover infestation, new fence scenario at 0.20 AUMS per acre carrying capacity to $40 per
acre for the large infestation, modified fence, high cover infestation scenario at 0.90 AUMSs per acre
carrying capacity (Tables 17 and 18). Over the same period, returns for the $2 lease rate varied from
($72) per acre for the smdl flock, low cover infestation, new fence scenario a 0.20 AUMS per acre
carrying capacity to $18 per acre for the large infestation, modified fence, high cover infestation
scenario at 0.90 AUMSs per acre carrying capecity. With the $1 lease rate, no scenarios with low
levels of leafy spurge cover produced postive net returns. With high levels of leafy spurge cover, the
$1 lease rates provided positive net returns only in rangeland with carrying capacities of 0.40 AUMs
per acre or higher. With the $2 lease rate, only scenarios with high levels of leafy spurge cover and
high rangeland carrying capacities produced positive net returns from lesfy spurge control (Tables 17
and 18).

In the 15-year period, returnsfor the $1 lease rate varied from ($61) per acre for the small
flock, low cover infestation, new fence scenario at 0.20 AUMSs per acre carrying capacity to $67 per
acre for the large infestation, modified fence, high cover infestation scenario at 0.90 AUMSs per acre
carrying capecity (Table 17). Over the same period, returns for the $2 lease rate varied from ($88) per
acrefor the small flock, low cover infestation, new fence scenario a 0.20 AUMS per acre carrying
capacity to $40 per acre for the large infestation, modified fence, high cover infestation scenario at 0.90
AUMSs per acre carrying capacity. With the $1 lease rate, scenarios with low levels of leafy spurge
cover only produced positive net returns with rangeland carrying capacities of 0.60 AUMSs per acre or
higher. With high levels of leafy spurge cover, the $1 lease rates provided postive returnsin some
scenarios with rangeland carrying capacities down to 0.40 AUMSs per acre. In the 15-year period with
the $2 lease rate, only scenarios with high levels of leafy spurge cover and high rangeland carrying
capacities produced posgitive returns from leafy spurge control (Table 18).
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Table 17. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing with Sheep Leasing ($1.00 per head per
month), Seasona Grazi nga

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -17.7 -16.2 -124 -321 -30.6 -26.8 -15.0 -135 -9.8 -17.9 -16.3 -12.6
0.30 -17.3 -150 -94 -317 -294 -238 -14.7 -123 -6.7 -175 -15.2 -9.6
0.40 -17.0 -138 -6.4 -314 -28.2 -20.8 -14.3 -111 -37 -17.2 -14.0 -6.6
050 -16.6 -12.6 -33 -31.0 -27.0 -17.8 -139 -10.0 -0.7 -16.8 -12.8 -36
0.60 -16.2 -115 -0.3 -30.6 -259 -14.7 -135 -88 23 -164 -11.7 -0.6
0.70 -15.8 -10.3 2.7 -30.2 -24.7 -117 -131 -76 5.3 -16.0 -105 25
0.80 -154 -9.1 57 -29.8 -235 -8.7 -12.7 -6.5 84 -15.6 -9.3 55
0.90 -15.0 -7.9 88 -294 -22.3 -5.6 -124 -53 114 -15.2 -8.2 85

10-year Period
0.20 -236 -198 -14.0 -49.8 -46.0 -40.2 -18.7 -150 -9.2 -24.0 -20.2 -145
0.30 212 -155 -6.8 -47.4 -41.7 -330 -16.4 -108 21 216 -16.0 74
0.40 -18.8 -112 04 -45.0 -374 -25.8 -14.0 -6.5 50 -19.3 -11.8 -0.3
050 -16.4 -6.9 7.6 -42.6 -331 -18.6 -11.7 -2.3 121 -16.9 -75 6.8
0.60 -14.0 -2.6 14.8 -40.3 -28.8 -114 -9.3 19 19.2 -14.6 -33 140
0.70 -11.6 17 220 -379 -245 -4.2 -70 6.2 26.3 -12.2 09 211
0.80 -9.2 6.0 29.2 -355 -20.2 30 -4.6 104 334 -9.9 51 282
0.90 -6.8 103 364 -331 -159 10.2 -2.3 14.6 405 -75 94 353
15-year Period

0.20 -24.6 -197 -137 -60.6 -55.7 -49.7 -182 -134 74 -25.3 -205 -14.6
0.30 -19.2 -118 -29 -55.2 -47.8 -38.8 -129 -5.7 32 -20.1 -129 -4.0
0.40 -138 -39 80 -49.7 -399 -28.0 -7.6 20 139 -14.8 -52 6.7
050 -83 40 189 -44.3 -320 -17.1 -2.3 9.7 245 -95 25 17.3
0.60 -2.9 118 29.7 -389 -24.1 -6.2 30 174 3H.1 -4.2 10.2 279
0.70 25 19.7 40.6 -335 -16.3 46 83 251 458 11 17.9 386
0.80 79 276 515 -28.1 -84 155 135 327 56.4 6.3 255 492
0.90 133 3H5 62.3 -22.6 -05 264 188 404 67.1 116 332 59.9

%Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy
cover trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMSs valued at
$15.
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Table 18. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing with Sheep Leasing ($2.00 per head per
month), Seasona Grazi nga

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -329 -329 -27.6 -47.3 -45.7 -42.0 -30.2 -28.6 -24.9 -330 -315 -27.8
0.30 -325 -325 -24.5 -46.9 -445 -389 -29.8 -274 -219 -32.7 -30.3 -24.7
0.40 -321 -321 -21.5 -46.5 -433 -359 -294 -26.3 -18.8 -323 -29.1 -21.7
050 -31.7 -3L7 -185 -46.1 422 -329 -29.0 -25.1 -15.8 -31.9 -280 -18.7
0.60 -31.3 -313 -154 -45.7 -41.0 -29.8 -28.6 -239 -12.8 -315 -26.8 -15.7
0.70 -30.9 -30.9 -124 -45.3 -39.8 -26.8 -28.2 -22.8 -9.8 -311 -25.6 -12.7
0.80 -305 -305 -94 -44.9 -386 -238 -279 -21.6 -6.8 -30.7 -24.5 -9.6
0.90 -30.2 -30.2 -6.4 -44.6 -375 -20.8 -275 -204 -37 -304 -233 -6.6

10-year Period
0.20 -45.8 -42.0 -36.2 -720 -68.2 -62.4 -41.0 -37.2 -314 -46.2 -425 -36.7
0.30 -434 -37.7 -29.0 -69.6 -639 -55.2 -386 -330 -24.3 -439 -38.2 -29.6
0.40 -41.0 -334 -21.8 -67.3 -59.6 -48.0 -36.3 -28.7 -17.2 -41.5 -34.0 -225
050 -386 -29.1 -14.6 -64.9 -553 -40.8 -339 -24.5 -10.1 -39.2 -29.8 -154
0.60 -36.2 -24.8 -14 -62.5 -51.0 -33.6 -31.6 -20.3 -30 -36.8 -255 -83
0.70 -338 -205 -0.2 -60.1 -46.7 -26.4 -29.2 -16.1 41 -345 -21.3 -12
0.80 -315 -16.2 7.0 -57.7 424 -19.2 -26.9 -118 11.2 -321 -17.1 6.0
0.90 -29.1 -119 14.2 -55.3 -38.1 -12.0 -245 -7.6 183 -29.8 -12.8 131
15-year Period

0.20 -51.6 -46.7 -40.8 -87.6 -82.7 -76.7 -45.2 -40.4 -345 524 -47.6 -41.7
0.30 -46.2 -388 -29.9 -82.2 -74.8 -65.9 -399 -32.7 -238 471 -399 -31.0
0.40 -40.8 -31.0 -19.0 -76.8 -66.9 -55.0 -34.6 -25.0 -132 -41.8 -322 -204
050 -354 -231 -8.2 -71.3 -59.0 -44.1 -29.3 -17.3 -25 -36.5 -245 -9.7
0.60 -30.0 -15.2 2.7 -65.9 -51.2 -333 -24.1 -9.7 81 -31.2 -16.9 09
0.70 -245 -7.3 13.6 -60.5 -433 -224 -18.8 -20 188 -26.0 -9.2 116
0.80 -19.1 0.6 24.4 -55.1 -35.4 -115 -135 5.7 294 -20.7 -15 22
0.90 -137 84 353 -49.7 -275 -0.7 -8.2 134 40.0 -154 6.2 328

%Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy
cover trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMSs valued at
$15.



Over the 5-year period, tota returns from leafy spurge control with $1 and $2 |ease rates,
averaged over various carrying capacities, increased about $15 per acre when leafy spurge canopy
cover increased from 5 percent to 30 percent. Over the 10-year period, returns from leafy spurge
control with $1 and $2 lease rates, averaged over various carrying capacities, increased about $26 per
acre when leafy spurge canopy cover increased from 5 percent to 30 percent. Similarly, over the 15-
year period, returns from control improved about $30 per acre when leafy spurge canopy cover
increased from 5 percent to 30 percent (Tables 17 and 18).

In the 5-year period, the additiona expense for new fence versus modified fence reduced
returns from leafy spurge control by an average of $14 per acre across dl scenarios with small
infestations, and $3 per acre less with large infestations. Over the 10-year period, net returns from
leafy spurge control were $26 per acre less for scenarios with new fence versus modified fence across
al scenarios with samdl infestations, and $5 per acre lesswith large infestations. Similarly, net returns
from leafy spurge control over the 15-year period were $36 per acre less for scenarios with new fence
versus modified fence for small infestations, and $7 per acre less with large infestations (Tables 17 and
18).

Net returns per acre from leafy spurge control were higher with large infestations (250-acre)
versus smdl infestations (50-acre) across all scenariosin each period. In the 5-year period, net returns
from large infestations compared to small infestations improved by $3 per acre for $1 and $2 lease
rates. For dl scenarios with new fence over the same period, net returns from leafy spurge control
improved by $14 per acre when comparing large to smdl infestations. In the 10-year period, net
returns from large infestations compared to smal infestations improved by $5 per acre for $1 and $2
leaserates. For dl scenarios with new fence over the same period, net returns from leafy spurge
control improved by $26 per acre when comparing large to smdl infestations. I1n the 15-year period,
net returns from large infestations compared to smd| infestations improved by $6 per acre for all
scenarios with modified fence. For dl scenarios with new fence over the same period, net returns from
leafy spurge control improved by $35 per acre when comparing large to small infestations (Tables 17
and 18).

L east-loss Analysis

Least-loss andyss determinesif the losses from control exceed the losses from no contral.
Most of scenarios evauated in the 5-year, 10-year, and 15-year periods had negative net returns from
leafy spurge control with the |lease rates eva uated.

Over the 5-year period with the $1 lease rate, only scenarios with high rangeland productivity

and high leafy spurge cover resulted in less economic loss than with no control (Tables 19 and 20).
With low levels of leafy spurge infestation (5 percent canopy cover) over the same period, none of the
lease scenarios examined would be recommended, as economic losses with control exceeded losses
without control. With high levels of leafy spurge infestation (30 percent canopy cover), scenarios with
modified fence would be recommended based on the least-loss criteriafor smdl and large infestations
with rangeland carrying capacities down to 0.40 AUMSs per acre. With high leves of leafy spurge
cover, scenarios with new fence would be recommended for small infestations with rangeland carrying
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capacities down to 0.60 AUMSs per acre. With high levels of leafy spurge infestation, scenarios with
new fence would be recommended based on the least-loss criteriafor large infestations with rangeland
carrying capacities down to 0.40 AUMS per acre.

Over the 5-year period with the $2 lease rate, only scenarios with high leafy spurge cover and
those with rangeland carrying capacities of 0.60 AUMSs per acre or higher resulted in less economic
loss than with no control (Tables 19 and 20). All other scenarios evauated in the 5-year period with
the $2 |ease rate would not be recommended.

Over the 10-year period with the $1 lease rate, nearly dl scenarios with high rangeland
productivity (0.60 AUMs per acre or higher) and high leafy spurge cover (30 percent canopy cover)
resulted in less economic loss than with no control (Tables 19 and 20). Some of the scenarios with
new fence and low leafy spurge cover would not be recommended over the 10-year period. However,
with new fence and high leafy spurge cover, both large and small infestations could be recommended
for dl but the least productive rangeland. In the 10-year period, the smdl infestation scenario with low
leafy spurge cover and new fence would not be recommended, regardless of rangeland carrying

capacity.

Over the 10-year period with the $2 lease rate, no scenarios with low leafy spurge cover would
be recommended, regardless of rangeland productivity (Tables 19 and 20). Some of the scenarios with
modified fence and high leafy sourge cover would be recommended down to rangeland carrying
capacities of 0.40 AUMSs per acre. Mogt of the new fence, small infestation scenarios would not be
recommend with the $2 lease rate over the 10-year period. Similarly, in the new fence, large infestation
scenarios, only those with productive rangeland would be recommended.

In the 15-year period, most of the modified fence scenarios, both smal and large infestations,
would be recommended with $1 lease rate. However, with smal infestations and new fence,
recommendations would be sengtive to rangeland carrying capacities. The new fence, large infetation
scenarios would be recommended with the $1 |ease rate for carrying capacities down to 0.30 AUMs
per acre.

Many scenarios, in the 15-year period, with high infestation cover, high rangeland productivity,
and modified fencing would be recommended at the $2 lease rate. Conversdly, most scenarios with
low infestation cover, low rangeland productivity, and new fencing would not be recommended (Tables
19 and 20). No scenarios would be recommended with the $2 lease rate in the 15-year period for
rangeland carrying capacities of 0.20 AUMSs per acre.

41



v

Table 19. Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing with Sheep Leasing ($1.00 per head per month),
Seasond Grazi nga

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no yes no no no
040 no no yes no no no no no yes no no yes
0.50 no no yes no no no no no yes no no yes
0.60 no no yes no no yes no no yes no no yes
0.70 no no yes no no yes no yes yes no no yes
0.80 no yes yes no no yes no yes yes no yes yes
0.90 no yes yes no no yes no yes yes no yes yes

10-year Period
0.20 no no yes no no no no no yes no no no
0.30 no no yes no no no no yes yes no no yes
040 no yes yes no no yes no yes yes yes yes yes
0.50 no yes yes no no yes yes yes yes yes yes yes
0.60 yes yes yes no no yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes
15-year Period

0.20 no no yes no no no no yes yes no no yes
0.30 no yes yes no no no yes yes yes no yes yes
0.40 yes yes yes no no yes yes yes yes yes yes yes
0.50 yes yes yes no yes yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes yes yes yes yes yes yes yes yes yes
0.80 yes yes yes yes yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

8Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $15.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss analysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was |eft uncontrolled. A “yes’ implies that the scenario
will result in less economic loss than no treatment. A “no” implies that the scenario will result in more economic loss than no treatment.
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Table 20. Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing with Sheep Leasing ($2.00 per head per month),
Seasond Grazi nga

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no no no no no
0.40 no no no no no no no no no no no no
0.50 no no no no no no no no no no no no
0.60 no no yes no no no no no yes no no yes
0.70 no no yes no no no no no yes no no yes
0.80 no no yes no no yes no no yes no no yes
0.90 no no yes no no yes no no yes no no yes

10-year Period
0.20 no no no no no no no no no no no no
0.30 no no no no no no no no no no no no
0.40 no no yes no no no no no yes no no yes
0.50 no no yes no no no no no yes no no yes
0.60 no yes yes no no yes no yes yes no yes yes
0.70 no yes yes no no yes no yes yes no yes yes
0.80 no yes yes no no yes no yes yes no yes yes
0.90 no yes yes no yes yes no yes yes no yes yes
15-year Period

0.20 no no no no no no no no no no no no
0.30 no no yes no no no no no yes no no yes
0.40 no yes yes no no no no yes yes no no yes
0.50 no yes yes no no yes no yes yes no yes yes
0.60 yes yes yes no no yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

8Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs valued at $15.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss analysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled. A “yes’ implies that the scenario
will result in less economic loss than no trestment. A “no” implies that the scenario will result in more economic loss than no treatment.



DISCUSSION

The following section identifies data and method shortcomings present in thisstudy. Also, a
generd discussion of the factors influencing the economics of using sheep to control leafy spurge has
been included.

Data and Method Shortcomings

A number of data and method shortcomings were present in thisanalyss. First, some key
components of the model were based on “best estimates’ of range and weed scientists. The first three
to four years of leafy sourge control using sheep was based on range research; however, contral in the
remaining years was largely extrapolated from existing research data. The exact nature of leafy spurge
control using sheep in years 5 through 10 has not been fully quantified. Also, the exact rdationship
between leafy spurge control and grass recovery is unknown.

A number of additiona analyses could be used to show the sengtivity of net returns from legfy
spurge control with different sets of model parameters (e.g., adjust model for less or more control,
increase or decrease the amount of grass availability, use various rates of grass recovery). However,
for sake of brevity, and snce most of the exigting relaionships used in the model have not be been fully
researched, additiona scenarios showing the effects of different modd parameters were not included.
Little vdlue exigs in showing the sengtivity to returns from subjective adjustments to parameters that are
dready somewhat subjective (based on best estimates). Sengtivity of returns to changesin model
parameters would best be addressed in further research.

All andyses were evauated based on leafy spurge canopy cover levels of 5, 15, and 30
percent. These percentages were used to evauate low, moderate, and high levels of grazing lossto
catlewithin leafy spurge infestations. Higher canopy cover percentages would not affect the amount
of logt grazing to cattle, but would have implications for grass recovery and potentia returns to control.
However, analyses of leafy spurge infestations with greater than 30 percent canopy cover were not
evauated for sake of brevity. Additiona analyses of the net returns from grazing controls using higher
leafy spurge densties and levels of canopy cover would be warranted in further research.

Sheep prices, enterprise proficiency, production costs, debt levels, and grazing values were
fixed over the andyds periods. Ther vaues will likely fluctuate over time or vary for individud
ranchers. The effects of changesin those vaues were not addressed in this sudy. Andyzing the effects
of changing economic vaues for key components of a sheep enterprise would best be completed in
futurework. A stochastic gpproach (i.e., arange of vaues dlowed to change over time) to
incorporating changing economic vaues would represent an improvement over the deterministic
approach (i.e,, vaues fixed over the andysis period) used in this study.

Fencing costs were amortized over 20 years. However, the longest analysis period was 15
years. Net returnsin each of the three periods analyzed did not include dl of the fencing expenses.
Net returns from leafy spurge control would decrease if totdl fencing costs were dlocated to any
particular period. However, snce the sdvage vaue of the additiona fencing materias were not
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incorporated into the annua amortization of fencing costs, fencing expenses gpproximeated fence
depreciation, since the portion of fencing cogts that was not alocated would approximate the remaining
vaue of the fencing materias. From that perspective, the results closely captured the net costs of
fencing in each time period.

The effects of changing the vaues of someinitid Stuation inputs were not included in the
andyss. For example, dl andyses were conducted using one spread rate for leafy spurge infestations.
Also, the annud rate of increase in leafy spurge canopy cover was fixed across dl analyses. Other
fixed inputs included the overdl size of the pasture (all andyses used a 350-acre pasture) and fixed
szes of leafy spurge infestations (only a 50-acre and 250-acre infestation). The sengtivity of net returns
to changes in those values was not addressed, and the study results could be improved by including
these additional analyses. However, these additiond analyses would be best conducted when other
mode parameters are improved or refined.

Multiple species grazing has been shown to improve range hedth and increase grazing output
on rangeland, assuming proper stocking rates. Any additiona benefits obtained from multiple species
grazing were not included in the andyss. Sheep may dso help control other weeds on rangedand, in
addition to contralling lesfy spurge. Potentid benefits from additiona weed control and improvements
in range productivity slemming from multiple species grazing were not included in this sudy. Future
andyses, incorporating those benefits, would enhance the vaue of using sheep for weed control and
provide a broader look at using grazing controls for range improvements.

Labor costs were not included in the sheep enterprise budgets or in the fencing expenses.
Thus, even though returns may be positive for many control Stuations, returns from control may not be
aufficient to adequately compensate a rancher for labor inputs. What a rancher would consider
adequate compensation for time and labor inputs is a question best resolved by individua ranchers.
Labor requirements for a sheep enterprise would be required annually; wheress, labor requirements for
fence congruction and modification would be incurred once (not including requirements for annua
fence maintenance). Returns from leafy spurge control would be reduced if specific charges were
included for labor inputs, as labor charges would reduce enterprise returns and increase fencing costs.

This study examined the economics of using sheep grazing to contral leafy ourge; however, the
issue of the economics of control may be irrdlevant if aranch operation has other congraints to
adopting a sheep enterprise. Other issues, which should be examined, include financia and operationa
congraints to usng sheep as acontrol tool for leafy spurge. These congraints may include the financid
feaghility of adding a sheep enterprise to an existing ranch. Financid feasbility would address the
availability of capitd, cash flow, and other financia characterigtics of aranch operation that may
prohibit adoption of an additional enterprise. Operationa condraints, such as labor availability and
seasond |abor demands, may also pose restrictions on adopting an additional enterprise. Financid and
operationa congtraints need to be addressed; however, those issues would be best resolved in
additiond research.
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Factors Influencing Retur ns from Control

A multitude of factors can influence the economics of using sheep to control leafy spurge. One
of the biggest factors influencing returns from leafy spurge control would be enterprise returns. When
enterprise returns were postive, net returns from leafy spurge control were pogtivein al of the
treatment Stuations examined. In some cases, returns from leafy spurge control were substantial.
However, when sheep are leased or enterprise returns were negative, anumber of other factors
influence the economics of control.

Large infestations were more economicd to treet than smdl infestations, based on the
fundamenta assumptions used in thisstudy. Fencing costs were modeed to be less with larger
infestations, since overal pasture Size was fixed across infestation Szes. In redity, per acre fencing
costs for a 200-acre infestation could be the same for a 50-acre infestation. Also, because some
efficienciesin sheep production occur when moving from small flocks (e.g., 50 ewes) to large flocks
(e.0., 200 ewes), enterprisereturns (i.e., $ per ewe) improved with flock size. Thus, lower per ewe
fencing costs and more favorable enterprise returns were magjor reasons for returns from control being
more favorable with larger infetations.

With good flock management, returns from control were positive with both rotationa and
seasona grazing dtrategies. However, rotationd grazing scenarios were less economica than seasona
controls, due to reduced leafy spurge control and higher fencing costs associated with rotationd grazing
systems. However, differencesin leafy spurge control between the two grazing systems for any
particular Stuation may not match those used in thisreport. Fencing costs were higher with rotationd
grazing because of the additional materials for interna fences. Over the 10-year and 15-year periods,
the difference between returns from rotational and seasona grazing drategies, in most Stuations
andyzed in this sudy, did not subgtantidly influence the economics of using sheep to control leefy

spurge.

Returns from control improved as leafy spurge canopy cover increased. As grazing losses for
cattle increased, returns from leafy spourge control also increased. This relaionship directly influenced
the amount of grazing recovery that could be expected from leafy spurge control. Returns from leafy
spurge control improved proportiondly to changes in grazing recovery. Also, Since sheep grazing was
only evduated usng relatively large infestations, the vaue of grazing retention (i.e., grazing output
retained by preventing infestation spread) was a smal component of overal returns. The effects of
much higher leafy spurge densities and levels of canopy cover would affect net returns from leafy spurge
contral if grass recovery and forage available within the infestations differed from the level g/relationships
assumed in this studly.

Returns from control were directly proportiond to the productivity of rangeland. Returnsaso
improved proportiondly with increasesin AUM vaues. Asthe two components increased, returns
increased proportionaly with changes in rangdland productivity and grazing output vaues. Thus,
holding al other factors congtant, returns were greater on more productive rangdand. Similarly, holding
al factors congtant, returns improved as AUM values increased.
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The leve of debt used in this study did affect returns from leafy spurge control. Theleve of
debt used in this study had sufficient influence on returns from control (about $12 to $23 per acre) to
affect decisons regarding the economics of using sheep to control leafy sourge. The effects of debt
were most influentid in the poor management scenarios. Debt expenses reduced enterprise returns and
increased fencing expenses. If enterprise returns are pogitive after debt expenses, returns from control
will ill be pogtive. However, when enterprise returns were negetive, debt expenses were sufficient in
some Situations to make sheep grazing of leafy spurge uneconomical. The effects of various debt levels
and debt expenses were not included in thisstudy. A broader examination of the effects of debt
expenses on the economics of using sheep to control leafy spurge would improve this research.

The added expense for new fence had a much greater effect on returns from smdl infestations
(expense was divided among fewer acres). For example, in the 5-year period, returns from control
improved by $15 per acre with modified fence compared to new fence with smal infestations;
however, returns from control only increased by $5 per acre with modified fence compared to new
fence with large infestations. The difference in net returns with modified versus new fence increased
with both the smdl and large infestations over the three periods. For example, with small infestations,
returns from control improved about $15 per acre in the 5-year period, but over the 10-year period,
returns improved by $26 per acre and improved by $34 per acre over the 15-year period. Similarly,
with large infestations, returns from control improved by $5 per acre in the 5-year period, $7.5 per
acrein the 10-year period, and $10 per acre in the 15-year period.

The difference in net returns between new fence and modified fence scenarios for rotationa
grazing were greater than the differences with the seasond grazing strategies. The increased fencing
expense assumed in the rotationa grazing systems accounted for the difference.

Lease rates of $2 per head per month were not economica in most control Situations.
However, aleaserate of $1 per head per month was economical in many of the control situations.

Returns from using wethers to control leafy spurge were not provided because none of the
wether enterprise scenarios developed in this study were economical for leafy spurge control. Little
data exigts to accurately estimate annua production costs for wether flocks. Wether flocks may be
economica to use for leafy spurge control in some Situations, providing actua production costs are less
than those developed in this studly.

To recap, the factors influencing returns from using sheep to control leafy spurge have been
highlighted:

AUM vdues-returns from control changed proportionaly with changesin AUM vaues.

Rangdand productivity--returns from control changed proportiondly with changesin rangeland
productivity.

Enterprise returns--the level of management, or financia performance, of the sheep enterprise

had substantid effects on returns. Labor costs were not included in elther the sheep budgets or
fencing expenses.
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Sheep leasing--leasing sheep for leafy spurge control may be an attractive dternative to adding
a sheep enterprise to an existing operation. However, lease rates above $1 per head per month
were not economicd in many Stuations.

Infestation Size--returns from control increase as infestation Size increased across constant
pasture Szes. Between the two infestation sizes evauated, large infestations subgtantialy
increased net returns per acre over smdler infestations.

Fence expenses--modified fence was more economica than new fence, dthough the additiona
cost of new fence was not as prevaent in large infestations, assuming fixed pasture size.
Expenses for new fence had more effect on returns from control in rotationa grazing sysems.

Debt costs--returns from control were less in the enterprise scenarios with debt; however, debt
cods done did not greetly influence overdl returns from leafy spurge control

Grazing system--seasond grazing was more economica than rotationa grazing, largely because
rotationd grazing had lower leafy spurge control rates and higher fencing costs.

Infestation canopy cover--as infestation canopy cover increased (ability of cattle to graze within
the infestation decreased), returns from control increased. The range of canopy cover
evauated only ranged from 5 to 30 percent. Returns from control of much denser leafy spurge
infestations would likely differ from the results presented in this study.

Time period--returns per acre of leafy spurge improved for most scenarios as the andysis
period increased from 5-yearsto 10- and 15-year periods. Returnsin the various periods
would be senstive to changesin the discount rete.

CONCLUSIONS

Very little economic information is available regarding the economics of using sheep to control
leafy spurge. The primary god of this research was to evauate the economics of using sheep to control
leafy spurge over awide range of Stuations. Although awide range of situations was evauated, many
of the key relationships between sheep grazing and forage recovery (cattle) have not be quantified.
These relationships were estimated, for purposes of this study, based on assumptions and “best
esimates’ of weed and range scientists. Thus, until these relationships can be further refined, much of
the economic analysis provided by this research remains sengtive to those key assumptions and
relationships. However, the results from this preliminary research do provide important ingghts into the
economics of using sheep to control leafy spurge.

The basic premise for this study was that sheep would be added to leafy spurge infested
rangeland either through (1) adoption of a sheep enterprise by an existing ranch or (2) leasing sheep
during the grazing season. Severa possible sheep enterprise scenarios were devel oped, which would
represent a reasonable range of flock performance and financia conditions which could be expected
from cattle ranchers. Sheep grazing as a leafy spurge control method was economica across many of
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enterprise scenarios developed. However, a number of other factors, such as additiond |abor
requirements and financia condraints, need to be consdered before implementing a grazing control
srategy. Labor costs were not included in the sheep enterprise budgets or in the fencing expenses.
Thus, even though returns may be positive for many control Stuations, returns from control may not be
aufficient to adequately compensate arancher for labor inputs. Providing these congtraints do not
prohibit adding a sheep enterprise to an existing ranch, the economics of using sheep grazing to control
leafy spurge appear favorable. In many of the scenarios with negative sheep enterprise returns, the
benefits of leafy spurge control outweighed the costs of control (enterprise returns). Thus, controlling
leafy spurge with sheep grazing can be economica even if the sheep enterprise had negative enterprise
returns.

The economics of using sheep grazing to control leafy spurge gopear promising. Although
many of the key relationships tying leafy spurge control to grazing benefits remain unquantified, the
economics of sheep grazing were positive across many of the scenarios evauated in this study. A
number of factors, more so than perhapsin other leafy spurge controls, can influence both the costs and
returns from using sheep grazing as aleafy spurge control. Generd flock performance (e.g., lambing
rate, weaning weight, death loss) had the greatest effect on returns from leafy spurge control. Other
consderations, such as fencing expenses and enterprise debt, aso influenced returns from contral.
Obvioudy, modifying an existing fence to contain shegp was more economica than congructing new
fence. Similarly, enterprise scenarios that were debt free were more economica than those with debt.
Small flocks (flock size wastied to leafy spurge acreage) were less economica than large flocks. Also,
leafy spurge canopy cover, AUM vaues, and rangeland productivity each directly (proportiona to
changes in those vaues) affected returns from control. However, even some of the most pessmigtic
gtuations (e.g., poor flock performance, debt overhead, new fence expenses) resulted in less economic
loss with grazing controls than without contralling leafy sourge. However, many Stuations were also not
economical.

While using sheep to control leafy spurge could be economica in many sSituations (based on the
limitationsin this sudy), a careful evduation usng ste- and rancher-gpecific inputs would be
recommended before implementing sheep grazing as aleafy spurge control method. Aswith any
decison regarding along-term strategy to control leafy spurge, information in this study should be used
in conjunction with other information and with consultation with weed scientists when formulating long-
term control strategies.
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APPENDIX A

Model Parameters




This section presents model parameters and explanations of how the physical relationships
between infestation canopy cover, rate of spread, grass production, and grass utilization (beef) are
handled inthe model. Sheep stocking rates were parametersin the model (Appendix Table Al).
Reduction in leafy spurge dengity also was amodd parameter (Appendix Table A2).

Grazing Loss

Loss of grazing cagpacity in AUMS (beef) is based on infestation Size, carrying capacity,
infestation canopy cover percentage, and the percentage grazing loss resulting from various levels of
leafy spurge canopy cover. Carrying cagpacity, Sze of infestation, initid infestation canopy cover, initiad
rate of spread (lateral feet per year), and annud increase in leafy spurge canopy cover (if uncontrolled)
areinputs to the modd. The amount of grazing loss from various levels of infestation canopy cover isa
mode parameter (see Figure 4). The mode ca culates the amount of lost grazing that would occur
without control by estimating the change in infestation Size and canopy cover over time.

Grass Utilization

The modd firgt determines the dynamics of infestation size and the influences of grazing control
on the rate of infestation oread. Infestation Sizein year 1 is matched with the expected changein
infestation spread rate to arrive at expected Sze of the infestation in year 2. Subsequent years are
handled in the same manner. Rate of spread is afunction of control, which is determined by the type of
grazing system and number of years of grazing (Appendix Table A3).

The mode then determines the effects of sheep grazing on infestation canopy cover. Inyear 1,
the modd gartswith initid infestation cover and the expected change in cover with the specific levd of
control (sheep-seasond, sheep-rotationd). The modd then estimates the change in cover for year 2.
In subsequent years, the modd has (built in) congraints on the minimum infestation dengity obtainable
through sheep control in any given year. (Infestation canopy cover can only drop to a certain point
regardless of control--a minimum dengity was mandated in each year as percentage of starting dengty,
because mathematically, the amount of leafy spurge control, as defined in this sudy (see Figure 4),
would eventualy produce near zero levels of canopy cover. However, sheep grazing will not eradicate

leafy spurge).

The amount of forage available to cattle in the infestation is then estimated based on the canopy
cover of the infestation (Appendix Table A4). Maximum (percentage of carrying capecity) levels of
forage production were built into the mode to limit the upper capacity of grass production within the
infestation. The change in grass production was dso limited to 40 percent of the change in dengity in
any given year (e.g., if infestation density goes from 60 to 50 percent, grass production increases by 4
percent from levelsin the previous year). Grass used by cattle is then afunction of grass available and
the amount used by cattle based on year of grazing control (Appendix Table A5). Thus, caitle can only
use a portion of the amount of grass available, and the amount of grass available was regulated by
changesin canopy cover. Over time the stocking rate for sheep was assumed to be reduced
(Appendix Table A6).



Appendix Table A1. Recommended Sheep and Goat
Stocking Rates for Leafy Spurge Control

Western ND Eastern ND
Months Animals Per Acre Animals Per Acre
Grazed Sheep Goats Sheep Goats
1 4 12 8 16
2 2 6 4 8
3 15 45 3 6
4 1 3 2 4
5 0.875 2.625 1.75 3.5
6 0.75 2.25 15 3
7 0.625 1.875 1.25 2.5
8 0.5 1.5 1 2

Appendix Table A2. Leafy Spurge Density Reduction,
Sheep and Goat Grazing

Goats Sheep
Year Seasonal Rotational Seasonal Rotational
1 0% 0% 0% 0%
2 8% -10% 5% -15%
3 25% 10% 20% 5%
4 55% 28% 45% 25%
5 70% 50% 60% 40%
6 79% 71% 69% 53%
7 83% 77% 75% 64%
8 87% 80% 78% 71%
9 87% 80% 81% 76%
10 87% 80% 83% 78%
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Appendix Table A3. Rate of Expansion of Leafy Spurge
Infestation, under Goat and Sheep Grazing

Goats Sheep
Year Seasonal Rotational Seasonal Rotational

1 100% 100% 100% 100%
2 44% 49% 44% 49%
3 11% 27% 11% 27%
4 0% 7% 0% 7%
5 0% 0% 0% 0%
6 0% 0% 0% 0%
7 0% 0% 0% 0%
8 0% 0% 0% 0%
9 0% 0% 0% 0%
10 0% 0% 0% 0%

Appendix Table A4. Relationship between Infestation Density
and Forage Available to Cattle, Initial Conditions

Forage Available

Infestation as a Percent of
Density Carrying Capacity
1to 5% 95%
6 to 10% 90%
11 to 20% 80%
21 to 30% 70%
31 to 40% 60%
41 to 50% 50%
51 to 60% 40%
61 to 70% 30%
71 to 79% 25%
80+% 20%
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Appendix Table A5. Grass Utilization of Available Forage
within Leafy Spurge Infestations, Cattle

Goats Sheep

Year Seasonal Rotational Seasonal Rotational
1 0% 0% 0% 0%
2 50% 47% 50% 47%
3 80% 77% 80% 77%
4 90% 88% 90% 87%
5 90% 88% 90% 87%
6 90% 88% 90% 87%
7 90% 88% 90% 88%
8 90% 88% 90% 88%
9 95% 93% 95% 93%
10 95% 93% 95% 9,3%

Appendix Table A6. Stocking Rate Reduction for Sheep and
Goat Grazing of Leafy Spurge

Goats Sheep
Year Seasonal Rotational Seasonal Rotational

-------------------- % of normal rate

1 100% 100% 100% 100%
2 100% 100% 100% 100%
3 100% 100% 100% 100%
4 50% 100% 60% 60%
5 50% 60% 60% 60%
6 50% 60% 60% 60%
7 50% 60% 60% 60%
8 25% 25% 40% 40%
9 25% 25% 40% 40%
10 25% 25% 40% 40%

57



Blank page for duplicating.

58



APPENDIX B

Sheep Enterprise Coefficients and Budgets




All scenarios with the exception of the wether flock,> describe operations typica in western North
Dakota farm flock operations. The sheep enterprises were based on spring lambing prior to spring
caving, 0 asto not interfere with aranch’s norma operations. Only breeding stock were used for leafy
spurge control. Lambs were assumed to be weaned before summer grazing and retained in feedlots
after weaning. Sheep budgets were prepared usng SheepBud, a computer enterprise analys's program
for sheep producers (Hughes et a. 1997). Ewes were assumed to be commercia western white faced
ewes and rams were black faced sres. All replacements were assumed raised and remaining lambs
were marketed for daughter.

Smdl flocks had 60 ewes and 2 rams and large flocks had 200 ewes and 6 rams. Facility and
equipment requirements for al flocks were modest. The smal flock was budgeted a $1500 for building
renovetion and equipment purchase and the large flock was budgeted at $2000, assuming the sheep
enterprises were placed into an existing ranch operation and would be able share or reuse existing
fadlities

Flocks were further categorized by those with debt and those without debt. Half of the sheep
enterprises had no debt, meaning that livestock, facilities, and equipment were either dready avallable or
purchased without financing. The enterprises with debt were assumed to have 50 percent of the
equipment and facility requirements financed for 5 years and 50 percent of the breeding stock purchases
financed for 3 years. Loan interest rate was set at 10 percent.

Poor management flocks were assumed to have a lambing rate of 100 percent and a 10 percent
death loss up to weaning. An additiona desth |oss post-weaning of about 20 percent was assumed for
the poor management flocks. Actual lambs sold per ewe exposed was assumed to be 0.7 for the poor
management flocks. The level of proficiency in the poor performing scenarios was below that of
unassisted lambing flocks on the Hettinger Research Station (Hettinger Research Extenson Center
1999). In contrast, the good management flocks were assumed to wean 1.35 lambs per ewe exposed
and to market 1.15 lambs per ewe exposed. The good management scenarios represent average results
for North Dakota sheep producers. Thus, the proficiency of enterprisesin this study ranged from levels
achieved by proven sheep producersto levels below that of unassisted flocks.

Feed expense for al flocks was based on market prices for feed inputs (Appendix Table B1).
Pasture charges were not included the budgets, as sheep would primarily be grazing forage unavailable
to cattle (i.e., leafy sourge). Good management scenarios used dightly more feed per ewe. Lamb feed,
on a per head bas's from weaning to market, was assumed equd for al flocks. Lambs were assumed to
gan 1 pound for every 7 pounds of feed fed. Lamb ration was 25 percent roughage and 75 percent
grain. Ewe rations varied according to specific reproductive periods.

SThere are no known wether flocksin the northern Great Plains. Wethers have been used for grazing
research in the past, but not in recent years.
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Other variable codts, such as shearing, Uutilities, fud, etc., were assumed equd (i.e., per ewe) among
al enterprises. Sdlling prices for lamb, cull ewes, and wool represented average 5-year North Dakota
prices (North Dakota Agricultural Statistics various years).

Severd other key assumptions were made in the preparation of the sheep budgets. Economic
charges (depreciation) were not included for machinery and equipment that overlgp with cattle
production. Thus, expenses for stock trailers, loader tractor, pickup, and other overlapping equipment
were not included in the budgets. All pastures were assumed to have water present in sufficient
quantities and available to sheep. Water maintenance expenses were not included in the budgets.

A number of annual budgets were estimated for the various enterprise scenarios due to changes in
debt expense and reductions in flock size over time. In the enterprise scenarios with debt, separate
budgets were estimated for years 1 and 2, 3, 4 and 5, 6, 7, and 8 through 10. Years 1 and 2
represented initid conditions. Year 3 had extra sde of lambs since no replacement lambs were needed
for the following year. Year 4 and 5 represented a reduction in flock size from year 3 and debt on
breeding stock was expired. Year 6 had the same flock size as years 4 and 5; however, debt on fixed
assets was expired. Year 7 had extra sale of lambs since no replacement lambs were needed for the
following year. Years 8 through 10 represented anew flock size.

In the enterprise scenarios with no debt, separate budgets were estimated for years 1 and 2, 3, 4
through 6, 7, and 8 through 10. Years 1 and 2 represented initid conditions. Year 3 had extra sale of
lambs since no replacement lambs were needed for the following year. Y ears 4 through 6 represented a
reduction in flock size from previous years. Year 7 had extra sde of lambs since no replacement lambs
were needed for the following year. Y ears 8 through 10 represented a new flock size.
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AEBendix Table B1. Sheee Entererise Coefficients and Characteristics

Level of Enterprise Proficiency

Characteristics/Coefficients Good Management Poor Management
Selling Characteristics
Market Lamb Selling Price (per cwt) $75.00 $75.00
Cull Ewe Selling Price (per cwt) $35.00 $35.00
Cull Ram Selling Price (per hd) $50.00 $50.00
Wool Selling Price (per Ib) $0.50 $0.50
Market Lamb Selling Weight (Ibs/hd) 120 105
Lamb Weaning Weight (Ibs/hd) 50 45
Cull Ewe Selling Weight (Ibs/hd) 150 150
Wool Production (Ibs/ewelyear) 10 10
Flock Performance
Conception Rate 100.0% 100.0%
Lambing Rate 150.0% 100.0%
Lamb Death Loss 10.0% 12.0%
Ewe Death Loss 5.0% 5.5%
Replacement Rate (raised) 20.0% 20.0%
Ewes per Ram 33 30
Feed Use
Lamb:
Lbs of feed/Ib of gain 7 7
Roughage (% of ration) 25 25
Grain (% of ration) 75 75
Ewe: grain  hay grain  hay
First 17 weeks (119 days) (Ibs/ewe/day) 0 4 0 4
Last 4 weeks (28 days) (Ibs/ewe/day) 1 5 1 5
Lactation (56 days) (Ibs/ewe/day) 2 6 1 5
Maintenance/Flushing (161 days) 0 4 0 4
Hay waste (Ib/ewe/day) - 0.25 - 0.35
Mineral (Ibs/ewe) 10 10
Creep (Ibs/ewe) 45
- continued -
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AEEendix Table B1. Continued
Level of Enterprise Proficiency

Characteristics/Coefficients Good Management Poor Management

Feed Prices
Hay (per ton) $50.00 $50.00
Grain (per bu) $2.00 $2.00
Grain (Ibs/bu) 48 48
Pasture (per AUM) no charge no charge
Mineral (per cwt) $12.00 $12.00
Creep (per cwt) $12.00

Livestock Expenses (per ewe)

Bedding $0.45 $0.45
Vet and Medicine $4.00 $2.00
Power and Fuel $1.00 $1.00
Utilities and General Farm Expense $1.00 $1.00
Supplies $3.00 $2.00
Shearing $2.00 $2.00
Marketing Expenses (per hd sold) $1.80 $1.80

Fixed Expenses per year)
Buildings (7% of $500 per year for small flock and 7% of $1000 per year for large flock)
Equipment (13% of $1000 per year for large and small flocks)
Ewes (1 % of $1 00/ewe per year)
Replace Ewes (1 % of $80/head per year)
Rams (33% of $100 per ram for poor mgnt, 33% of $200 per ram for good mgnt)
Fencing (estimated seperately, based on new or modified fence for various-sized pastures)

Land no charge no charge
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Aeeendix Table B2. SheeE Entererise Sizei Over 10 Years of Leaﬁ Seurge Controli Good Entergrise Management

Flock Years of Leafy Spurge Control

Animal Tzees Parameter 1 2 3 4 5 6 7 8 9 10

Large Flock
Ewes in Flock 200 200 200 120 120 120 120 80 80 80
Lambs produced 150% 300 300 300 180 180 180 180 120 120 120
Lambs die before selling 10% 30 30 30 18 18 18 18 12 12 12
Lambs available in fall 270 270 270 162 162 162 162 108 108 108
Ewe death loss 5% 10 10 10 6 6 6 6 4 4 4
Repl. lambs needed 20% 40 40 0 24 24 24 0 16 16 16
Ewes culled and sold * 30 30 70 18 18 18 34 12 12 12
Lambs sold *x 230 230 270 138 138 138 162 92 92 92
Rams need 30 6.7 6.7 6.7 4.0 4.0 4.0 4.0 2.7 2.7 2.7

Small Flock
Ewes in Flock 60 60 60 36 36 36 36 24 24 24
Lambs produced 150% 90 90 90 54 54 54 54 36 36 36
Lambs die before selling 10% 9 9 9 5 5 5 5 4 4 4
Lambs available in fall 81 81 81 49 49 49 49 32 32 32
Ewe death loss 5% 3 3 3 2 2 2 2 1 1 1
Replacement lambs nee 20% 12 12 0 7 7 7 0 5 5 5
Ewes culled and sold * 9 9 21 5 5 5 10 4 4 4
Lambs sold *k 69 69 81 42 42 42 49 27 27 27
Rams needed 30 2 2 2 1 1 1 1 1 1 1

. _________________ _ _________________________________________________________________________________________________________|]
*Replacement lambs less ewe death loss.

**Lambs available less replacement lambs.



Aeeendix Table B3. SheeE Entererise Sizei Over 10 Years of Leaﬁ Seurge Controli Poor Entererise Management

Flock Years of Leafy Spurge Control

Animal Tzees Parameter 1 2 3 4 5 6 7 8 9 10
Large Flock

Ewes in Flock 200 200 200 120 120 120 120 80 80 80
Lambs produced 100% 200 200 200 120 120 120 120 80 80 80
Lambs die before selling 12% 24 24 24 14 14 14 14 10 10 10
Lambs available in fall 176 176 176 106 106 106 106 70 70 70
Ewe death loss 6% 11 11 11 7 7 7 7 4 4 4
Repl. lambs needed 20% 40 40 0 24 24 24 0 16 16 16
Ewes culled and sold * 29 29 69 17 17 17 33 12 12 12
Lambs sold *k 136 136 176 82 82 82 106 54 54 54
Rams needed 6.7 6.7 6.7 4.0 4.0 4.0 4.0 2.7 2.7 2.7
Small Flock

Ewes in Flock 60 60 60 36 36 36 36 24 24 24
Lambs produced 100% 60 60 60 36 36 36 36 24 24 24
Lambs die before selling 12% 7 7 7 4 4 4 4 3 3 3
Lambs available in fall 53 53 53 32 32 32 32 21 21 21
Ewe death loss 6% 3 3 3 2 2 2 2 1 1 1
Repl. lambs needed 20% 12 12 0 7 7 7 0 5 5 5
Ewes culled and sold * 9 9 21 5 5 5 10 4 4 4
Lambs sold *k 41 41 53 25 25 25 32 16 16 16
Rams needed 2 2 2 1 1 1 1 1 1 1

. ________________________________________________________________________________________________________________________________|]
*Replacement lambs less ewe death loss.

**_ambs available less replacement lambs.
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Aggendix Table B4. SheeE Entererise Sizei Over 10 Years of Leaﬁ Seurge Controli Wether Flock

Flock Years of Leafy Spurge Control
Animal Tzees Parameter 1 2 3 4 5 6 7 8 9 10
Large Flock
Wethers in Flock 200 200 200 120 120 120 120 80 80 80
Wethers death loss 5% 10 10 10 6 6 6 6 4 4 4
Replacements needed 12.5% 10 10 0 15 15 15 0 10 10 10
Repl. purchased * 10 10 0 15 15 15 0 10 10 10
Wethers sold 0 0 70 9 9 9 34 6 6 6
Small Flock
Wethers in Flock 60 60 60 36 36 36 36 24 24 24
Wethers death loss 5% 3 3 3 2 2 2 2 1 1 1
Replacements needed 12.5% 3 3 0 5 5 5 0 3 3 3
Repl. purchased * 3 3 0 5 5 5 0 3 3 3
Wethers sold 0 0 21 3 3 3 10 2 2 2

*Replacements needed less death loss
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Aeeendix Table B5. SheeB Entererise Budgets, Years 1 and 2

No Debt With Debt
Small Operations | Large Operations Small Operations | Large Operations Wether Flock
Management Level Management No Debt With Debt
Poor Good Poor  Good Poor Good Poor Good Small Large Small Large
Number of Ewes 60 60 200 200 60 60 200 200 60 200 60 200
Revenues
Lambs Sold 3,229 6,210 10,710 20,700 3,229 6,210 10,710 20,700 0 0 0 0
Cull Ewes 473 473 1523 1,575 473 473 1,523 1,575 0 0 0 0
Shorn Wool 300 300 1,000 1,000 300 300 1,000 1,000 600 2,000 600 2,000
Ram Sales 33 33 100 100 33 33 100 100 0 0 0 0
Total Revenue 4,035 7,016 13,333 23,375 4,035 7,016 13,333 23,375 600 2,000 600 2,000
Variable Expenses
Feed
Hay 1,587 1,732 5,257 5,476 1,587 1,732 5,257 5,476 790 2,633 790 2,633
Grain 1,160 1,877 3,836 4,851 1,160 1,877 3,836 4,851 85 284 85 284
Stubble 48 48 160 161 48 48 160 161 83 276 83 276
Comm Feed 396 72 1,320 240 396 72 1,320 240 72 240 72 240
Total Feed 3,192 3,729 10,574 10,728 3,191 3,729 10,574 10,728 1,030 3,432 1,030 3,432
Livestock
Bedding 30 30 90 90 30 30 90 90 0 0 0 0
Marketing 106 157 316 487 106 157 316 487 15 15 15 15
Vat and Medicine 120 240 400 800 120 240 400 800 0 0 0 0
Power and Fuel 60 60 200 200 60 60 200 200 60 200 60 200
Util and Gen Farm 60 60 200 200 60 60 200 200 60 200 60 200
Supplies 120 180 400 600 120 180 400 600 0 0 0 0
Shearing 120 120 400 400 120 120 400 400 120 400 120 400
Total Livestock 616 847 2,006 2,777 616 847 2,006 2,777 255 815 255 815
Total Variable 3,808 4576 12,579 13,505 3,808 4,576 12,579 13,505 1,285 4,247 1,285 4,247
Fixed Expenses
Depreciation. Repairs, and Insurance
Buildings 35 35 70 70 35 35 70 70 0 0 0 0
Equipment 130 130 130 130 130 130 130 130 65 65 65 65
Ewes 60 60 200 200 60 60 200 200 45 0 45 0
Repl. Ewes 10 10 32 32 10 10 32 32 225 750 225 750
Rams 66 132 198 396 66 132 198 396 0 0 0 0
sub-total 301 367 630 828 301 367 630 828 335 815 335 815
Interest on Debt
Buildings 0 0 0 0 16 16 32 32 0 0 0 0
Equipment 0 0 0 0 32 32 32 32 0 0 16 16
Ewes 0 0 0 0 206 206 688 688 0 0 155 516
Repl. Ewes 0 0 0 0 0 0 0 0 0 0 0 0
Rams 0 0 0 0 7 14 21 41 0 0 0 0
sub-total 0 0 0 0 261 268 772 793 0 0 171 532
Total Fixed 301 367 630 828 562 635 1,402 1,621 335 815 506 1,347
Net Return (74) 2,074 123 9,042 (335) 1,806 (649) 8,250 (1,020) (3,062) (1,190) (3,594)
Per Animal
Gross Revenues 67.24 116.93 66.66 116.88 67.24 116.93 66.66 116.88 10.00 10.00 10.00 10.00
Variable Expenses 63.46 76.26 62.90 67.52 63.46 76.26 62.90 67.52 21.41 21.24 21.41 21.24
Fixed Expenses 5.01 6.11 3.15 4.14 9.36 10.58 7.01 8.10 5.58 4.08 8.43 6.73
Net Returns (1.23) 34.56 0.62 45.21 (5.58) 30.09 (3.25) 41.25 (17.00) (15.31) (19.84) (17.97)

Notes: Net returns represent returns to unpaid labor, management, and equity. Fencing costs were not included in the budgets.
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Aeeendix Table B6. SheeE EnterErise Budgets, Year 3

No Debt With Debt
Small Operations | Large Operations Small Operations | Large Operations Wether Flock
Management Level Management Level No Debt | With Debt
Poor Good Poor Good Poor Good Poor Good Small Large  Small Large
Number of Ewes 60 60 200 200 60 60 200 200 60 200 60 200
Revenues
Lambs Sold 4,174 7,290 13,860 24,300 4,174 7,290 13,860 24,300 0 0 0 0
Cull Ewes 1,103 1,103 3,623 3,675 1,103 1,103 3,623 3,675 473 1,575 473 1,575
Shorn Wool 300 300 1,000 1,000 300 300 1,000 1,000 600 2,000 600 2,000
Ram Sales 50 50 100 100 50 50 100 100 0 0 0 0
Total Revenue 5,626 8,743 18,583 29,075 5,626 8,743 18,583 29,075 1,073 3,575 1,073 3,575
Variable Expenses
Feed
Hay 1,555 1,695 5,152 5,353 1,555 1,695 5,152 5,353 790 2,633 790 2,633
Grain 1,001 1,692 3,310 4,236 1,001 1,692 3,310 4,236 85 284 85 284
Stubble 48 48 160 161 48 48 160 161 83 276 83 276
Comm Feed 396 72 1,320 240 396 72 1,320 240 72 240 72 240
Total Feed 3,000 3,507 9,942 9,989 3,001 3,507 9,942 9,989 1,030 3,432 1,030 3,432
Livestock
Bedding 30 30 90 90 30 30 90 90 0 0 0 0
Marketing 150 200 460 631 150 200 460 631 53 141 53 141
Vet and Medicine 120 240 400 800 120 240 400 800 0 0 0 0
Power and Fuel 60 60 200 200 60 60 200 200 60 200 60 200
Util and Gen Farm 60 60 200 200 60 60 200 200 60 200 60 200
Supplies 120 180 400 600 120 180 400 600 0 0 0 0
Shearing 120 120 400 400 120 120 400 400 120 400 120 400
Total Livestock 660 890 2,150 2,921 660 890 2,150 2,921 293 941 293 941
Total Variable 3,661 4,397 12,092 12,910 3,661 4,397 12,092 12,910 1,323 4,373 1,323 4,373
Fixed Expenses
Depreciation Repairs. and Insurance
Buildings 35 35 70 70 35 35 70 70 0 0 0 0
Equipment 130 130 130 130 130 130 130 130 65 65 65 65
Ewes 60 60 200 200 60 60 200 200 45 150 45 150
Repl. Ewes 0 0 0 0 0 0 0 0 0 0 0 0
Rams 66 132 198 396 66 132 198 396 0 0 0 0
sub-total 291 357 598 796 291 357 598 796 110 215 110 215
Interest on Debt
Buildings 0 0 0 0 16 16 32 32 0 0 0 0
Equipment 0 0 0 0 32 32 32 32 0 0 16 16
Ewes 0 0 0 0 206 206 688 688 0 0 155 516
Repl. Ewes 0 0 0 0 0 0 0 0 0 0 0 0
Rams 0 0 0 0 7 14 21 41 0 0 0 0
sub-total 0 0 0 0 261 268 772 793 0 0 171 532
Value of Inventory Loss 2,400 2,400 8,000 8,000 2,400 2,400 8,000 8,000 1,800 6,000 1,800 6,000
Total Fixed 2,691 2,757 8,598 8,796 2,952 3,025 9,370 9,589 1,910 6,215 2,081 6,747
Net Returns (726) 1,589 (2,107) 7,369 (987) 1,321 (2,880) 6,576 (2,160) (7,013) (2,331) (7,545)
Per Animal
Gross Revenue 93.77 145.71 92.91 145.38 93.77 145.71 9291 145.38 17.88 17.88 17.88 17.88
Variable Expenses 61.01 73.28 60.46 64.55 61.01 73.28 60.46 64.55 22.04 21.87 22.04 21.87
Fixed Expenses 4485 4595 4299 43.98 49.20 50.42 46.85 47.94 31.83 31.08 34.68 33.73
Net Returns (12.09) 26.48 (10.54) 36.85 (16.45) 22.02 (14.40) 32.88 (36.00) (35.07) (38.85) (37.73)

Notes: Net returns represent returns to unpaid labor, management, and equity. Fencing costs were not included in the budgets.

68



AEEendix Table B7. Sheee Entererise Budgets, Years 4 and 5

No Debt With Debt
Small Operations | Large Operations Small Operations | Large Operations Wether Flock
Management Level Management Level No Debt |  With Debt
Poor Good Poor Good Poor Good Poor Good Small Large Small Large
Number of Ewes 36 36 120 120 36 36 120 120 36 120 36 120
Revenues
Lambs Sold 1,969 3,780 6,458 12,420 1,969 3,780 6,458 12,420 0 0 0 0
Cull Ewes 263 263 893 945 263 263 893 945 68 203 68 203
Shorn Wool 180 180 600 600 180 180 600 600 360 1,200 360 1,200
Ram Sales 17 17 67 67 17 17 67 67 0 0 0 0
Total Revenue 2,428 4,239 8,017 14,032 2,428 4,239 8,017 14,032 428 1,403 428 1,403
Variable Expenses
Feed
Hay 944 1,046 3,161 3,519 944 1,046 3,161 3,519 473 1,580 473 1,580
Grain 690 1,197 2,311 4,032 690 1,197 2,311 4,032 51 171 51 171
Stubble 29 29 96 97 29 29 96 97 49 165 49 165
Comm Feed 238 43 792 144 238 43 792 144 43 144 43 144
Total Feed 1,901 2,315 6,360 7,792 1,901 2,315 6,360 7,792 616 2,059 616 2,059
Livestock
Bedding 18 18 60 60 18 18 60 60 0 0 0 0
Marketing 70 100 196 298 70 100 196 298 20 31 20 31
Vet and Medicine 72 144 240 480 72 144 240 480 0 0 0 0
Power and Fuel 36 36 120 120 36 36 120 120 36 120 36 120
Util and Gen Farm 36 36 120 120 36 36 120 120 36 120 36 120
Supplies 72 108 240 360 72 108 240 360 0 0 0 0
Shearing 72 72 240 240 72 72 240 240 72 240 72 240
Total Livestock 376 514 1,216 1,678 376 514 1,216 1,678 164 511 164 511
Total Variable 2,277 2,829 7,575 9,470 2,277 2,829 7,575 9,470 781 2,571 781 2,571
Fixed Expenses
Depreciation, Repairs. and Insurance
Buildings 35 35 70 70 35 35 70 70 0 0 0 0
Equipment 130 130 130 130 130 130 130 130 65 65 65 65
Ewes 36 36 120 120 36 36 120 120 27 90 27 90
Repl. Ewes 6 6 19 19 6 6 19 19 375 1,125 375 1,125
Rams 33 66 132 264 33 66 132 264 0 0 0 0
sub-total 240 273 471 603 240 273 471 603 467 1,280 467 1,280
Interest on Debt
Buildings 0 0 0 0 16 16 32 32 0 0 0 0
Equipment 0 0 0 0 32 32 32 32 0 0 66 16
Ewes 0 0 0 0 0 0 0 0 0 0 0 0
Repl. Ewes 0 0 0 0 0 0 0 0 0 0 0 0
Rams 0 0 0 0 0 0 0 0 0 0 0 0
sub-total 0 0 0 0 48 48 64 64 0 0 66 16
Total Fixed 240 273 471 603 287 320 535 667 467 1,280 533 1,296
Net Returns (88) 1,137 (30) 3,958 (136) 1,089 (94) 3,895 (820) (2,448) (886) (2,464)
Per Animal
Gross Revenue 67.44 117.75 66.81 116.93 67.44 117.75 66.81 116.93 11.88 11.69 11.88 11.69
Variable Expenses 63.24 78.59 63.13 78.92 63.24 78.59 63.13 78.92 21.68 21.42 21.68 21.42
Fixed Expenses 6.66 7.57 3.93 5.03 7.98 8.90 4.46 5.56 12.97 10.67 14.80 10.80
Net Returns (2.46) 31.59 (0.25) 32.99 (3.79) 30.26 (0.78) 32.46 (22.78) (20.40) (24.61) (20.53)

Notes: Net returns represent returns to unpaid labor, management, and equity. Fencing costs were not included in the budgets.
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Aeeendix Table BS8. SheeE EnterErise Budgets, Year 6

No Debt With Debt
Small Operations | Large Operations  Small Operations | Large Operations Wether Flock
Management Level Management Level No Debt | With Debt
Poor Good Poor Good Poor Good Poor Good Small Large  Small Large
Number of Ewes 36 36 120 120 36 36 120 120 36 120 36 120
Revenues
Lambs Sold 1,969 3,780 6,458 12,420 1,969 3,780 6,458 12,420 0 0 0 0
Cull Ewes 263 263 893 945 263 263 893 945 68 203 68 203
Shorn Wool 180 180 600 600 180 180 600 600 360 1,200 360 1,200
Ram Sales 17 17 67 67 17 17 67 67 0 0 0 0
Total Revenue 2,428 4,239 8,017 14,032 2,428 4,239 8,017 14,032 428 1,403 428 1,403
Variable Expenses
Feed
Hay 944 1,046 3,161 3,519 944 1,046 3,161 3,519 473 1,580 473 1,580
Grain 690 1,197 2,311 4,032 690 1,197 2,311 4,032 51 171 51 171
Stubble 29 29 96 97 29 29 96 97 49 165 49 165
Comm Feed 238 43 792 144 238 43 792 144 43 144 43 144
Total Feed 1,901 2,315 6,360 7,792 1,901 2,315 6,360 7,792 616 2,059 616 2,059
Livestock
Bedding 18 18 60 60 18 18 60 60 0 0 0 0
Marketing 70 100 196 298 70 100 196 298 20 31 20 31
Vet and Medicine 72 144 240 480 72 144 240 480 0 0 0 0
Power and Fuel 36 36 120 120 36 36 120 120 36 120 36 120
Util and Gen Farm 36 36 120 120 36 36 120 120 36 120 36 120
Supplies 72 108 240 360 72 108 240 360 0 0 0 0
Shearing 72 72 240 240 72 72 240 240 72 240 72 240
Total Livestock 376 514 1,216 1,678 376 514 1,216 1,678 164 511 164 511
Total Variable 2,277 2,829 7,575 9,470 2,277 2,829 7,575 9,470 781 2,571 781 2,571
Fixed Expenses
Depreciation, Repairs, and Insurance
Buildings 35 35 70 70 35 35 70 70 0 0 0 0
Equipment 130 130 130 130 130 130 130 130 65 65 65 65
Ewes 36 36 120 120 36 36 120 120 27 90 27 90
Repl. Ewes 6 6 19 19 6 6 19 19 375 1,125 375 1,125
Rams 33 66 132 264 33 66 132 264 0 0 0 0
sub-total 240 273 471 603 240 273 471 603 467 1,280 467 1,280
Interest on Debt
Buildings 0 0 0 0 0 0 0 0 0 0 0 0
Equipment 0 0 0 0 0 0 0 0 0 0 0 0
Ewes 0 0 0 0 0 0 0 0 0 0 0 0
Repl. Ewes 0 0 0 0 0 0 0 0 0 0 0 0
Rams 0 0 0 0 0 0 0 0 0 0 0 0
sub-total 0 0 0 0 0 0 0 0 0 0 0 0
Total Fixed 240 273 471 603 240 73 471 603 467 1,2K ---~6-7 1,280
Net Returns (88) 1,137 (30) 3,958 (88) 1,137 (30) 3,958 (820) (2,448) (820) (2,448)
Per Animal
Gross Revenue 67.44 117.75 66.81 116.93 67.44 117.75 66.81 116.93 11.88 11.69 11.88 11.69
Variable Expenses 63.24 7859 63.13 78.92 63.24 7859 63.13 78.92 21.68 21.42 21.68 21.42
Fixed Expenses 6.66 7.57 3.93 5.03 6.66 7.57 3.93 5.03 12.97 10.67 12.97 10.67
Net Returns (2.46) 3159 (0.25) 32.99 (2.46) 30.39) 32.99 (22.78) (20.40) (22218B¥0)

Notes: Net returns represent returns to unpaid labor, management, and equity. Fencing costs were not included in the budgets.
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Aeeendix Table BO. SheeE EnterErise Budgets, Year 7

No Debt With Debt
Small Operations | Large Operations Small Operations | Large Operations Wether Flock
Management Level Management Level No Debt With Debt
Poor Good Poor Good Poor Good Poor Good Small Large Small Large
Number of Ewes 36 36 120 120 36 36 120 120 36 120 36 120
Revenues
Lambs Sold 2,520 4,410 8,348 14,580 2,520 4,410 8,348 14,580 0 0 0 0
Cull Ewes 525 525 1,733 1,785 525 525 1,733 1,785 225 765 225 765
Shorn Wool 180 180 600 600 180 180 600 600 360 1,200 360 1,200
Ram Sales 17 17 75 75 17 17 75 75 0 0 0 0
Total Revenue 3,242 5,132 10,755 17,040 3,242 5132 10,755 17,040 585 1,965 585 1,965
Variable Expenses
Feed
Hay 926 1,025 3,097 3,445 926 1,025 3,097 3,445 473 1,580 473 1,580
Grain 599 1,089 1,995 3,662 599 1,089 1,995 3,662 51 171 51 171
Stubble 29 29 96 97 29 29 96 97 49 165 49 165
Comm Feed 238 43 792 144 238 43 792 144 43 144 43 144
Total Feed 1,791 2,186 5,980 7,347 1,791 2,186 5,980 7,347 616 2,059 616 2,059
Livestock
Bedding 18 18 60 60 18 18 60 60 0 0 0 0
Marketing 91 122 268 371 91 122 268 371 33 76 33 76
Vet and Medicine 72 144 240 480 72 144 240 480 0 0 0 0
Power and Fuel 36 36 120 120 36 36 120 120 36 120 36 120
Util and Gen Farm 36 36 120 120 36 36 120 120 36 120 36 120
Supplies 72 108 240 360 72 108 240 360 0 0 0 0
Shearing 72 72 240 240 72 72 240 240 72 240 72 240
Total Livestock 397 536 1,288 1,751 397 536 1,288 1,751 177 556 177 556
Total Variable 2,188 2,722 7,268 9,098 2,188 2,722 7,268 9,098 793 2,616 793 2,616
Fixed Expenses
Depreciation Repairs. and Insurance
Buildings 35 35 70 70 35 35 70 70 0 0 0 0
Equipment 130 130 130 130 130 130 130 130 65 65 65 65
Ewes 36 36 120 120 36 36 120 120 27 90 27 90
Repl. Ewes 0 0 0 0 0 0 0 0 0 0 0 0
Rams 33 66 132 264 33 66 132 264 0 0 0 0
sub-total 234 267 452 584 234 267 452 584 92 155 92 155
Interest on Debt:
Buildings 0 0 0 0 0 0 0 0 0 0 0 0
Equipment 0 0 0 0 0 0 0 0 0 0 0 0
Ewes 0 0 0 0 0 0 0 0 0 0 0 0
Repl. Ewes 0 0 0 0 0 0 0 0 0 0 0 0
Rams 0 0 0 0 0 0 0 0 0 0 0 0
sub-total 0 0 0 0 0 0 0 0 0 0 0 0
Value of Inventory Loss 1,200 1,200 4,000 4,000 1,200 1,200 4,000 4,000 900 3,000 900 3,000
Total Fixed 1,434 1,467 4,452 4,584 1,434 1,467 4,452 4,584 992 3,155 992 3,155
Net Returns (380) 942 (965) 3,358 (380) 942 (965) 3,358 (1,200) (3,806) (1,200) (3,806)
Per Animal
Gross Revenue 90.04 142.54 89.63 142.00 90.04 142.54 89.63 142.00 16.25 16.38 16.25 16.38
Variable Expenses 60.78 75.61 60.57 75.81 60.78 75.61 60.57 75.81 22.03 21.80 22.03 21.80
Fixed Expenses 39.83 40.75 37.10 38.20 39.83 40.75 37.10 38.20 27.56 26.29 2756  26.29
Net Returns (10.57) 26.18 (8.04) 27.99 (10.57) 26.18 (8.04) 27.99 (33.34) (31.71) (33.34) (31.71)

Notes: Net returns represent returns to unpaid labor, management, and equity. Fencing costs were not included in the budgets.
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AEEendix Table B10. SheeE Entererise Budgets, Years 8 Through 10

No Debt | With Debt
Small Operations | Large Operations Small Operations | Large Operations Wether-Flock
Management Level Management Level No Debt With Debt
Poor Good Poor  Good Poor Good Poor  Good Small Large  Small Large
Number of Ewes 24 24 80 80 24 24 80 80 24 80 24 80
Revenues
Lambs Sold 1,260 2,430 4,253 8,280 1,260 2,430 4,253 8,280 0 0 0 0
Cull Ewes 210 210 630 630 210 210 630 630 45 135 45 135
Shorn Wool 120 120 400 400 120 120 400 400 240 800 240 800
Ram Sales 17 17 50 50 17 17 50 50 0 0 0 0
Total Revenue 1,607 2,777 5,333 9,360 1,607 2,777 5,333 9,360 285 935 285 935
Variable Expenses
Feed
Hay 643 713 2,123 2,356 643 713 2,123 2,356 317 1,053 317 1,053
Grain 470 820 1,544 2,699 470 820 1,544 2,699 34 114 34 114
Stubble 20 20 65 65 20 20 65 65 33 110 33 110
Comm Feed 158 29 528 96 158 29 528 96 29 96 29 96
Total Feed 1,290 1,581 4,260 5,216 1,290 1,581 4,260 5,216 414 1,373 414 1,373
Livestock
Bedding 12 12 36 36 12 12 36 36 0 0 0 0
Marketing 52 71 136 204 52 71 136 204 19 26 19 26
Vet and Medicine 48 96 160 320 48 96 160 320 0 0 0 0
Power and Fuel 24 24 80 80 24 24 80 80 24 80 24 80
Util and Gen Farm 24 24 80 80 24 24 80 80 24 80 24 80
Supplies 48 72 160 240 48 72 160 240 0 0 0 0
Shearing 48 48 160 160 48 48 160 160 48 160 48 160
Total Livestock 256 347 812 1,120 256 347 812 1,120 115 346 115 346
Total Variable 1,546 1,928 5,072 6,336 1,546 1,928 5,072 6,336 528 1,719 528 1,719
Fixed Expenses
Depreciation. Repairs and Insurance
Buildings 35 35 70 70 35 35 70 70 0 0 0 0
Equipment 130 130 130 130 130 130 130 130 65 65 65 65
Ewes 24 24 80 80 24 24 80 80 18 60 18 60
Repl. Ewes 4 4 13 13 4 4 13 13 225 750 225 750
Rams 33 66 99 198 33 66 99 198 0 0 0 0
sub-total 226 259 392 491 226 259 392 491 308 875 308 875
Interest on Debt
Buildings 0 0 0 0 0 0 0 0 0 0 0 0
Equipment 0 0 0 0 0 0 0 0 0 0 0 0
Ewes 0 0 0 0 0 0 0 0 0 0 0 0
Repl. Ewes 0 0 0 0 0 0 0 0 0 0 0 0
Rams 0 0 0 0 0 0 0 0 0 0 0 0
sub-total 0 0 0 0 0 0 0 0 0 0 0 0
Total Fixed 226 259 392 491 226 259 392 491 308 875 308 875
Net Returns (166) 589 (131) 2,534 (166) 589 (131) 2,534 (551) (1,659) (551) (1,659)
Per Animal
Gross Revenue 66.94 115.69 66.66 117.00 66.94 115.69 66.66 117.00 11.88 11.69 11.88 11.69
Variable Expenses 64.42 80.35 63.40 79.19 64.42 80.35 63.40 79.19 22.01 21.48 22.01 21.48
Fixed Expenses 9.42 10.79 4.90 6.14 9.42 10.79 4.90 6.14 12.83 10.94 12.83 10.94
Net Returns (6.90) 24.54 (1.64) 31.67 (6.90) 24.54 (1.64) 31.67 (22.96) (20.73) (22.96) (20.73)

Notes: Net returns represent returns to unpaid labor, management, and equity. Fencing costs were not included in the budgets.
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Appendix Table B11. Budgets, Small Flock, No Debt, Good Management Flock, Years 1 Through 10
Years of Leafy Spurge Control

1 2 3 4 5 6 7 8 9 10
Revenues
Lambs Sold 6,210 6,210 7,290 3,780 3,780 3,780 4,410 2,430 2,430 2,430
Cull Ewes 473 473 1,103 263 263 263 525 210 210 210
Shorn Wool 300 300 300 180 180 180 180 120 120 120
Ram Sales 33 33 50 17 17 17 17 17 17 17
Total 7,016 7,016 8,743 4,239 4,239 4,39 5,132 2,777 2,777 2,777
Variable Expenses
Feed
Hay 1,732 1,732 1,695 1,046 1,046 1,046 1,025 713 713 713
Grain 1,877 1,877 1,692 1,197 1,197 1,197 1,089 820 820 820
Stubble 48 48 48 29 29 29 29 20 20 20
Comm Feed 72 72 72 43 43 43 43 29 29 29
Total Feed 3,729 3,729 3,507 2,315 2,315 2,315 2,186 1,581 1,581 1,581

Livestock
Bedding 30 30 30 18 18 18 18 12 12 12
Marketing 157 157 200 100 100 100 122 71 71 71
Vet and Medicine 240 240 240 144 144 144 144 96 96 96
Power and Fuel 60 60 60 36 36 36 36 24 24 24
Util and Gen Farm 60 60 60 36 36 36 36 24 24 24
Supplies 180 180 180 108 108 108 108 72 72 72
Shearing 120 120 120 72 72 72 72 48 48 48

Total Livestock 847 847 890 514 514 514 536 347 347 347

Total Variable 4,576 4,576 4,397 2,829 2,829 2,829 2,722 1,928 1,928 1,928

Fixed Expenses
Depreciation, Repairs, and Insurance

Buildings 35 35 35 35 35 35 35 35 35 35
Equipment 130 130 130 130 130 130 130 130 130 130
Ewes 60 60 60 36 36 36 36 24 24 24
Repl. Ewes 10 10 0 6 6 6 0 4 4 4
Rams 132 132 132 66 66 66 66 66 66 66
sub-total 367 367 357 273 273 273 267 259 259 259
Interest on Debt
Buildings 0 0 0 0 0 0 0 0 0 0
Equipment 0 0 0 0 0 0 0 0 0 0
Ewes 0 0 0 0 0 0 0 0 0 0
Repl. Ewes 0 0 0 0 0 0 0 0 0 0
Rams 0 0 0 0 0 0 0 0 0 0
sub-total 0 0 0 0 0 0 0 0 0 0
Value of Inventory Loss 2,400 1,200
Total Fixed 367 367 2,757 273 273 273 1,467 259 259 259
Net Returns
Flock 2,074 2,074 1,589 1,137 1,137 1,137 942 589 589 589
Per Ewe $34.56 $34.56 $26.48 $31.59 $31.59 $31.59 $26.18 $24.54 $24.54 $24.54
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Appendix Table B12. Budgets, Small Flock, With Debt, Good Management, Years 1 Through 10

Years of Leafy Spurge Control

1 2 3 4 5 6 7 8 9 10
Revenues
Lambs Sold 6,210 6,210 7,290 3,780 3,780 3,780 4,410 2,430 2,430 2,430
Cull Ewes 473 473 1,103 263 263 263 525 210 210 210
Shorn Wool 300 300 300 180 180 180 180 120 120 120
Ram Sales 33 33 50 17 17 17 17 17 17 17
Total 7,016 7,016 8,743 4,239 4,239 4,239 5,132 2,777 2,777 2,777
Variable Expenses
Feed
Hay 1,732 1,732 1,695 1,046 1,046 1,046 1,025 713 713 713
Grain 1,877 1,877 1,692 1,197 1,197 1,197 1,089 820 820 820
Stubble 48 48 48 29 29 29 29 20 20 20
Comm Feed 72 72 72 43 43 43 43 29 29 29
Total Feed 3,729 3,729 3,507 2,315 2,315 2,315 2,1-8-6 _f, 58-1 1,581 1,581
Livestock
Bedding 30 30 30 18 18 18 18 12 12 12
Marketing 157 157 200 100 100 100 122 71 71 71
Vet and Medicine 240 240 240 144 144 144 144 96 96 96
Power and Fuel 60 60 60 36 36 36 36 24 24 24
Util and Gen Farm 60 60 60 36 36 36 36 24 24 24
Supplies 180 180 180 108 108 108 108 72 72 72
Shearing 120 120 120 72 72 72 72 48 48 48
Total Livestock 847 847 890 514 514 514 536 347 347 347
Total Variable 4,576 4,576 4397 2K 9 2,829 2,829 2,722 1,928 1,928 1,928
Fixed Expenses
Depreciation, Repairs. and Insurance
Buildings 35 35 35 35 35 35 35 35 35 35
Equipment 130 130 130 130 130 130 130 130 130 130
Ewes 60 60 60 36 36 36 36 24 24 24
Repl. Ewes 10 10 0 6 6 6 0 4 4 4
Rams 132 132 132 66 66 66 66 66 66 66
sub-total 367 367 357 273 273 273 M7 259 259 259
Interest on Debt
Buildings 16 16 16 16 16 0 0 0 0 0
Equipment 32 32 32 32 32 0 0 0 0 0
Ewes 206 206 206 0 0 0 0 0 0 0
Repl. Ewes 0 0 0 0 0 0 0 0 0 0
Rams 14 14 14 0 0 0 0 0 0 0
sub-total 268 268 268 48 48 0 0 0 0 0
Value of Inventory Loss 2,400 1,200
Total Fixed 635 635 3,025 320 320 273 1467 259 259 259
Net Returns
Flock 1,806 1,806 1,321 1,089 1,089 1,137 942 589 589 589
Per Ewe $30.09 $30.09 $22.02 $30.26 $30.26 $31.59 $26.18 $2454 $24.54 $24.54
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Appendix Table B13. Budgets, Small Flock, No Debt, Poor Management, Years | Through 10
Years of Leafy Spurge Control

1 2 3 4 5 6 7 8 9 10
Revenues
Lambs Sold 3,229 3,229 4,174 1,969 1,969 1,969 2,520 1,260 1,260 1,260
Cull Ewes 473 473 1,103 263 263 263 525 210 210 210
Shorn Wool 300 300 300 180 180 180 180 120 120 120
Ram Sales 33 33 50 17 17 17 17 17 17 17
Total 4,035 4,035 5,626 2,428 2,428 2,428 3,242 1,607 1,607 1,607
Variable Expenses
Feed
Hay 1,587 1,587 1,555 944 944 944 926 643 643 643
Grain 1,160 1,160 1,001 690 690 690 599 470 470 470
Stubble 48 48 48 29 29 29 29 20 20 20
Comm Feed 396 396 396 238 238 238 238 158 158 158
Total Feed 3,192 3,192 3,001 1,901 1,901 1,901 1,791 1,290 1,290 1,290

Livestock
Bedding 30 30 30 18 18 18 18 12 12 12
Marketing 106 106 150 70 70 70 91 52 52 52
Vet and Medicine 120 120 120 72 72 72 72 48 48 48
Power and Fuel 60 60 60 36 36 36 36 24 24 24
Util and Gen Farm 60 60 60 36 36 36 36 24 24 24
Supplies 120 120 120 72 72 72 72 48 48 48
Shearing 120 120 120 72 72 72 72 48 48 48

Total Livestock 616 616 660 376 376 376 397 256 256 256

Total Variable 3,808 3,808 3,661 2,277 2,277 2,277 2,188 1,546 1,546 1,546

Fixed Expenses
Depreciation. Repairs. and Insurance

Buildings 35 35 35 35 35 35 35 35 35 35
Equipment 130 130 130 130 130 130 130 130 130 130
Ewes 60 60 60 36 36 36 36 24 24 24
Repl. Ewes 10 10 0 6 6 6 0 4 4 4
Rams 66 66 66 33 33 33 33 33 33 33

sub-total 301 301 291 240 240 240 234 226 226 226

Interest on Debt

Buildings 0 0 0 0 0 0 0 0 0 0
Equipment 0 0 0 0 0 0 0 0 0 0
Ewes 0 0 0 0 0 0 0 0 0 0
Repl. Ewes 0 0 0 0 0 0 0 0 0 0
Rams 0 0 0 0 0 0 0 0 0 0
sub-total 0 0 0 0 0 0 0 0 0 0
Value of Inventory Loss 2,400 1,200
Total Fixed 301 301 2,691 240 240 240 1,434 226 226 226
Net Return
Flock (74) (74) (726) (88) (88) (88) (380) (166) (166) (166)
Per Ewe ($1.23) ($1.23) ($12.09) ($2.46) ($2.46) ($2.46) ($10.57) (%$6.90) ($6.90) ($6.90)
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Appendix Table B14. Budg ts, Small Flock, With Debt, Poor Management, Years 1 Through 10
Years of Leafy Spurge Control

1 2 3 4 5 6 7 8 9 10
Revenues
Lambs Sold 3,229 3,229 4,174 1,969 1,969 1,969 2,520 1,260 1,260 1,260
Cull Ewes 473 473 1,103 263 263 263 525 210 210 210
Shorn Wool 300 300 300 180 180 180 180 120 120 120
Ram Sales 33 33 50 17 17 17 17 17 17 17
Total 4,035 4,035 5,626 2,428 2,428 2,428 3,242 1,607 1,607 1,607
Variable Expenses
Feed
Hay 1,587 1,587 1,555 944 944 944 926 643 643 643
Grain 1,160 1,160 1,001 690 690 690 599 470 470 470
Stubble 48 48 48 29 29 29 29 20 20 20
Comm Feed 396 396 396 238 238 238 238 158 158 158
Total Feed 3,191 3,191 3,001 1,901 1,901 1,901- 1,791-1,290 1,290 1,290

Livestock
Bedding 30 30 30 18 18 18 18 12 12 12
Marketing 106 106 150 70 70 70 91 52 52 52
Vet and Medicine 120 120 120 72 72 72 72 48 48 48
Power and Fuel 60 60 60 36 36 36 36 24 24 24
Util and Gen Farm 60 60 60 36 36 36 36 24 24 24
Supplies 120 120 120 72 72 72 72 48 48 48
Shearing 120 120 120 72 72 72 72 48 48 48

Total Livestock 616 616 660 376 376 376 397 256 256 256

Total Variable 3,808 3,808 3,661 2,277 2,277 2,277 2,188 1,546 1,546 1,546

Fixed Expenses
Depreciation. Repairs. and Insurance

Buildings 35 35 35 35 35 35 35 35 35 35
Equipment 130 130 130 130 130 130 130 130 130 130
Ewes 60 60 60 36 36 36 36 24 24 24
Repl. Ewes 10 10 0 6 6 6 0 4 4 4
Rams 66 66 66 33 33 33 33 33 33 33

sub-total 301 301 291 240 240 240 234 226 226 226

Interest on Debt

Buildings 16 16 16 16 16 0 0 0 0 0
Equipment 32 32 32 32 32 0 0 0 0 0
Ewes 206 206 206 0 0 0 0 0 0 0
Repl. Ewes 0 0 0 0 0 0 0 0 0 0
Rams 7 7 7 0 0 0 0 0 0 0
sub-total 261 261 261 48 48 0 0 0 0 0
Value of Inventory Loss 2,400 1,200
Total Fixed 562 562 2,952 287 287 240 1,434 226 226 226
Net Returns
Flock (335) (335) (987) (136) (136) (88) (380) (166) (166) (166)
Per Ewe S$5.58= S$5.58= S$16.45= $$3.79= $$3.79= S$2.46= $$10.57= S$6.902 S$6.902 =$6.90=
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Appendix Table B15. Budgets, Large Flock, No Debt, Good Management Flock, Years 1 Through 10
Years of Leafy Spurge Control

1 2 3 4 5 6 7 8 9 10
Revenues
Lambs Sold 20,700 20,700 24,300 12,420 12,420 12,420 14,580 8,280 8,280 8,280
Cull Ewes 1,575 1,575 3,675 945 945 945 1,785 630 630 630
Shorn Wool 1,000 1,000 1,000 600 600 600 600 400 400 400
Ram Sales 100 100 100 67 67 67 75 50 50 50
Total 23,375 23,375 29,075 14,032 14,032 14,032 17,040 9,360 9,360 9,360
Variable Expenses
Feed
Hay 5,476 5,476 5,353 3,519 3,519 3,519 3,445 2,356 2,356 2,356
Grain 4,851 4,851 4,236 4,032 4,032 4,032 3,662 2,699 2,699 2,699
Stubble 161 161 161 97 97 97 97 65 65 65
Comm Feed 240 240 240 144 144 144 144 96 96 96
Total Feed 10,728 10,728 9,989 7,792 7,792 7,792 7,347 5,216 5,216 5,216
Livestock
Bedding 90 90 90 60 60 60 60 36 36 36
Marketing 487 487 631 298 298 298 371 204 204 204
Vet and Medicine 800 800 800 480 480 480 480 320 320 320
Power and Fuel 200 200 200 120 120 120 120 80 80 80
Util and Gen Farm 200 200 200 120 120 120 120 80 80 80
Supplies 600 600 600 360 360 360 360 240 240 240
Shearing 400 400 400 240 240 240 240 160 160 160
Total Livestock 2,777 2,777 2,921 1,678 1,678 1,678 1,751 1,120 1,120 1,120

Total Variable 13,505 13,505 12,910 9,470 9,470 9,470 9,098 6,336 6,336 6,336

Fixed Expenses
Depreciation- Repairs, and Insurance

Buildings 70 70 70 70 70 70 70 70 70 70
Equipment 130 130 130 130 130 130 130 130 130 130
Ewes 200 200 200 120 120 120 120 80 80 80
Repl. Ewes 32 32 0 19 19 19 0 13 13 13
Rams 396 396 396 264 264 264 264 198 198 198

sub-total 828 828 796 603 603 603 584 491 491 491

Interest on Debt

Buildings 0 0 0 0 0 0 0 0 0 0
Equipment 0 0 0 0 0 0 0 0 0 0
Ewes 0 0 0 0 0 0 0 0 0 0
Repl. Ewes 0 0 0 0 0 0 0 0 0 0
Rams 0 0 0 0 0 0 0 0 0 0
sub-total 0 0 0 0 0 0 0 0 0 0
Value of Inventory Loss 8,000 4,000
Total Fixed 828 828 8,796 603 603 603 4,584 491 491 491
Net Returns
Flock $9,042 $9,042 $7,369 $3,958 $3,958 $3,958 $3,358 $2,534 $2,534 $2,534
Per Ewe $45.21 $45.21 $36.85 $32.99 $32.99 $32.99 $27.99 $31.67 $31.67 $31.67
|
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Appendix Table B16. Budgets, Large Flock, With Debt, Good Management, Years 1 Through 10
Years of Leafy Spurge Control

1 2 3 4 5 6 7 8 9 10
Revenues
Lambs Sold 20,700 20,700 24,300 12,420 12,420 12,420 14,580 8,280 8,280 8,280
Cull Ewes 1,575 1,575 3,675 945 945 945 1,785 630 630 630
Shorn Wool 1,000 1,000 1,000 600 600 600 600 400 400 400
Ram Sales 100 100 100 67 67 67 75 50 50 50
Total 23,375 23,375 29,075 14,032 14,032 14,032 17,040 9,360 9,360 9,360
Variable Expenses
Feed
Hay 5,476 5,476 5,353 3,519 3,519 3,519 3,445 2,356 2,356 2,356
Grain 4,851 4,851 4,236 4,032 4,032 4,032 3,662 2,699 2,699 2,699
Stubble 161 161 161 97 97 97 97 65 65 65
Comm Feed 240 240 240 144 144 144 144 96 96 96
Total Feed 10,728 10,728 9,989 7,792 7,792 7,792 7,347 5,216 5,216 5,216

Livestock
Bedding 90 90 90 60 60 60 60 36 36 36
Marketing 487 487 631 298 298 298 371 204 204 204
Vet and Medicine 800 800 800 480 480 480 480 320 320 320
Power and Fuel 200 200 200 120 120 120 120 80 80 80
Util and Gen Farm 200 200 200 120 120 120 120 80 80 80
Supplies 600 600 600 360 360 360 360 240 240 240
Shearing 400 400 400 240 240 240 240 160 160 160

Total Livestock 2,777 2,777 2,921 1,678 1,678 1,678 1,751 1,120 1,120 1,120

Total Variable 13,505 13,505 12,910 9,470 9,470 9,470 9,098 6,336 6,336 6,336

Fixed Expense
Depreciation. Repairs. and Insurance

Buildings 70 70 70 70 70 70 70 70 70 70
Equipment 130 130 130 130 130 130 130 130 130 130
Ewes 200 200 200 120 120 120 120 80 80 80
Repl. Ewes 32 32 0 19 19 19 0 13 13 13
Rams 396 396 396 264 264 264 264 198 198 198

sub-total 828 828 796 603 603 603 584 491 491 491
Interest on Debt

Buildings 32 32 32 32 32 0 0 0 0 0
Equipment 32 32 32 32 32 0 0 0 0 0
Ewes 688 688 688 0 0 0 0 0 0 0
Repl. Ewes 0 0 0 0 0 0 0 0 0 0
Rams 41 41 41 0 0 0 0 0 0 0
sub-total 793 793 793 64 64 0 0 0 0 0
Value of Inventory Loss 8,000 4,000
Total Fixed 1,621 1,621 9,589 667 667 603 4,584 491 491 491
Net Returns
Flock $8,250 $8,250 $6,576 $3,895 $3,895 $3,958 $3,358 $2,534 $2,534 $2,534
Per Ewe $41.25 $41.25 $32.88 $32.46 $32.46 $32.99 $27.99 $31.67 $31.67 $31.67
|
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Appendix Table B17. Budgets, Large Flock, No Debt, Poor Management, Years 1 Through 10
Years of Leafy Spurge Control

1 2 3 4 5 6 7 8 9 10
Revenues
Lambs Sold 10,710 10,710 13,860 6,458 6,458 6,458 8,348 4,253 4,253 4,253
Cull Ewes 1,523 1,523 3,623 893 893 893 1,733 630 630 630
Shorn Wool 1,000 1,000 1,000 600 600 600 600 400 400 400
Ram Sales 100 100 100 67 67 67 75 50 50 50
Total 13,333 13,333 18,583 8,017 8,017 8,017 10,755 -5,333 5,333 5,333
Variable Expenses
Feed
Hay 5,257 5,257 5,152 3,161 3,161 3,161 3,097 2,123 2,123 2,123
Grain 3,836 3,836 3,310 2,311 2,311 2,311 1,995 1,544 1,544 1,544
Stubble 160 160 160 96 96 96 96 65 65 65
Comm Feed 1,320 1,320 1,320 792 792 792 792 528 528 528
Total Feed 10,574 10,574 9,942 6,360 6,360 6,360 5,980 4,260 4,260 4,260
Livestock
Bedding 90 90 90 60 60 60 60 36 36 36
Marketing 316 316 460 196 196 196 268 136 136 136
Vet and Medicine 400 400 400 240 240 240 240 160 160 160
Power and Fuel 200 200 200 120 120 120 120 80 80 80
Util and Gen Farm 200 200 200 120 120 120 120 80 80 80
Supplies 400 400 400 240 240 240 240 160 160 160
Shearing 400 400 400 240 240 240 240 160 160 160
Total Livestock 2,006 2,006 2,150 1,216 1,216 1,216 1,288 812 812 812

Total Variable 12,579 12,579 12,092 7,575 7,575 7,575 7,268 5,072 5,072 5,072

Fixed Expenses
Depreciation, Repairs, and Insurance

Buildings 70 70 70 70 70 70 70 70 70 70
Equipment 130 130 130 130 130 130 130 130 130 130
Ewes 200 200 200 120 120 120 120 80 80 80
Repl. Ewes 32 32 0 19 19 19 0 13 13 13
Rams 198 198 198 132 132 132 132 99 99 99
sub-total 630 630 598 471 471 471 452 392 392 392
Interest on Debt
Buildings 0 0 0 0 0 0 0 0 0 0
Equipment 0 0 0 0 0 0 0 0 0 0
Ewes 0 0 0 0 0 0 0 0 0 0
Repl. Ewes 0 0 0 0 0 0 0 0 0 0
Rams 0 0 0 0 0 0 0 0 0 0
sub-total 0 0 0 0 0 0 0 0 0 0
Value of Inventory Loss 8,000 4,000
Total Fixed 630 630 8,598 471 471 471 4,452 392 392 392
Net Returns
Flock $123 $123 ($2,107) ($30) ($30) ($30) ($965) ($131) ($131) ($131)
Per Ewe $0.62 $0.62 £$10.54= $$0.25= $$0.25= $$0.25= S$8.04= S$1.64= $$1.64= 5$1.642
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Appendix Table B18. Budgets, Large Flock, With Debt, Poor Management, Years 1 Through 10
Years of Leafy Spurge Control

1 2 3 4 5 6 7 8 9 10
Revenues
Lambs Sold 10,710 10,710 13,860 6,458 6,458 6,458 8,348 4,253 4,253 4,253
Cull Ewes 1,523 1,523 3,623 893 893 893 1,733 630 630 630
Shorn Wool 1,000 1,000 1,000 600 600 600 600 400 400 400
Ram Sales 100 100 100 67 67 67 75 50 50 50
Total 13,333 13,333 18,583 8,017 8,017 8,017 10,755 5,333 5,333 5,333
Variable Expenses
Feed
Hay 5,257 5,257 5,152 3,161 3,161 3,161 3,097 2,123 2,123 2,123
Grain 3,836 3,836 3,310 2,311 2,311 2,311 1,995 1,544 1,544 1,544
Stubble 160 160 160 96 96 96 96 65 65 65
Comm Feed 1,320 1,320 1,320 792 792 792 792 528 528 528
Total Feed 10,574 10,574 9,942 6,360 6,360 6,360 5,980 4,260 4,260 4,260
Livestock
Bedding 90 90 90 60 60 60 60 36 36 36
Marketing 316 316 460 196 196 196 268 136 136 136
Vet and Medicine 400 400 400 240 240 240 240 160 160 160
Power and Fuel 200 200 200 120 120 120 120 80 80 80
Util and Gen Farm 200 200 200 120 120 120 120 80 80 80
Supplies 400 400 400 240 240 240 240 160 160 160
Shearing 400 400 400 240 240 240 240 160 160 160
Total Livestock 2,006 2,006 2,150 1,216 1,216 1,216 1,288 812 812 812

Total Variable 12,579 12,579 12,092 7,575 7,575 7,575 7,268 5,072 5,072 5,072

Fixed Expenses
Depreciation. Repairs, and Insurance

Buildings 70 70 70 70 70 70 70 70 70 70
Equipment 130 130 130 130 130 130 130 130 130 130
Ewes 200 200 200 120 120 120 120 80 80 80
Repl. Ewes 32 32 0 19 19 19 0 13 13 13
Rams 198 198 198 132 132 132 132 99 99 99

sub-total 630 630 598 471 471 471 452 392 392 392

Interest on Debt

Buildings 32 32 32 32 32 0 0 0 0 0
Equipment 32 32 32 32 32 0 0 0 0 0
Ewes 688 688 688 0 0 0 0 0 0 0
Repl. Ewes 0 0 0 0 0 0 0 0 0 0
Rams 21 21 21 0 0 0 0 0 0 0
sub-total 772 772 772 64 64 0 0 0 0 0

Value of Inventory Loss 8,000 4,000
Total Fixed 1,402 1,402 9,370 535 535 471 4,452 392 392 392

Net Returns

Flock ($649) ($649) ($2,880) ($94) ($94) ($30) ($965) ($131) ($131) ($131)
Per Ewe =$3.25= $$3.25= S$14.402 £$0.782 £$0.782 £$0.252 S$8.04= £$1.642 £$1.642 £$1.642
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APPENDIX C

Fencing Expenses




Fencing costs were based on the overall sze of the pasture containing the leafy spurge infestation(s). Thus, if
100 acres of leafy spurge were located in a 250-acre pasture, fencing costs would be estimated based on the 250-acre

pasture.

Fencing costs were estimated independently from the sheep enterprise budgets. Estimating fencing costs
separate from the enterprise budgets alowed flexibility to assign the proper fencing charge based on grazing Strategy,
infestation Size, pasture Size, debt, and new or modified fence.

Fencing costs for sheep leasing were estimated the same as if the sheep enterprise was owned. Debt and no
debt scenarios, for fence expenses, were dlowed with sheep leasing.

In a rotationd grazing system, ranchers were assumed to dready be in a rotational system when modifying
exiging fence. Thus, two barb wires were added to perimeter and internal fences. Interna fence dimensions were
assumed to equivaent to the width (of a square areq) of the overdl pasture. In new fence scenarios, a five-wire interna
fence was assumed to be constructed under rotationd grazing.

In seasond grazing strategies, new fence expenses were based on a perimeter fence of six barb wires. Two
rows of barb wire were added to an existing fence. Modified fence expenses assumed no materias other than wire
were required in either the seasond or rotationd grazing scenarios.

Unit costs for fencing materials were based on retail prices in Hettinger in August, 1998. The following unit
costs were used:
Corners 3---8x6" posts @ $8 each
2---6'x3" posts @ $4 each
$2 per corner for miscellaneous expenses

Wire $32 per 1,320 feet of barb wire
1 percent of wire expense added for fastening, tying, etc.

LinePosts  $2 per line post, placed every 20 feet

L abor Labor expense in building new or modifying exiging fence was not included in
fence expenses.
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Appendix Table C1. Approximate Material Requirements
for New Barb Wire Fence, Seasonal Grazing
Fencing Requirements

Pasture Total Posts
Size Perimeter Wire Corner Line
acres feet feet
1 835 5,059 20 42
5 1,867 11,313 20 93
10 2,640 15,998 20 132
20 3,734 22,625 20 187
30 4,573 27,710 20 229
50 5,903 35,774 20 295
75 7,230 43,813 20 361
100 8,348 50,591 20 417
125 9,334 56,563 20 467
150 10,225 61,962 20 511
175 11,044 66,926 20 552
200 11,806 71,547 20 590
225 12,523 75,887 20 626
250 13,200 79,992 20 660
275 13,844 83,896 20 692
300 14,460 87,627 20 723
325 15,050 91,205 20 753
350 15,618 94,648 20 781
375 16,167 97,970 20 808
400 16,697 101,183 20 835
425 17,211 104,297 20 861
450 17,710 107,321 20 885
475 18,195 110,261 20 910
500 18,668 113,126 20 933
525 19,129 115,919 20 956
550 19,579 118,647 20 979
575 20,019 121,314 20 1,001
600 20,449 123,923 20 1,022
625 20,871 126,478 20 1,044
650 21,284 128,983 20 1,064

Notes: Wire requirements based on six barb wires. One
percent additional wire for tying and fastening. Five wood
posts per corner. Line posts every 20 feet.
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Appendix Table C2. Approximate Material Requirements
for Modified Barb Wire Fence, Seasonal Grazing

Pasture Total Fencing Requirements
Size Perimeter Wire Posts
acres feet feet

1 835 1,670 0

5 1,867 3,734 0
10 2,640 5,280 0
20 3,734 7,467 0
30 4,573 9,145 0
50 5,903 11,806 0
75 7,230 14,460 0
100 8,348 16,697 0
125 9,334 18,668 0
150 10,225 20,449 0
175 11,044 22,088 0
200 11,806 23,613 0
225 12,523 25,045 0
250 13,200 26,400 0
275 13,844 27,689 0
300 14,460 28,920 0
325 15,050 30,101 0
350 15,618 31,237 0
375 16,167 32,333 0
400 16,697 33,394 0
425 17,211 34,421 0
450 17,710 35,419 0
475 18,195 36,390 0
500 18,668 37,335 0
525 19,129 38,257 0
550 19,579 39,158 0
575 20,019 40,038 0
600 20,449 40,899 0
625 20,871 41,742 0
650 21,284 42,569 0

Notes: Wire requirements based on adding two barb
wires. No additional posts required. Existing fencing was
assumed to be either a three- or four-wire fence.



Appendix Table C3. Approximate Material Requirements
for New Barb Wire Fence, Rotational Grazing

EFencing Requirements

Pasture Total Posts
Size Perimeter Wire Corner Line
acres feet feet

1 835 6,103 24 52

5 1,867 13,646 24 117
10 2,640 19,298 24 165
20 3,734 27,292 24 233
30 4573 33,426 24 286
50 5,903 43,153 24 369
75 7,230 52,851 24 452
100 8,348 61,027 24 522
125 9,334 68,230 24 583
150 10,225 74,742 24 639
175 11,044 80,731 24 690
200 11,806 86,305 24 738
225 12,523 91,540 24 783
250 13,200 96,492 24 825
275 13,844 101,202 24 865
300 14,460 105,702 24 904
325 15,050 110,018 24 941
350 15,618 114,171 24 976
375 16,167 118,178 24 1,010
400 16,697 122,054 24 1,044
425 17,211 125,810 24 1,076
450 17,710 129,458 24 1,107
475 18,195 133,005 24 1,137
500 18,668 136,460 24 1,167
525 19,129 139,830 24 1,196
550 19,579 143,121 24 1,224
575 20,019 146,337 24 1,251
600 20,449 149,485 24 1,278
625 20,871 152,567 24 1,304
650 21,284 155,589 24 1,330

Notes: Wire requirements based on six barb wires. One
percent additional wire for tying and fastening. Five wood
posts per corner. Line posts every 20 feet. Five barb
wires for internal fence
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Appendix Table C4. Approximate Material Requirements
for Modified Barb Wire Fence, Rotational Grazing

External
Pasture  Total Fencing Requirements
Size Perimeter  Wire Posts
acres feet feet
1 835 2,087 0
5 1,867 4,667 0
10 2,640 6,600 0
20 3,734 9,334 0
30 4,573 11,432 0
50 5,903 14,758 0
75 7,230 18,075 0
100 8,348 20,871 0
125 9,334 23,335 0
150 10,225 25,562 0
175 11,044 27,610 0
200 11,806 29,516 0
225 12,523 31,307 0
250 13,200 33,000 0
275 13,844 34,611 0
300 14,460 36,150 0
325 15,050 37,626 0
350 15,618 39,046 0
375 16,167 40,417 0
400 16,697 41,742 0
425 17,211 43,027 0
450 17,710 44,274 0
475 18,195 45,487 0
500 18,668 46,669 0
525 19,129 47,822 0
550 19,579 48,947 0
575 20,019 50,047 0
600 20,449 51,123 0
625 20,871 52,178 0
650 21,284 53,211 0

Notes: Wire requirements based on adding two barb
wires to external and internal fence. No additional posts
required. External fence assumed to be either a three
or four-wire fence.
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Appendix Table C5. Fence Expenses, New and Modified Fence, Seasonal Grazing

New Fence Modify Fence
Pasture Expenses Cost Wire Cost
Size Corners Wire Posts  Total per Acre Expense per Acre
acres $
1 136 123 83 342 342.13 40 40.48
5 136 274 187 597 119.38 91 18.10
10 136 388 264 788 78.78 128 12.80
20 136 548 373 1,058 52.89 181 9.05
30 136 672 457 1,265 42.17 222 7.39
50 136 867 590 1,594 31.87 286 5.72
75 136 1,062 723 1,921 25.62 351 4.67
100 136 1,226 835 2,197 21.97 405 4.05
125 136 1,371 933 2,441 19.52 453 3.62
150 136 1,502 1,022 2,661 17.74 496 3.30
175 136 1,622 1,104 2,863 16.36 535 3.06
200 136 1,734 1,181 3,051 15.26 572 2.86
225 136 1,840 1,252 3,228 14.35 607 2.70
250 136 1,939 1,320 3,395 13.58 640 2.56
275 136 2,034 1,384 3,554 12.92 671 2.44
300 136 2,124 1,446 3,706 12.35 701 2.34
325 136 2,211 1,505 3,852 11.85 730 2.25
350 136 2,294 1,562 3,992 11.41 757 2.16
375 136 2,375 1,617 4,128 11.01 784 2.09
400 136 2,453 1,670 4,259 10.65 810 2.02
425 136 2,528 1,721 4,385 10.32 834 1.96
450 136 2,602 1,771 4,509 10.02 859 191
475 136 2,673 1,819 4,628 9.74 882 1.86
500 136 2,742 1,867 4,745 9.49 905 181
525 136 2,810 1,913 4,859 9.26 927 1.77
550 136 2,876 1,958 4,970 9.04 949 1.73
575 136 2,941 2,002 5,079 8.83 971 1.69
600 136 3,004 2,045 5,185 8.64 991 1.65
625 136 3,066 2,087 5,289 8.46 1,012 1.62
650 136 3.127 2,128 5391 8.29 1,032 1.59
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Appendix Table C6. Fence Expenses, New and Modified Fence, Rotational Grazing

External New Fence Modify Fence

Pasture Expenses Cost Wire Cost

Size Corners Wire Posts Total per Acre Expense per Acre
acres $

1 160 148 104 412 412.30 51 50.60
5 160 331 233 724 14483 113 22.63
10 160 468 330 958 95.78 160 16.00
20 160 662 467 1,288 64.42 226 11.31
30 160 810 572 1,542 51.40 277 9.24
50 160 1,046 738 1,944 38.88 358 7.16
75 160 1,281 904 2,345 31.27 438 5.84
100 160 1,479 1,044 2,683 26.83 506 5.06
125 160 1,654 1,167 2,981 23.85 566 453
150 160 1,812 1,278 3,250 21.67 620 413
175 160 1,957 1,380 3,498 19.99 669 3.82
200 160 2,092 1,476 3,728 18.64 716 3.58
225 160 2,219 1,565 3,944 17.53 759 3.37
250 160 2,339 1,650 4,149 16.60 800 3.20
275 160 2,453 1,731 4,344 15.80 839 3.05
300 160 2,562 1,807 4,530 15.10 876 292
325 160 2,667 1,881 4,708 14.49 912 281
350 160 2,768 1,952 4,880 13.94 947 2.70
375 160 2,865 2,021 5,046 13.46 980 261
400 160 2,959 2,087 5,206 13.01 1,012 253
425 160 3,050 2,151 5,361 1261 1,043 245
450 160 3,138 2,214 5,512 12.25 1,073 2.39
475 160 3,224 2,274 5,659 11.91 1,103 2.32
500 160 3,308 2,333 5,802 11.60 1,131 2.26
525 160 3,390 2,391 5,941 11.32 1,159 221
550 160 3,470 2,447 6,077 11.05 1,187 2.16
575 160 3,548 2,502 6,210 10.80 1,213 211
600 160 3,624 2,556 6,340 10.57 1,239 207
625 160 3,699 2,609 6,467 10.35 1,265 2.02
650 160 3772 2,661 6.592 10.14 1,290 1.98

88



APPENDIX D

Alternative Leafy Spurge Control Scenarios
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Appendix Table D1. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Good
Management, Seasond Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 1183 1196 1225 1063 1076 1105 1510 1522 1552 1474 1486 1516
0.30 1186 1205 125.0 1066 1085 1130 1513 1532 1576 1477 1496 1540
040 1189 1215 1274 1069 1094 1154 1516 1541 1600 1480 1505 1564
0.50 1192 1224 1298 1072 1104 1178 1519 1550 1625 1483 1514 1589
0.60 1195 1233 1322 1075 1113 120.2 1522 156.0 164.9 148.6 1524 161.3
0.70 1199 124.3 134.7 107.8 1123 122.7 1525 156.9 167.3 1489 1533 163.7
0.80 1202 1252 1371 1082 1132 1251 1528 1578 1697 1492 1542 1661
0.90 1205 1261 1395 1085 1141 1275 1531 1588 1721 1495 1552 1685

10-year Period
0.20 166.8 169.9 1745 145.0 148.0 152.7 208.6 2116 216.2 202.0 205.0 209.6
0.30 168.7 1733 180.3 146.9 1515 1584 2104 214.9 2219 2039 2084 2153
040 170.7 176.8 186.0 148.8 1549 164.2 212.3 2183 2275 205.8 2118 2210
0.50 1726 180.2 1918 150.7 158.3 169.9 2142 2217 2332 207.6 2152 226.7
0.60 1745 1836 197.6 1526 1618 1757 2161 2251 2389 2005 2185 2324
0.70 1764 187.1 203.3 1545 165.2 1815 2180 2285 244.6 2114 2219 2380
0.80 1783 190.5 209.1 1564 168.7 187.2 2198 2319 250.3 2133 2253 2437
0.90 180.2 1940 2148 1584 1721 1930 2217 2353 256.0 2152 228.7 2494
15-year Period

0.20 1993 203.2 208.0 169.3 1733 1780 250.8 254.6 2594 2418 2456 2504
0.30 203.6 209.6 216.7 1737 1796 186.7 2550 260.8 267.9 246.0 2518 2589
040 208.0 2159 2254 178.0 1859 1954 259.2 266.9 2764 250.2 2579 2674
0.50 2123 2222 2341 182.3 1922 204.1 2635 2731 284.9 2545 264.1 2759
0.60 216.7 2285 242.8 186.7 1985 2128 267.7 279.2 2934 258.7 270.2 2844
0.70 2210 2348 2515 1910 204.8 2215 2719 285.3 301.9 262.9 276.3 292.9
0.80 2253 2411 260.2 1954 2111 230.2 276.1 2915 3104 267.1 2825 3015
0.90 220.7 2474 268.9 199.7 2174 238.9 2804 297.6 319.0 2714 288.6 310.0

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs valued at $12.
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Appendix Table D2. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Good
Management, Seasond Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 102.8 104.0 107.0 831 844 874 138.9 140.2 1431 133.0 1343 137.2
0.30 1031 105.0 1094 834 85.3 89.8 139.2 1411 1455 1333 135.2 139.7
0.40 1034 105.9 1119 837 86.3 92.2 1395 142.0 148.0 133.6 136.1 142.1
050 103.7 106.9 114.3 8.1 87.2 94.6 139.8 1430 1504 1339 1371 1445
0.60 104.0 107.8 116.7 844 881 97.1 1401 1439 152.8 134.2 138.0 146.9
0.70 1043 1087 119.1 84.7 89.1 995 1404 1448 1552 1345 1389 1493
0.80 104.6 109.7 121.6 85.0 90.0 101.9 140.7 145.8 157.6 134.8 139.9 151.7
0.90 104.9 1106 124.0 85.3 91.0 104.3 141.0 146.7 160.0 135.2 140.8 154.2

10-year Period
0.20 1513 1544 159.0 1218 124.8 1295 196.5 1995 204.1 187.6 190.6 195.2
0.30 153.2 157.8 164.8 123.7 128.3 135.2 1984 2029 209.8 189.5 194.0 200.9
0.40 1551 1612 1705 1256 1317 1410 2002 2063 2155 1914 1974 2066
050 1570 164.7 176.3 1275 135.2 146.8 202.1 209.6 2212 193.3 200.8 212.3
0.60 159.0 168.1 182.0 1294 138.6 1525 204.0 2130 226.8 195.1 204.2 2180
0.70 160.9 171.6 187.8 1314 142.0 158.3 2059 2164 2325 197.0 207.6 2237
0.80 162.8 175.0 193.6 1333 1455 164.0 207.8 2198 2382 198.9 2109 2294
0.90 164.7 1784 199.3 135.2 148.9 169.8 209.6 2232 2439 200.8 214.3 2351
15-year Period

0.20 1838 187.7 1925 146.2 1501 154.9 238.7 2425 247.3 2274 231.3 236.0
0.30 1881 194.0 201.2 150.5 1564 163.6 242.9 2487 2558 2316 2374 2445
0.40 1925 200.3 2099 154.8 162.7 172.3 247.2 254.8 264.3 2359 2435 2530
050 196.8 206.6 2186 159.2 169.0 180.9 2514 261.0 2728 240.1 249.7 2615
0.60 201.1 2129 227.3 1635 1753 189.6 255.6 267.1 281.3 244.3 255.8 270.1
0.70 2055 219.2 236.0 167.8 181.6 198.3 259.8 2733 2899 2485 262.0 278.6
0.80 209.8 2256 244.6 172.2 187.9 207.0 264.1 2794 2984 252.8 268.1 287.1
0.90 214.1 2319 2533 176.5 194.2 2157 268.3 285.6 306.9 257.0 274.3 295.6

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.
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Appendix Table D3. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Poor
Management, Seasond Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -17.7 -165 -135 -20.7 -285 -255 -8.7 74 -4.5 -12.3 -11.0 81
0.30 -17.4 -155 -111 -29.4 275 231 -84 6.5 20 -12.0 -10.1 5.6
0.40 -17.1 -14.6 -8.7 -20.1 -26.6 -20.7 -8.1 -5.6 04 -11.7 -9.2 -32
050 -16.8 -137 -6.2 -28.8 -25.7 -182 -7.8 -4.6 28 -114 -8.2 -0.8
0.60 -165 -127 -38 -285 -24.7 -158 -75 37 5.2 -111 73 16
0.70 -16.2 -118 -14 -28.2 -238 -134 -1.2 -2.8 76 -10.8 -6.4 40
0.80 -159 -10.8 10 -27.9 -22.8 -110 -6.9 -1.8 100 -10.5 -54 6.4
0.90 -15.6 -9.9 35 -27.6 -21.9 -85 -6.5 -0.9 125 -10.1 -4.5 88

10-year Period
0.20 -28.6 -25.6 -209 -50.5 -475 -42.8 -11.4 -84 -38 -18.0 -15.0 -10.3
0.30 -26.7 -22.1 -15.2 -48.6 -44.0 -37.1 -95 -50 19 -16.1 -11.6 -4.7
0.40 -24.8 -18.7 -94 -46.7 -40.6 -313 -7.6 -16 76 -14.2 -82 10
050 -229 -153 -37 -44.8 -37.1 -255 -58 18 133 -12.3 -4.8 6.7
0.60 -21.0 -118 21 -42.9 -337 -19.8 -39 51 190 -104 -14 124
0.70 -19.1 -84 7.8 -40.9 -30.3 -140 -20 85 24.7 -8.6 20 181
0.80 -17.2 -50 13.6 -39.0 -26.8 -83 -0.1 119 30.3 -6.7 54 238
0.90 -15.2 -15 194 -37.1 -234 -25 18 153 36.0 -4.8 87 295
15-year Period

0.20 -34.0 -30.0 -25.3 -64.0 -60.0 -55.2 -9.1 -53 -05 -18.2 -14.4 -9.7
0.30 -29.7 -23.7 -16.6 -59.6 -537 -46.6 -4.9 10 81 -14.0 -83 -11
0.40 -25.3 -17.4 -79 -55.3 -47.4 -379 -06 72 16.7 9.8 21 74
050 -21.0 -111 0.8 -51.0 411 -29.2 37 134 253 -5.6 40 15.9
0.60 -16.6 -4.8 95 -46.6 -34.8 -205 80 19.6 339 -1.3 10.2 244
0.70 -12.3 15 18.2 -42.3 -285 -118 12.2 258 425 29 16.3 329
0.80 -80 7.8 26.9 -379 222 -31 16.5 321 51.1 7.1 25 414
0.90 -3.6 14.1 356 -33.6 -15.9 5.6 20.8 38.3 59.7 11.3 28.6 499

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.
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Appendix Table D4. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Poor
Management, Seasond Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -329 -317 -28.7 -52.6 -51.3 -484 -205 -19.2 -16.3 -264 -25.1 -22.2
0.30 -326 -30.7 -26.3 -52.3 -504 -45.9 -20.2 -183 -138 -26.1 -24.2 -19.7
0.40 -323 -29.8 -239 -52.0 -495 -435 -199 -174 -114 -25.8 -232 -17.3
050 -320 -289 -214 -51.7 -485 -41.1 -19.6 -164 -9.0 -255 -22.3 -149
0.60 317 -279 -19.0 514 -47.6 -387 -19.3 -155 -6.6 -252 214 -125
0.70 -314 -27.0 -16.6 -511 -46.6 -36.2 -189 -145 -4.2 -24.8 -204 -10.1
0.80 -311 -26.0 -14.2 -50.8 -45.7 -338 -18.6 -136 -1.8 -24.5 -195 =177
0.90 -30.8 -25.1 -11.7 -504 -44.8 -314 -183 -12.7 0.7 -24.2 -18.6 -52

10-year Period
0.20 -438 -40.8 -36.1 -734 -70.3 -65.7 -232 -20.2 -15.6 -320 -29.0 -24.4
0.30 -419 -37.3 -304 -714 -66.9 -59.9 -21.3 -16.8 -9.9 -30.2 -25.7 -18.7
0.40 -40.0 -339 -24.6 -69.5 -634 -54.2 -194 -134 -4.2 -28.3 -22.3 -131
050 -38.1 -305 -189 -67.6 -60.0 -484 -175 -10.0 15 -264 -189 -74
0.60 -36.2 -27.0 -131 -65.7 -56.6 -42.6 -15.7 -6.6 72 -24.5 -155 -17
0.70 -34.3 -23.6 -14 -63.8 -531 -36.9 -138 -33 12.9 -22.6 -12.1 40
0.80 -324 -20.2 -1.6 -61.9 -49.7 -311 -119 0.1 186 -20.8 -8.7 9.7
0.90 -304 -16.7 42 -60.0 -46.2 -254 -10.0 35 24.2 -189 -53 154
15-year Period

0.20 -49.2 -45.3 -40.5 -86.8 -829 -78.1 -21.0 -17.2 -125 -323 -285 -23.7
0.30 -44.9 -389 -31.8 -825 -76.6 -69.4 -16.8 -111 -39 -28.1 -22.3 -15.2
0.40 -405 -32.6 -231 -78.1 -70.3 -60.7 -12.6 -4.9 46 -239 -16.2 -6.7
050 -36.2 -26.3 -14.4 -738 -64.0 -52.0 -84 12 131 -19.6 -10.0 18
0.60 -31.8 -20.0 5.7 -69.5 -57.7 -43.3 -4.1 74 216 -154 -39 103
0.70 -275 -13.7 30 -65.1 -514 -34.6 01 135 30.1 -11.2 22 188
0.80 -232 -74 11.7 -60.8 -45.1 -26.0 43 19.7 38.6 -7.0 84 27.3
0.90 -18.8 -1.1 204 -56.5 -38.7 -17.3 85 25.8 47.1 2.7 145 359

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.
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Appendix Table D5. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Good
Management, Rotational Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 1175 1187 1215 1029 1041 1070 1506 1519 1547 1462 1475 1503
0.30 1177 1196 1238 1031 1050 1092 1509 1527 1570 1465 1483 1526
0.40 1179 1204 126.1 1033 1058 1115 1511 1536 1592 1467 1492 1549
0.50 1182 1213 1284 1036 1067 1138 1513 1544 1615 1469 1500 1571
0.60 1184 121 1307 1038 1075 1161 1515 1553 1638 1472 1509 1594
0.70 1186 1230 1329 1040 1084 1183 1518 1561 1660 1474 1517 1617
0.80 1189 1238 135.2 104.3 109.2 120.6 152.0 157.0 168.3 147.6 152.6 1639
0.90 1191 1247 1375 1045 1101 129 1522 1578 1706 1479 1535 1662

10-year Period
0.20 165.2 168.3 172.8 138.6 1417 146.2 207.9 2109 2154 199.9 2029 2074
0.30 167.0 171.6 1784 1404 145.0 151.8 209.6 2141 220.8 201.6 206.1 2129
0.40 168.7 174.9 183.9 142.2 148.3 157.3 211.3 217.3 226.3 203.3 2094 2183
050 1705 178.2 189.5 1439 151.6 162.9 2130 220.6 2318 205.0 212.6 2238
0.60 172.2 1814 195.0 145.7 154.9 1684 214.7 2238 237.3 206.8 2158 2293
0.70 174.0 184.7 200.6 1474 1581 174.0 2165 227.0 2428 2085 2190 234.8
0.80 175.8 188.0 206.1 149.2 1614 1795 2182 230.3 2482 2102 222.3 240.3
0.90 1775 1913 2117 1509 1647 1851 2199 2335 2537 2119 2255 2457
15-year Period

0.20 1971 2011 205.7 160.7 164.6 169.3 249.8 2537 258.3 2389 242.8 2474
0.30 201.2 207.2 2142 164.8 170.7 177.7 2538 259.6 266.6 2429 248.7 255.6
0.40 2054 2133 2226 168.9 176.8 186.2 257.8 265.6 2748 246.9 254.6 2639
050 2095 2194 2310 173.0 182.9 194.6 261.8 2715 2831 2509 260.6 2722
0.60 2136 2255 2395 177.2 189.1 203.0 2659 2715 291.3 2549 266.5 2804
0.70 217.7 231.6 2479 181.3 195.2 2115 269.9 2834 299.6 2589 2725 2887
0.80 221.8 237.7 256.4 1854 201.3 2199 2739 289.3 307.9 2629 2784 296.9
0.90 226.0 2438 264.8 189.5 2074 228.3 2779 295.3 316.1 266.9 284.4 305.2

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.
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Appendix Table D6. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Good
Management, Rotational Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 1015 1027 105.6 776 788 817 1384 1397 1425 1312 1325 1353
0.30 1017 1036 1079 778 79.7 84.0 1386 1405 1448 1315 1333 1376
0.40 1020 1044 1101 78.1 805 86.2 1389 1414 1470 1317 1342 1399
050 102.2 105.3 1124 783 814 885 139.1 142.2 149.3 131.9 135.0 142.1
0.60 1024 106.2 114.7 785 823 90.8 139.3 1431 151.6 132.2 135.9 1444
0.70 102.7 107.0 117.0 78.8 831 931 139.6 1439 1538 1324 136.7 146.7
0.80 102.9 107.9 119.2 79.0 84.0 95.3 139.8 144.8 156.1 132.6 137.6 1489
0.90 1031 108.7 1215 79.2 84.8 97.6 140.0 145.6 1584 132.9 1384 151.2

10-year Period
0.20 149.3 152.3 156.9 1134 1164 121.0 195.6 198.7 2032 184.9 187.9 1924
0.30 1510 1556 1624 1151 1197 1265 1974 2019 2086 1866 1911 1979
0.40 152.8 1589 168.0 116.9 1230 1321 199.1 205.1 2141 188.3 1944 2033
050 1545 162.2 1735 1186 126.3 137.6 200.8 2084 2196 190.0 197.6 208.8
0.60 156.3 1655 1791 1204 129.6 143.2 2025 211.6 2251 191.8 200.8 214.3
0.70 158.0 168.8 184.6 1221 132.9 148.7 204.3 214.8 2305 1935 204.0 2198
0.80 159.8 172.0 190.1 1239 136.1 154.3 206.0 2180 236.0 195.2 207.3 2253
0.90 1615 1753 195.7 1256 1394 1598 2077 2213 2415 1969 2105 2307
15-year Period

0.20 181.2 185.1 189.8 1354 1394 144.0 237.6 2415 246.1 2239 227.8 2324
0.30 185.3 191.2 198.2 1395 1455 1525 241.6 2474 2544 2279 2337 240.6
0.40 1894 197.3 206.6 143.6 151.6 160.9 2456 2534 262.6 2319 239.6 2489
050 1935 2034 2151 147.8 157.7 169.3 249.6 259.3 2709 2359 2456 257.1
0.60 197.6 2095 2235 151.9 163.8 177.8 2536 265.3 279.1 2399 2515 2654
0.70 201.7 2156 2319 156.0 169.9 186.2 257.7 271.2 2874 2439 2575 2737
0.80 205.9 221.7 2404 160.1 176.0 194.6 261.7 277.1 2956 2479 2634 281.9
0.90 2100 227.8 248.8 164.2 182.1 203.1 265.7 2831 3039 2519 2694 290.2

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.
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Appendix Table D7. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Poor
Management, Rotational Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -18.6 -17.3 -14.5 -332 -31.9 -29.1 -9.0 -7.8 -50 -134 -12.2 -9.3
0.30 -184 -16.5 -12.2 -329 -311 -26.8 -88 -70 -2.7 -132 -11.3 -7.1
0.40 -18.1 -15.6 -9.9 -32.7 -30.2 -24.5 -8.6 -6.1 -04 -13.0 -105 -4.8
050 -17.9 -14.8 =17 -325 -294 -22.3 -84 -53 18 -12.7 -9.6 -25
0.60 -17.7 -139 -54 -323 -285 -20.0 -8.1 -4.4 41 -125 -88 -0.3
0.70 -174 -131 -31 -320 =217 -17.7 -79 -35 6.4 -12.3 -79 20
0.80 -17.2 -12.2 -0.8 -31.8 -26.8 -154 =17 -2.7 86 -12.0 -7.1 43
0.90 -17.0 -114 14 -316 -25.9 -132 74 -18 109 -11.8 6.2 6.5

10-year Period
0.20 -30.2 -27.2 -22.6 -56.8 -538 -49.2 -12.1 -9.1 -4.6 -20.1 -17.1 -12.6
0.30 -285 -239 -17.1 -55.1 -50.5 -43.7 -104 -5.9 09 -184 -138 -7.1
0.40 -26.7 -20.6 -115 -533 472 -38.1 -8.7 -2.6 6.4 -16.6 -10.6 -16
050 -25.0 -17.3 -6.0 -51.6 -439 -32.6 -6.9 0.6 118 -14.9 -74 39
0.60 -232 -140 -05 -49.8 -40.6 -27.0 -52 38 17.3 -132 -4.1 9.3
0.70 215 -107 51 -48.1 -37.3 215 -35 71 228 -115 -09 14.8
0.80 -19.7 -75 10.6 -46.3 -34.0 -159 -1.8 103 283 -9.8 23 203
0.90 -18.0 -4.2 16.2 -44.6 -30.8 -104 -0.1 135 338 -80 56 258
15-year Period

0.20 -36.2 -322 -275 -72.6 -68.7 -64.0 -10.2 -6.3 -1.7 211 -17.3 -12.6
0.30 -321 -26.1 -19.1 -68.5 -62.6 -55.6 -6.2 -04 6.5 -17.1 -11.3 -4.4
0.40 -279 -20.0 -10.7 -64.4 -56.4 -47.1 -2.2 55 14.8 -131 -54 39
050 -238 -139 -2.2 -60.3 -50.3 -38.7 18 115 231 9.1 0.6 121
0.60 -19.7 -7.8 6.2 -56.1 -44.2 -30.3 58 174 313 51 6.5 204
0.70 -15.6 -17 14.6 -52.0 -38.1 -21.8 9.8 234 39.6 -11 124 286
0.80 -115 44 231 -47.9 -320 -134 138 29.3 47.8 29 184 36.9
0.90 -7.3 105 315 -43.8 -25.9 -5.0 17.9 35.3 56.1 6.9 24.3 452

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.
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Appendix Table D8. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Poor
Management, Rotational Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -34.2 -330 -30.1 -58.1 -56.9 541 -21.0 -19.7 -16.9 -28.1 -26.9 -24.1
0.30 -34.0 -321 -27.9 -579 -56.0 -51.8 -20.7 -189 -14.6 -27.9 -26.0 -21.8
0.40 -338 -313 -25.6 -57.7 -55.2 -49.5 -205 -180 -124 =217 -25.2 -195
050 -335 -304 -233 -574 -54.3 -47.2 -20.3 -17.2 -10.1 -274 -24.3 -17.3
0.60 -333 -29.6 -21.0 -57.2 -535 -44.9 -20.0 -16.3 -7.8 -27.2 -235 -150
0.70 -331 -28.7 -18.8 -57.0 -52.6 -42.7 -19.8 -155 -55 -27.0 -22.6 -12.7
0.80 -328 -27.9 -16.5 -56.7 -51.8 -404 -19.6 -14.6 -33 -26.8 -21.8 -104
0.90 -326 -27.0 -14.2 -56.5 -50.9 -38.1 -194 -138 -1.0 -26.5 -209 -8.2

10-year Period
0.20 -459 -42.8 -383 -81.8 -718.7 -74.2 -24.0 -21.0 -16.5 -34.8 -31.8 -27.3
0.30 -44.1 -395 -32.7 -80.0 -754 -68.6 -22.3 -17.8 -110 -331 -285 -21.8
0.40 424 -36.3 -27.2 -783 =721 -63.1 -20.6 -145 -5.6 -31.3 -253 -16.3
050 -40.6 -33.0 -21.6 -76.5 -68.9 -575 -189 -113 -0.1 -29.6 2.1 -10.8
0.60 -389 -29.7 -16.1 -74.8 -65.6 -52.0 -17.1 -81 54 -27.9 -189 -54
0.70 -37.1 -26.4 -10.6 -730 -62.3 -46.4 -154 -4.9 109 -26.2 -15.6 0.1
0.80 -354 -231 -50 -71.3 -59.0 -40.9 -137 -16 164 -24.5 -124 56
0.90 -336 -198 05 -69.5 -55.7 -354 -12.0 16 21.8 -22.7 -9.2 111
15-year Period

0.20 -51.8 -47.9 -432 -97.6 -93.6 -89.0 2.1 -183 -136 -359 -320 -274
0.30 477 -41.8 -34.8 -935 -875 -80.5 -18.1 -12.3 -54 -31.8 -26.0 -19.1
0.40 -43.6 -35.7 -26.3 -89.3 -81.4 =721 -14.1 -6.4 29 -27.8 -20.1 -10.8
050 -395 -29.5 -17.9 -85.2 -75.3 -63.6 -10.1 -04 111 -238 -14.2 -2.6
0.60 -363 -234 -95 -81.1 -69.2 -55.2 -6.1 55 194 -19.8 -82 57
0.70 -31.2 -17.3 -1.0 -77.0 -63.1 -46.8 21 115 217 -15.8 -2.3 139
0.80 -27.1 -112 74 =729 -57.0 -383 19 174 35.9 -11.8 37 22
0.90 -23.0 -5.1 15.8 -68.7 -50.9 -29.9 59 233 44.2 -7.8 9.6 304

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.
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Appendix Table D9. Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Poor Management, Seasonal
Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no yes no no no
0.30 no no no no no no no no yes no no yes
040 no no yes no no no no no yes no no yes
0.50 no no yes no no no no yes yes no no yes
0.60 no no yes no no no no yes yes no no yes
0.70 no no yes no no yes no yes yes no yes yes
0.80 no no yes no no yes no yes yes no yes yes
0.90 no no yes no no yes no yes yes no yes yes

10-year Period
0.20 no no no no no no no no yes no no yes
0.30 no no yes no no no no yes yes no no yes
040 no no yes no no no yes yes yes no yes yes
0.50 no yes yes no no yes yes yes yes no yes yes
0.60 no yes yes no no yes yes yes yes yes yes yes
0.70 no yes yes no no yes yes yes yes yes yes yes
0.80 no yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes
15-year Period

0.20 no no no no no no no yes yes no no yes
0.30 no no yes no no no yes yes yes no yes yes
040 no yes yes no no no yes yes yes yes yes yes
0.50 yes yes yes no no yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss andysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled.
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Appendix Table D10. Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Poor Management, Seasonal
Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no no no no no
0.40 no no no no no no no no no no no no
0.50 no no no no no no no no yes no no no
0.60 no no no no no no no no yes no no yes
0.70 no no yes no no no no no yes no no yes
0.80 no no yes no no no no no yes no no yes
0.90 no no yes no no no no no yes no no yes

10-year Period
0.20 no no no no no no no no no no no no
0.30 no no no no no no no no yes no no no
0.40 no no no no no no no yes yes no yes no
0.50 no no yes no no no no yes yes no yes no
0.60 no no yes no no no no yes yes no yes no
0.70 no yes yes no no yes no yes yes no yes yes
0.80 no yes yes no no yes yes yes yes no yes yes
0.90 no yes yes no no yes yes yes yes no yes yes
15-year Period

0.20 no no no no no no no no yes no no no
0.30 no no no no no no no yes yes no no yes
0.40 no no yes no no no yes yes yes no yes yes
0.50 no yes yes no no no yes yes yes yes yes yes
0.60 no yes yes no no yes yes yes yes yes yes yes
0.70 yes yes yes no no yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yves ves ves no yves ves yes ves yves ves yves ves

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss andysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled.
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Appendix Table D11. Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Poor Management, Rotational
Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no yes no no no
040 no no no no no no no no yes no no yes
0.50 no no yes no no no no no yes no no yes
0.60 no no yes no no no no yes yes no no yes
0.70 no no yes no no no no yes yes no no yes
0.80 no no yes no no yes no yes yes no no yes
0.90 no no yes no no yes no yes yes no yes yes

10-year Period
0.20 no no no no no no no no yes no no no
0.30 no no yes no no no no yes yes no no yes
040 no no yes no no no no yes yes no yes yes
0.50 no yes yes no no no yes yes yes no yes yes
0.60 no yes yes no no yes yes yes yes no yes yes
0.70 no yes yes no no yes yes yes yes yes yes yes
0.80 no yes yes no no yes yes yes yes yes yes yes
0.90 no yes yes no yes yes yes yes yes yes yes yes
15-year Period

0.20 no no no no no no no yes yes no no yes
0.30 no no yes no no no yes yes yes no yes yes
040 no yes yes no no no yes yes yes yes yes yes
0.50 no yes yes no no yes yes yes yes yes yes yes
0.60 yes yes yes no no yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss andysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled.
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Appendix Table D12. Least-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Poor Management,
Rotational Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no no no no no
0.40 no no no no no no no no no no no no
0.50 no no no no no no no no yes no no no
0.60 no no no no no no no no yes no no no
0.70 no no no no no no no no yes no no yes
0.80 no no yes no no no no no yes no no yes
0.90 no no yes no no no no no yes no no yes

10-year Period
0.20 no no no no no no no no no no no no
0.30 no no no no no no no no yes no no no
0.40 no no no no no no no no yes no no yes
0.50 no no yes no no no no yes yes no no yes
0.60 no no yes no no no no yes yes no no yes
0.70 no no yes no no no no yes yes no no yes
0.80 no yes yes no no yes yes yes yes no no yes
0.90 no yes yes no no yes yes yes yes no no yes
15-year Period

0.20 no no no no no no no no yes no no no
0.30 no no no no no no no yes yes no no yes
0.40 no no yes no no no yes yes yes no yes yes
0.50 no yes yes no no no yes yes yes no yes yes
0.60 no yes yes no no no yes yes yes yes yes yes
0.70 yes yes yes no no yes yes yes yes yes yes yes
0.80 yes yes yes no no yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes

%Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.

Note: In Situations where net returns from using sheep to control leafy spurge are negative, least-loss andysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled.
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Appendix Table D13. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing with Sheep Leasing ($1.00 per
head per month), Seasonal Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -17.9 -16.6 -13.6 -323 -31.0 -28.1 -15.2 -139 -110 -18.1 -16.8 -138
0.30 -17.6 -157 -112 -320 -30.1 -25.6 -14.9 -130 -85 -17.8 -159 -114
0.40 -17.3 -14.7 -88 -317 -29.1 -232 -14.6 -12.1 -6.1 -175 -14.9 -9.0
050 -17.0 -138 -6.4 -314 -28.2 -20.8 -14.3 -111 -37 -17.2 -14.0 -6.6
0.60 -16.7 -129 -4.0 -311 -27.3 -184 -14.0 -10.2 -1.3 -16.8 -131 -4.2
0.70 -16.3 -119 -15 -30.7 -26.3 -159 -137 93 11 -165 -121 -18
0.80 -16.0 -110 09 -304 -254 -135 -134 -83 35 -16.2 -11.2 0.7
0.90 -157 -10.1 33 -30.1 -245 111 -13.0 74 6.0 -159 -10.3 31

10-year Period
0.20 -245 215 -16.8 -50.8 -47.7 -43.1 -19.7 -16.7 -121 -24.9 219 -17.3
0.30 -22.6 -180 -111 -48.9 -44.3 -37.3 -17.8 -133 -6.4 -231 -185 -116
0.40 -20.7 -14.6 -53 -46.9 -40.8 -31.6 -159 -9.9 -0.7 -21.2 -15.2 -5.9
050 -18.8 -112 04 -45.0 -374 -25.8 -14.0 -6.5 50 -19.3 -11.8 -0.3
0.60 -16.9 =17 6.2 -43.1 -34.0 -20.0 -12.2 -31 10.7 -174 -84 54
0.70 -15.0 -4.3 119 412 -305 -14.3 -10.3 02 16.4 -155 50 111
0.80 -131 -0.8 17.7 -39.3 -27.1 -85 -84 36 220 -137 -1.6 16.8
0.90 -11.1 26 235 -374 -236 -2.8 -6.5 7.0 217 -11.8 18 225
15-year Period

0.20 -26.8 -22.8 -18.1 -62.7 -58.8 -540 -20.3 -164 -117 -2715 -236 -189
0.30 -24 -16.5 -94 -584 -525 -45.3 -16.0 -10.3 -32 -232 -175 -104
0.40 -18.1 -102 -0.7 54.1 -46.2 -36.7 -11.8 -4.1 53 -19.0 -11.3 -19
050 -138 -39 80 -49.7 -399 -28.0 -7.6 20 139 -14.8 -52 6.7
0.60 -94 24 16.7 -454 -336 -193 -34 82 24 -10.6 10 15.2
0.70 51 87 254 411 -27.3 -10.6 09 14.3 30.9 -6.3 7.1 237
0.80 -0.8 15.0 A1 -36.7 -21.0 -19 51 204 394 21 132 322
0.90 3.6 21.3 42.8 -324 -14.7 6.8 9.3 26.6 479 21 194 40.7

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.
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Appendix Table D14. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing with Sheep Leasing ($2.00 per
head per month), Seasonal Grazing Scenario ($12 per AUM)

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -330 -317 -28.8 474 -46.1 -43.2 -30.3 -29.1 -26.1 -332 -31.9 -29.0
0.30 -327 -30.8 -26.3 471 -45.2 -40.8 -30.0 -28.1 -23.7 -329 -31.0 -26.6
0.40 -324 -29.9 -239 -46.8 -44.3 -383 -29.7 -27.2 -21.3 -32.6 -30.1 -24.1
050 -321 -289 -21.5 -46.5 -433 -359 -294 -26.3 -18.8 -323 -29.1 -21.7
0.60 -31.8 -280 -19.1 -46.2 424 -335 -29.1 -25.3 -164 -320 -28.2 -193
0.70 -315 271 -16.7 -45.9 -415 311 -28.8 -24.4 -14.0 317 273 -16.9
0.80 -31.2 -26.1 -14.2 -45.6 -405 -28.6 -285 -235 -116 -314 -26.3 -145
0.90 -30.9 -25.2 -11.8 -45.3 -39.6 -26.2 -28.2 -225 -9.2 -311 -254 -12.1

10-year Period
0.20 -46.8 -43.7 -39.1 -89.8 -85.8 -811 -419 -389 -34.3 -545 -50.7 -45.9
0.30 -44.8 -40.3 -333 -854 -79.5 -724 -40.0 -355 -28.6 -50.3 -445 -374
0.40 -429 -36.8 -275 -81.1 =732 -63.7 -38.1 -321 -22.9 -46.0 -384 -289
050 -41.0 -334 -21.8 -76.8 -66.9 -55.0 -36.3 -28.7 -17.2 -41.8 -322 -204
0.60 -39.1 -29.9 -16.0 =124 -60.6 -46.3 -34.4 -254 -115 -37.6 -26.1 -119
0.70 -37.2 -26.5 -10.3 -68.1 -54.3 -37.6 -325 -22.0 -59 -334 -199 -33
0.80 -363 -231 -45 -63.8 -48.0 -289 -30.6 -18.6 -0.2 -20.1 -138 52
0.90 -334 -19.6 12 -504 417 -20.2 -28.7 -15.2 55 -24.9 -7.6 137
15-year Period

0.20 -538 -49.9 -45.1 -89.8 -85.8 -811 -47.3 -435 -38.7 -545 -50.7 -45.9
0.30 -495 -43.6 -36.4 -854 -795 -724 -431 -37.3 -30.2 -50.3 -445 -374
0.40 -45.1 -37.3 =217 -81.1 -732 -63.7 -388 -312 -21.7 -46.0 -384 -289
050 -40.8 -31.0 -19.0 -76.8 -66.9 -55.0 -34.6 -25.0 -132 -41.8 -322 -204
0.60 -36.5 -24.7 -10.3 =124 -60.6 -46.3 -304 -189 -4.7 -37.6 -26.1 -119
0.70 -321 -183 -1.6 -68.1 -54.3 -37.6 -26.2 -12.7 39 -334 -199 -33
0.80 -27.8 -12.0 7.1 -63.8 -48.0 -289 -21.9 -6.6 124 -29.1 -138 52
0.90 -235 5.7 15.7 -59.4 -41.7 -20.2 -17.7 04 20.9 -24.9 -7.6 137

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.
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Appendix Table D15. Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing with Sheep Leasing ($1.00 per head per month),
Seasonal Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no no no no no
040 no no yes no no no no no yes no no yes
0.50 no no yes no no no no no yes no no yes
0.60 no no yes no no no no no yes no no yes
0.70 no no yes no no yes no no yes no no yes
0.80 no no yes no no yes no no yes no no yes
0.90 no no yes no no yes no yes yes no no yes

10-year Period
0.20 no no no no no no no no no no no no
0.30 no no yes no no no no no yes no no yes
040 no no yes no no no no yes yes no no yes
0.50 no yes yes no no yes no yes yes no yes yes
0.60 no yes yes no no yes no yes yes no yes yes
0.70 no yes yes no no yes yes yes yes no yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes
15-year Period

0.20 no no yes no no no no no yes no no no
0.30 no yes yes no no no no yes yes no yes yes
040 yes yes yes no no no yes yes yes no yes yes
0.50 yes yes yes no no yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes yes yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

%Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.

Note: In Situations where net returns from using sheep to control leafy spurge are negative, least-loss andysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled.
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Appendix Table D16. Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing with Sheep Leasing ($2.00 per head per month),
Seasonal Grazing Scenario ($12 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ ------ Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no no no no no
0.40 no no no no no no no no no no no no
050 no no no no no no no no no no no no
0.60 no no no no no no no no no no no no
0.70 no no yes no no no no no yes no no yes
0.80 no no yes no no no no no yes no no yes
0.90 no no yes no no no no no yes no no yes

10-year Period
0.20 no no no no no no no no no no no no
0.30 no no no no no no no no no no no no
0.40 no no yes no no no no no yes no no yes
0.50 no no yes no no no no no yes no no yes
0.60 no no yes no no yes no yes yes no yes yes
0.70 no no yes no no yes no yes yes no yes yes
0.80 no yes yes no yes yes no yes yes yes yes yes
0.90 no yes yes no yes yes no yes yes yes yes yes
15-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no no no no no
0.40 no no yes no no no no no yes no no yes
0.50 no yes yes no no no no yes yes no no yes
0.60 no yes yes no no yes no yes yes no yes yes
0.70 yes yes yes no no yes yes yes yes no yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes

Fenci ng costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $12.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss andysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled.
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Appendix Table D17. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Good
Management, Seasona Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover |nfestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~  -—---- Modify Fence ------  ------- New Fence ------- - Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 1186 1205 1250 1066 1085 1130 1513 1532 1576 1477 1496 1540
0.30 1191 1219 1286 1071 1099 1166 1517 1546 1612 1481 1510 1576
0.40 1195 1233 1322 1075 1113 1202 1522 1560 1649 1486 1524 1613
0.50 1200 1247 1359 1080 1127 1239 1527 1574 1685 1491 1538 1649
0.60 1205 1261 1395 1085 1141 1275 1531 1588 1721 1495 1552 1685
0.70 1209 1275 1431 1089 1155 1311 1536 1602 1757 1500 1566 1721
0.80 1214 1290 146.8 1094 1170 1348 1540 1616 1794 1504 1580 1758
0.90 1218 1304 1504 1098 1184 1384 1545 1630 1830 1509 1594 1794

10-year Period
0.20 1687 1733 180.3 1469 1515 1584 2104 2149 2219 2039 2084 2153
0.30 1716 1785 1889 1498 1566  167.1 2133 2200 2304 2067 2135 2238
0.40 1745 1836 197.6 1526 1618 1757 2161 2251 2389 2005 2185 2324
0.50 1774 1888 206.2 1555 1669 1843 2189 2302 2475 2123 2236 2409
0.60 1802 1940 2148 1584 1721 1930 217 233 2560 2152 2287 2494
0.70 1831 1991 2235 1612 1773 2016 245 2403 2645 2180 2338 2580
0.80 1860 2043 2321 1641 1824 2102 274 2454 2730 2208 2388 2665
0.90 1888 2094 240.7 1670 1876 2189 2302 2505 2816 2236 2439 2750
15-year Period

0.20 2036 2096 2167 1737 1796 1867 2550 2608 2679 2460 2518 2589
0.30 2101 2190 2298 1802 1890 1998 2613 2700 2806 2524 2610 2717
0.40 2167 2285 242.8 1867 1985 2128 2677 2792 2934 2587 2702 2844
0.50 2232 2379 255.8 1932 2079 2259 2740 2884 3062 2650 2794 2972
0.60 2297 2474 268.9 1997 2174 2389 2804 2976 3190 2714 2886 3100
0.70 2362 2568 2819 2062 2269 2519 2867 3068  33L7 2777 2979 327
0.80 2427 2663 294.9 2127 2363 2650 2030 3161 3445 2840 3071 3355
0.90 2492 2758 308.0 2192 2458 2780 2994 3253 3573 2904 3163 3483

“Fencing costs based on a 350-acre pasture. Returns discounted annualy at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs valued at $18.
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Appendix Table D18. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Good
Management, Seasond Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 1031 105.0 1094 834 85.3 89.8 139.2 1411 1455 1333 135.2 139.7
0.30 103.6 106.4 1131 839 86.7 934 139.7 1425 149.2 1338 136.6 1433
0.40 104.0 107.8 116.7 844 881 97.1 1401 1439 152.8 134.2 138.0 146.9
050 1045 109.2 1204 84.8 89.6 100.7 140.6 1453 156.4 134.7 1394 1505
0.60 104.9 1106 124.0 85.3 91.0 104.3 141.0 146.7 160.0 135.2 140.8 154.2
0.70 1054 1120 127.6 85.7 24 1080 1415 1481 1637 1356 1422 1578
0.80 105.9 1134 1313 86.2 938 111.6 142.0 1495 167.3 136.1 143.6 161.4
0.90 106.3 114.8 134.9 86.7 95.2 1152 1424 150.9 170.9 136.5 145.0 165.0

10-year Period
0.20 153.2 157.8 164.8 123.7 128.3 135.2 1984 2029 209.8 189.5 194.0 200.9
0.30 156.1 163.0 1734 126.6 1334 1439 201.2 207.9 2183 192.3 199.1 2095
0.40 159.0 168.1 182.0 1294 138.6 1525 204.0 2130 226.8 195.1 204.2 2180
050 161.8 1733 190.7 132.3 1438 161.2 206.8 218.1 2354 198.0 209.2 2265
0.60 164.7 1784 199.3 135.2 148.9 169.8 209.6 2232 2439 200.8 214.3 2351
0.70 167.6 183.6 207.9 1381 1541 1784 2125 2283 2524 203.6 2194 2436
0.80 1704 188.8 216.6 140.9 159.2 187.1 2153 2333 261.0 206.4 2245 2521
0.90 1733 1939 2252 1438 1644 195.7 2181 2384 2695 209.2 2295 260.6
15-year Period

0.20 1881 194.0 201.2 150.5 1564 163.6 242.9 2487 2558 2316 2374 2445
0.30 194.6 2035 2142 157.0 165.9 176.6 249.3 257.9 268.6 2380 246.6 257.3
0.40 201.1 2129 227.3 1635 1753 189.6 255.6 267.1 281.3 244.3 255.8 270.1
050 207.6 2224 240.3 170.0 184.8 202.7 261.9 276.3 294.1 250.7 265.1 282.8
0.60 2141 2319 2533 176.5 194.2 2157 268.3 285.6 306.9 257.0 274.3 295.6
0.70 220.6 241.3 266.4 183.0 203.7 2287 274.6 294.8 319.7 263.3 2835 3084
0.80 227.1 250.8 2794 189.5 2131 241.8 281.0 304.0 3324 269.7 292.7 3211
0.90 233.7 260.2 2925 196.0 222.6 254.8 287.3 3132 3452 276.0 3019 3339

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $18.
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Appendix Table D19. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Poor
Management, Seasond Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -17.4 -155 -111 -29.4 275 231 -84 6.5 20 -12.0 -10.1 5.6
0.30 -17.0 -14.1 74 -29.0 -26.1 -19.4 -79 5.1 16 -115 -8.7 20
0.40 -165 -127 -38 -285 -24.7 -158 -75 37 5.2 -111 73 16
050 -16.0 -113 -0.2 -280 -233 -12.2 -70 -2.3 88 -10.6 -59 52
0.60 -15.6 -9.9 35 -27.6 -21.9 -85 -6.5 -0.9 125 -10.1 -4.5 88
0.70 -15.1 -85 71 271 -205 -4.9 6.1 05 161 9.7 31 125
0.80 -147 71 10.7 -26.7 -19.1 -1.3 5.6 19 19.7 9.2 -17 161
0.90 -14.2 -5.7 144 -26.2 -17.7 24 -52 33 233 -88 -0.3 19.7

10-year Period
0.20 -26.7 -22.1 -15.2 -48.6 -44.0 -37.1 -95 -50 19 -16.1 -11.6 -4.7
0.30 -239 -17.0 -6.5 -45.7 -389 -284 -6.7 0.1 104 -133 -6.5 39
0.40 -21.0 -118 21 -42.9 -337 -198 -39 51 190 -104 -14 124
050 -18.1 -6.7 10.7 -40.0 -285 -111 -11 10.2 275 -7.6 37 209
0.60 -15.2 -15 194 -37.1 -234 -25 18 153 36.0 -4.8 87 295
0.70 -124 36 280 -34.2 -18.2 6.1 4.6 204 446 -20 138 380
0.80 -95 88 36.6 -314 -131 14.8 74 254 531 0.8 189 465
0.90 -6.6 14.0 453 -285 -79 234 10.2 305 61.6 37 240 55.1
15-year Period

0.20 -29.7 -23.7 -16.6 -59.6 -537 -46.6 -4.9 10 81 -14.0 -83 -11
0.30 -231 -14.3 -35 -531 -44.3 -335 16 103 21.0 =17 10 116
0.40 -16.6 -4.8 95 -46.6 -34.8 -205 80 19.6 339 -1.3 10.2 244
050 -10.1 46 225 -40.1 -253 -74 144 29.0 46.8 50 194 37.2
0.60 -36 14.1 356 -336 -159 56 20.8 383 59.7 113 286 499
0.70 29 235 486 -27.1 -6.4 18.6 27.2 476 72.6 17.7 37.8 62.7
0.80 94 330 61.6 -20.6 30 317 336 56.9 855 24.0 470 755
0.90 15.9 25 4.7 -14.1 125 447 40.0 66.3 984 304 56.3 88.3

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $18.
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Appendix Table D20. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Poor
Management, Seasonal Grazing Scenario ($18 per AUM)

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -326 -30.7 -26.3 -52.3 -504 -45.9 -20.2 -183 -138 -26.1 -24.2 -19.7
0.30 -322 -29.3 -22.6 -51.8 -49.0 -42.3 -19.7 -16.9 -10.2 -25.6 -22.8 -16.1
0.40 317 -279 -19.0 514 -47.6 -387 -19.3 -155 -6.6 -252 214 -125
050 -31.2 -26.5 -154 -50.9 -46.2 -350 -18.8 -14.1 -30 -24.7 -200 -89
0.60 -30.8 -25.1 -11.7 -504 -44.8 -314 -183 -12.7 0.7 -24.2 -18.6 -52
0.70 -30.3 -23.7 -8.1 -50.0 -434 -27.8 -17.9 -113 43 -238 -17.2 -1.6
0.80 -29.9 -22.3 -45 -49.5 -42.0 -24.1 -174 -9.9 79 -233 -15.8 20
0.90 -294 -20.9 -0.8 -49.1 -405 -20.5 -17.0 -85 115 -229 -14.4 56

10-year Period
0.20 -419 -37.3 -304 -714 -66.9 -59.9 -21.3 -16.8 -9.9 -30.2 -25.7 -18.7
0.30 -39.1 -322 -21.8 -68.6 -61.7 -51.3 -185 -117 -14 -27.3 -20.6 -10.2
0.40 -36.2 -27.0 -131 -65.7 -56.6 -42.6 -15.7 -6.6 72 -24.5 -155 -17
050 -333 -219 -45 -62.8 -514 -34.0 -12.8 -16 15.7 =217 -104 6.9
0.60 -304 -16.7 42 -60.0 -46.2 -254 -10.0 35 24.2 -189 -53 154
0.70 -27.6 -116 12.8 -57.1 411 -16.7 -7.2 86 32.8 -16.1 -0.3 239
0.80 -24.7 -6.4 214 -54.2 -359 -81 -4.4 13.7 41.3 -132 4.8 324
0.90 -21.8 -12 301 -514 -30.8 0.6 -1.6 18.7 49.8 -104 99 410
15-year Period

0.20 -44.9 -389 -31.8 -825 -76.6 -69.4 -16.8 -111 -39 -28.1 -22.3 -15.2
0.30 -383 -29.5 -18.7 -76.0 -67.1 -56.4 -105 -1.8 88 -21.8 -131 -25
0.40 -31.8 -20.0 5.7 -69.5 -57.7 -43.3 -4.1 74 216 -154 -39 103
050 -253 -10.6 7.3 -63.0 -48.2 -30.3 22 16.6 344 9.1 53 231
0.60 -18.8 -11 204 -56.5 -38.7 -17.3 85 258 47.1 2.7 145 359
0.70 -12.3 83 334 -50.0 -29.3 -4.2 14.9 35.0 59.9 36 237 486
0.80 -58 17.8 46.4 -435 -19.8 88 21.2 4.3 2.7 99 330 61.4
0.90 0.7 27.3 595 -37.0 -104 21.9 27.6 535 85.5 16.3 22 74.2

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $18.
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Appendix Table D21. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Good
Management, Rotational Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 1177 1196 1238 1031 1050 1092 1509 1527 1570 1465 1483 1526
0.30 1180 120.8 127.2 1035 106.3 112.6 151.2 154.0 1604 146.8 149.6 156.0
0.40 1184 121 1307 1038 1075 1161 1515 1553 1638 1472 1509 1594
0.50 1187 1234 134.1 1041 1088 1195 1519 1566  167.2 1475 1522 1628
0.60 1191 1247 1375 1045 1101 129 1522 1578 1706 1479 1535 1662
0.70 1194 1260 1409 1048 1114 1263 1526 1591 1740 1482 1547 1696
0.80 1198 127.3 144.3 105.2 112.7 129.7 152.9 1604 1774 148.6 156.0 1730
0.90 1201 1285 1477 1065 1140 1331 1533 1617 1808 1489 1573 1764

10-year Period
0.20 167.0 171.6 1784 1404 145.0 151.8 209.6 2141 220.8 201.6 206.1 2129
0.30 169.6 1765 186.7 143.0 149.9 160.1 212.2 2189 2291 204.2 211.0 2211
0.40 172.2 1814 195.0 145.7 154.9 1684 214.7 2238 237.3 206.8 2158 2293
050 174.9 186.4 203.3 148.3 159.8 176.8 217.3 2286 2455 209.3 220.7 2375
0.60 1775 1913 2117 1509 1647 1851 2199 2335 2537 2119 2255 2457
0.70 180.1 196.2 220.0 153.6 169.6 1934 2225 2383 2619 2145 2304 254.0
0.80 182.8 201.2 2283 156.2 174.6 2017 2251 2432 270.1 217.1 2352 262.2
0.90 1854 206.1 236.6 158.8 1795 2100 227.6 248.0 2784 219.7 240.0 2704
15-year Period

0.20 201.2 207.2 2142 164.8 170.7 177.7 2538 259.6 266.6 2429 248.7 255.6
0.30 2074 216.3 226.8 171.0 179.9 1904 259.8 2685 279.0 2489 257.6 268.0
0.40 2136 2255 2395 177.2 189.1 203.0 2659 2715 291.3 2549 266.5 2804
050 2198 234.6 2521 183.3 198.2 2157 2719 286.4 303.7 260.9 2754 292.8
0.60 226.0 2438 264.8 189.5 2074 2283 2779 2953 316.1 266.9 2844 305.2
0.70 2321 2530 2774 195.7 2165 241.0 2839 34.2 3285 2730 2933 317.6
0.80 2383 262.1 290.1 201.9 2257 2536 289.9 3131 3409 279.0 3022 3299
0.90 2445 271.3 302.7 208.0 234.8 266.3 2959 3220 3533 285.0 3111 3423

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $18.
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Appendix Table D22. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Good
Management, Rotational Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 1017 1036 1079 778 79.7 84.0 1386 1405 1448 1315 1333 1376
0.30 102.1 104.9 1113 78.2 810 874 139.0 141.8 148.2 1318 134.6 141.0
0.40 1024 106.2 114.7 785 823 90.8 139.3 1431 151.6 132.2 135.9 1444
0.50 1028 1074 1181 789 835 9.2 1397 1443 1550 1325 1372 1478
0.60 1031 108.7 1215 79.2 84.8 97.6 140.0 145.6 1584 132.9 1384 151.2
0.70 1035 1100 124.9 79.6 86.1 101.0 1404 146.9 161.8 133.2 139.7 154.6
0.80 103.8 111.3 128.3 79.9 874 1044 140.7 148.2 165.2 133.6 141.0 158.0
0.90 104.2 112.6 1318 80.3 88.7 107.9 1411 1495 168.6 1339 142.3 161.4

10-year Period
0.20 1510 1556 1624 1151 1197 1265 1974 2019 2086 1866 1911 1979
0.30 1537 160.5 170.7 117.8 124.6 134.8 200.0 206.7 2169 189.2 196.0 206.1
0.40 156.3 1655 1791 1204 129.6 143.2 2025 211.6 2251 191.8 200.8 214.3
050 158.9 1704 1874 1230 1345 1515 205.1 2164 2333 194.3 205.7 2225
0.60 1615 1753 195.7 1256 1394 1598 2077 2213 2415 1969 2105 2307
0.70 164.2 180.3 204.0 128.3 1444 168.1 2103 226.1 249.7 1995 2154 2389
0.80 166.8 185.2 212.3 130.9 149.3 176.4 2129 231.0 2579 202.1 220.2 247.2
0.90 1694 190.1 220.7 1335 154.2 184.8 2154 2358 266.2 204.7 2250 2554
15-year Period

0.20 185.3 191.2 198.2 1395 1455 1525 241.6 2474 2544 2279 2337 240.6
0.30 1914 2004 2109 145.7 154.6 165.1 247.6 256.3 266.7 2339 242.6 2530
0.40 197.6 2095 2235 151.9 163.8 177.8 2536 265.3 279.1 2399 2515 2654
050 203.8 2187 236.2 158.0 172.9 1904 259.7 274.2 2915 2459 2604 2778
0.60 2100 227.8 2488 164.2 1821 2031 265.7 2831 3039 2519 2694 290.2
0.70 216.2 237.0 2615 1704 191.2 2157 2717 2920 316.3 258.0 278.3 302.6
0.80 222.3 246.1 274.1 176.6 2004 2284 2717 300.9 3287 264.0 287.2 314.9
0.90 2285 255.3 286.8 182.8 2095 241.0 283.7 309.8 311 270.0 296.1 327.3

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $18.
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Appendix Table D23. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Poor
Management, Rotational Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -184 -16.5 -12.2 -329 -311 -26.8 -88 -70 -2.7 -132 -11.3 -7.1
0.30 -18.0 -15.2 -88 -32.6 -29.8 -234 -85 -5.7 0.7 -12.8 -10.1 -37
0.40 -17.7 -139 -54 -323 -285 -20.0 -8.1 -4.4 41 -125 -88 -0.3
050 -17.3 -12.6 -20 -31.9 -271.2 -16.6 -7.8 -31 75 -12.2 -75 31
0.60 -17.0 -114 14 -316 -25.9 -132 74 -18 109 -11.8 6.2 6.5
0.70 -16.6 -10.1 4.8 312 -24.7 97 71 06 14.3 -115 -4.9 99
0.80 -16.3 -88 83 -30.9 -234 -6.3 -6.7 0.7 17.7 -111 -37 133
0.90 -159 -75 11.7 -30.5 2.1 -2.9 -6.4 20 211 -10.8 -24 16.8

10-year Period
0.20 -285 -239 -17.1 -55.1 -50.5 -43.7 -104 -5.9 09 -184 -138 -7.1
0.30 -259 -19.0 -88 -524 -455 -354 -7.8 -1.0 91 -15.8 -9.0 11
0.40 -232 -140 -05 -49.8 -40.6 -27.0 -52 38 17.3 -132 -4.1 9.3
050 -20.6 -9.1 79 472 -36.7 -18.7 -2.6 8.7 255 -10.6 0.7 17.6
0.60 -18.0 -4.2 16.2 -44.6 -30.8 -104 -0.1 135 338 -80 56 258
0.70 -153 0.8 24.5 -41.9 -25.8 -21 25 184 420 -54 104 34.0
0.80 -12.7 57 328 -39.3 -209 6.3 51 232 50.2 -29 15.2 122
0.90 -10.1 10.6 412 -36.7 -16.0 14.6 7.7 281 584 -0.3 201 504
15-year Period

0.20 -321 -26.1 -19.1 -68.5 -62.6 -55.6 -6.2 -04 6.5 -17.1 -11.3 -4.4
0.30 -259 -17.0 -6.5 -62.3 -534 -42.9 -0.2 85 189 -11.1 -24 80
0.40 -19.7 -7.8 6.2 -56.1 -44.2 -30.3 58 174 313 51 6.5 204
050 -135 14 188 -50.0 -36.1 -17.6 118 26.3 437 09 154 328
0.60 -7.3 105 315 -43.8 -259 -50 17.9 353 56.1 6.9 24.3 452
0.70 -1.2 19.7 4.1 -37.6 -16.8 1.7 239 44.2 68.5 12.9 332 575
0.80 50 288 56.8 -314 -7.6 20.3 299 531 80.9 19.0 22 69.9
0.90 11.2 38.0 69.4 -25.3 15 33.0 359 62.0 93.2 25.0 511 82.3

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $18.
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Appendix Table D24. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Poor
Management, Rotational Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -34.0 -321 -27.9 -579 -56.0 -51.8 -20.7 -189 -14.6 -27.9 -26.0 -21.8
0.30 -337 -30.9 -24.5 -57.6 -54.8 -484 -204 -17.6 -112 -27.6 -24.8 -184
0.40 -333 -29.6 -21.0 -57.2 -535 -44.9 -20.0 -16.3 -7.8 -27.2 -235 -150
050 -330 -28.3 -17.6 -56.9 522 -415 -19.7 -150 -44 -26.9 -22.2 -116
0.60 -326 -27.0 -14.2 -56.5 -50.9 -38.1 -194 -138 -1.0 -26.5 -209 -8.2
0.70 -323 -25.7 -10.8 -56.2 -49.6 -34.7 -19.0 -125 24 -26.2 -19.7 -4.8
0.80 -319 -24.4 74 -55.8 -48.3 -31.3 -187 -11.2 5.8 -25.8 -18.4 -14
0.90 -31.6 -231 -4.0 -555 471 -27.9 -183 -9.9 9.2 -255 -17.1 20

10-year Period
0.20 -44.1 -395 -32.7 -80.0 -754 -68.6 -22.3 -17.8 -110 -331 -285 -21.8
0.30 -415 -34.6 -24.4 -774 -705 -60.3 -19.7 -129 -2.8 -30.5 -237 -136
0.40 -389 -29.7 -16.1 -74.8 -65.6 -52.0 -17.1 -81 54 -27.9 -189 -54
050 -36.2 -24.8 -7.8 =721 -60.7 -43.7 -14.6 -32 136 -25.3 -14.0 28
0.60 -336 -198 05 -69.5 -55.7 -354 -12.0 16 21.8 -22.7 -9.2 111
0.70 -31.0 -149 89 -66.9 -50.8 -27.0 -94 6.5 30.0 -20.2 -4.3 193
0.80 -284 -10.0 17.2 -64.2 -459 -18.7 -6.8 113 383 -17.6 05 215
0.90 -25.7 50 255 -61.6 -40.9 -104 -4.2 161 465 -15.0 54 357
15-year Period

0.20 477 -41.8 -34.8 -935 -875 -80.5 -18.1 -12.3 -54 -31.8 -26.0 -19.1
0.30 -415 -32.6 -22.1 -87.3 -784 -67.9 -12.1 -34 7.0 -25.8 -17.1 -6.7
0.40 -363 -234 -95 -81.1 -69.2 -55.2 -6.1 55 194 -19.8 -82 57
050 -29.2 -14.3 32 -74.9 -60.1 -42.6 -0.1 144 318 -138 0.7 181
0.60 -230 -51 15.8 -68.7 -50.9 -29.9 59 233 442 -7.8 9.6 304
0.70 -16.8 40 285 -62.6 417 -17.3 119 323 56.6 -1.8 185 428
0.80 -10.6 132 411 -56.4 -326 -4.6 180 412 68.9 42 274 55.2
0.90 -4.5 22.3 53.8 -50.2 -234 8.0 24.0 50.1 81.3 10.2 36.4 67.6

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $18.
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Appendix Table D25. Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Poor Management, Seasonal
Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no yes no no yes
0.30 no no yes no no no no no yes no no yes
0.40 no no yes no no no no yes yes no no yes
0.50 no no yes no no yes no yes yes no yes yes
0.60 no no yes no no yes no yes yes no yes yes
0.70 no yes yes no no yes no yes yes no yes yes
0.80 no yes yes no no yes no yes yes no yes yes
0.90 no yes yes no no yes no yes yes no yes yes

10-year Period
0.20 no no yes no no no no yes yes no no yes
0.30 no no yes no no no yes yes yes no yes yes
0.40 no yes yes no no yes yes yes yes yes yes yes
0.50 no yes yes no no yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes
15-year Period

0.20 no no yes no no no yes yes yes no yes yes
0.30 no yes yes no no yes yes yes yes yes yes yes
0.40 yes yes yes no yes yes yes yes yes yes yes yes
0.50 yes yes yes no yes yes yes yes yes yes yes yes
0.60 yes yes yes yes yes yes yes yes yes yes yes yes
0.70 yes yes yes yes yes yes yes yes yes yes yes yes
0.80 yes yes yes yes yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs valued at $18.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss analysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled.
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Appendix Table D26. Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Poor Management, Seasonal
Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no yes no no no
040 no no no no no no no no yes no no yes
0.50 no no yes no no no no no yes no no yes
0.60 no no yes no no no no no yes no no yes
0.70 no no yes no no no no no yes no no yes
0.80 no no yes no no yes no yes yes no no yes
0.90 no no yes no no yes no yes yes no no yes

10-year Period
0.20 no no no no no no no no yes no no no
0.30 no no yes no no no no yes yes no no yes
040 no no yes no no no no yes yes no yes yes
0.50 no yes yes no no yes yes yes yes no yes yes
0.60 no yes yes no no yes yes yes yes no yes yes
0.70 no yes yes no no yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes
15-year Period

0.20 no no no no no no no yes yes no no yes
0.30 no yes yes no no no yes yes yes no yes yes
040 no yes yes no no yes yes yes yes yes yes yes
0.50 yes yes yes no yes yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes yes yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $18.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss andysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled.
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Appendix Table D27. Least-loss Analysis of the Control of Leafy Spurge Using Sheep Grazing, Under the No Debt, Poor Management, Rotational
Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no yes no no no
0.30 no no yes no no no no no yes no no yes
040 no no yes no no no no yes yes no no yes
0.50 no no yes no no yes no yes yes no no yes
0.60 no no yes no no yes no yes yes no yes yes
0.70 no no yes no no yes no yes yes no yes yes
0.80 no yes yes no no yes no yes yes no yes yes
0.90 no yes yes no no yes no yes yes no yes yes

10-year Period
0.20 no no yes no no no no yes yes no no yes
0.30 no no yes no no no yes yes yes no yes yes
040 no yes yes no no yes yes yes yes no yes yes
0.50 no yes yes no no yes yes yes yes yes yes yes
0.60 no yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes
15-year Period

0.20 no no yes no no no yes yes yes no yes yes
0.30 no yes yes no no no yes yes yes yes yes yes
040 yes yes yes no no yes yes yes yes yes yes yes
0.50 yes yes yes no yes yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes yes yes yes yes yes yes yes yes yes
0.80 yes yes yes yes yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $18.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss andysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled.
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Appendix Table D28. Least-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing, Under the With Debt, Poor Management,
Rotational Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no no no no no
0.40 no no no no no no no no yes no no no
0.50 no no no no no no no no yes no no yes
0.60 no no yes no no no no no yes no no yes
0.70 no no yes no no no no no yes no no yes
0.80 no no yes no no no no no yes no no yes
0.90 no no yes no no yes no yes yes no no yes

10-year Period
0.20 no no no no no no no no yes no no no
0.30 no no yes no no no no yes yes no no yes
040 no no yes no no no no yes yes no yes yes
0.50 no yes yes no no no no yes yes no yes yes
0.60 no yes yes no no yes yes yes yes no yes yes
0.70 no yes yes no no yes yes yes yes no yes yes
0.80 no yes yes no no yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes
15-year Period

0.20 no no no no no no no yes yes no no yes
0.30 no no yes no no no yes yes yes no yes yes
040 no yes yes no no no yes yes yes yes yes yes
0.50 yes yes yes no no yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $18.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss andysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled.



8TT

Appendix Table D29. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing with Sheep Leasing ($1.00 per
head per month), Seasonal Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -17.6 -157 -112 -320 -30.1 -25.6 -149 -130 -85 -17.8 -159 -114
0.30 -17.1 -14.3 -76 -315 -28.7 -220 -14.4 -116 -4.9 -17.3 -145 -7.8
0.40 -16.7 -129 -4.0 -311 -27.3 -184 -14.0 -10.2 -1.3 -16.8 -131 -4.2
050 -16.2 -115 -0.3 -30.6 -259 -14.7 -135 -88 23 -164 -11.7 -0.6
0.60 -157 -10.1 33 -30.1 -245 111 -13.0 74 6.0 -159 -10.3 31
0.70 -15.3 -8.6 7.0 -20.7 -230 -75 -12.6 -6.0 9.6 -155 -89 6.7
0.80 -14.8 -7.2 10.6 -29.2 -21.6 -38 -12.1 -4.6 132 -15.0 -75 103
0.90 -14.3 -58 14.2 -28.7 -20.2 -0.2 -11.7 -32 16.8 -14.6 -6.1 139

10-year Period
0.20 -22.6 -180 -111 -48.9 -44.3 -37.3 -17.8 -133 -6.4 -231 -185 -116
0.30 -19.8 -129 -24 -46.0 -39.1 -28.7 -15.0 -8.2 21 -20.2 -135 -31
0.40 -16.9 =17 6.2 -43.1 -34.0 -20.0 -12.2 -31 10.7 -174 -84 54
050 -14.0 -2.6 14.8 -40.3 -28.8 -114 -9.3 19 19.2 -14.6 -33 140
0.60 -11.1 26 235 -374 -236 -2.8 -6.5 7.0 217 -11.8 18 225
0.70 -83 1.7 321 -345 -185 59 -37 121 36.3 -9.0 6.8 31.0
0.80 -54 12.9 40.7 -31.6 -133 145 -09 17.2 448 -6.1 119 395
0.90 -25 181 494 -28.8 -82 231 19 2.2 53.3 -33 17.0 481
15-year Period

0.20 -24 -16.5 -94 -584 -525 -45.3 -16.0 -10.3 -32 -232 -175 -104
0.30 -159 =71 37 -51.9 -43.0 -323 -9.7 -11 9.6 -16.9 -83 24
0.40 -94 24 16.7 -454 -336 -193 -34 82 24 -10.6 10 15.2
050 -2.9 118 29.7 -389 -24.1 -6.2 30 174 3H.1 -4.2 10.2 279
0.60 36 21.3 428 -324 -14.7 6.8 9.3 26.6 479 21 194 40.7
0.70 101 30.7 55.8 -25.9 -52 19.8 15.7 35.8 60.7 85 286 535
0.80 16.6 40.2 68.9 -194 42 329 220 450 735 14.8 37.8 66.3
0.90 231 497 819 -12.9 13.7 459 28.3 54.2 86.2 211 47.0 79.0

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $18.
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Appendix Table D30. Long-term Net Returns Per Acre from the Control of Leafy Spurge Using Sheep Grazing with Sheep Leasing ($2.00 per
head per month), Seasonal Grazing Scenario ($18 per AUM)

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ ------ Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 -32.7 -30.8 -26.3 471 -45.2 -40.8 -30.0 -28.1 -23.7 -329 -31.0 -26.6
0.30 -322 -294 -22.7 -46.6 -438 -37.1 -295 -26.7 -20.0 -324 -29.6 -22.9
0.40 -31.8 -28.0 -19.1 -46.2 424 -335 -29.1 -253 -164 -320 -28.2 -193
050 -31.3 -26.6 -154 -45.7 -41.0 -29.8 -286 -239 -12.8 -315 -26.8 -15.7
0.60 -30.9 -25.2 -11.8 -45.3 -39.6 -26.2 -28.2 -225 -9.2 -311 -254 -12.1
0.70 -304 -238 -8.2 -44.8 -38.2 -22.6 =217 -21.1 -55 -30.6 -24.0 -84
0.80 -29.9 -224 -45 -44.3 -36.8 -189 -27.3 -19.7 -19 -30.1 -22.6 -4.8
0.90 -295 -21.0 -09 -439 -354 -153 -26.8 -183 17 -29.7 -21.2 -12

10-year Period
0.20 -44.8 -40.3 -333 -854 -795 -724 -40.0 -355 -28.6 -50.3 -445 -374
0.30 -42.0 -35.1 -24.7 -789 -70.1 -50.3 -37.2 -304 -20.1 -439 -363 -24.6
0.40 -39.1 -29.9 -16.0 =124 -60.6 -46.3 -34.4 -254 -115 -37.6 -26.1 -119
050 -36.2 -24.8 -14 -65.9 -51.2 -333 -31.6 -20.3 -30 -31.2 -16.9 09
0.60 -334 -19.6 12 -504 417 -20.2 -28.7 -15.2 55 -24.9 -7.6 13.7
0.70 -305 -145 99 -529 -323 -7.2 -259 -10.1 140 -18.6 16 265
0.80 -27.6 -9.3 185 -46.4 -22.8 59 -231 -51 226 -12.2 108 39.2
0.90 -24.8 -4.2 27.2 -39.9 -133 189 -20.3 0.0 311 -59 20.0 52.0
15-year Period

0.20 24 -16.5 -94 -854 -795 =724 -16.0 -10.3 -32 -50.3 -445 -374
0.30 -159 =71 37 -789 -70.1 -50.3 -9.7 -11 9.6 -439 -363 -24.6
0.40 -94 24 16.7 =124 -60.6 -46.3 -34 82 224 -37.6 -26.1 -119
050 -29 118 29.7 -65.9 -51.2 -333 30 174 3H.1 -31.2 -16.9 09
0.60 36 213 428 -59.4 -41.7 -20.2 93 26.6 479 -24.9 -76 137
0.70 10.1 307 55.8 529 -32.3 7.2 157 358 60.7 -18.6 16 265
0.80 16.6 40.2 68.9 -46.4 -28 59 20 450 735 -122 108 302
0.90 23.1 49.7 819 -39.9 -13.3 189 28.3 54.2 86.2 -5.9 20.0 52.0

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs valued at $18.
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Appendix Table D31. Least-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing with Sheep Leasing ($1.00 per head per month),
Seasonal Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no yes no no no no no yes no no yes
040 no no yes no no no no no yes no no yes
0.50 no no yes no no yes no no yes no no yes
0.60 no no yes no no yes no yes yes no no yes
0.70 no yes yes no no yes no yes yes no yes yes
0.80 no yes yes no no yes no yes yes no yes yes
0.90 no yes yes no no yes no yes yes no yes yes

10-year Period
0.20 no no yes no no no no no yes no no yes
0.30 no yes yes no no no no yes yes no yes yes
040 no yes yes no no yes no yes yes no yes yes
0.50 yes yes yes no no yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes no yes yes yes yes yes yes yes yes
0.90 yes yes yes no yes yes yes yes yes yes yes yes
15-year Period

0.20 no yes yes no no no no yes yes no yes yes
0.30 yes yes yes no no yes yes yes yes yes yes yes
040 yes yes yes no yes yes yes yes yes yes yes yes
0.50 yes yes yes no yes yes yes yes yes yes yes yes
0.60 yes yes yes yes yes yes yes yes yes yes yes yes
0.70 yes yes yes yes yes yes yes yes yes yes yes yes
0.80 yes yes yes yes yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs vaued at $18.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss andysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled.
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Appendix Table D32. Least-loss Andysis of the Control of Leafy Spurge Using Sheep Grazing with Sheep Leasing ($2.00 per head per month),
Seasonal Grazing Scenario ($18 per AUM)a

50-acre Infestation 250-acre Infestation
Infestation Canopy Cover Infestation Canopy Cover

Carrying Low Medium High Low Medium High Low Medium High Low Medium High
Capacity ~ -—---- Modify Fence ------  ------- New Fence -------  ------ Modify Fence ------  ------- New Fence -------
AUMs/acre 5-year Period

0.20 no no no no no no no no no no no no
0.30 no no no no no no no no no no no no
0.40 no no no no no no no no no no no no
0.50 no no yes no no no no no yes no no yes
0.60 no no yes no no no no no yes no no yes
0.70 no no yes no no yes no no yes no no yes
0.80 no no yes no no yes no no yes no no yes
0.90 no no yes no no yes no no yes no no yes

10-year Period
0.20 no no yes no no no no no yes no no no
0.30 no yes yes no no no no yes yes no no yes
040 no yes yes no no yes no yes yes no yes yes
0.50 yes yes yes no no yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes yes yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes
15-year Period

0.20 no no no no no no no no no no no no
0.30 no no yes no no no no yes yes no no yes
040 no yes yes no no yes no yes yes no yes yes
0.50 yes yes yes no no yes yes yes yes yes yes yes
0.60 yes yes yes no yes yes yes yes yes yes yes yes
0.70 yes yes yes no yes yes yes yes yes yes yes yes
0.80 yes yes yes yes yes yes yes yes yes yes yes yes
0.90 yes yes yes yes yes yes yes yes yes yes yes yes

“Fencing costs based on a 350-acre pasture. Returns discounted annually at 4 percent. Low, medium, and high rates of leafy spurge canopy cover
trandate to about 17, 50, and 100 percent reductions in cattle grazing within the leafy spurge infestations, respectively. AUMs valued at $18.

Note: In situations where net returns from using sheep to control leafy spurge are negative, least-loss andysis indicates if using sheep grazing to
control leafy spurge would result in less economic loss than if the leafy spurge infestation was left uncontrolled.



