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ABSTRACT

ALTERNATIVE TILLAGE SYSTEMS FOR CORN
PRODUCTION IN MICHIGAN

By

Shapoor Rowshan

Different forms of conservation tillage systems
have been developed in recent years to reduce soil and
water erosion problems which result when a conventional
tillage/planting system is used. Conventional tillage
normally refers to a full or maximum tillage program,
while Conservation tillage, in contrast, is a form of non-
inversion tillage which reduces soil and water loss.
Conservation tillage has been encouraged in the Sagniaw Bay
watershed by a cost-share program administered by the
Agricultural Stabilization and Conservation Service
(AsCS). This study was conducted to determine the impact
of conventional and conservation tillage systems for corn
production when related to erosion, machinery, labor, and
timeliness costs.

Computer models were developed based upon the
constraints at the farm level. Machinery, agronomic, and
economic proper sets of data were collected and used for
development of the models. A machinery replacement model
analyzed the economic feasibility of a conservation tillage

system through determining the switching and trading times



when switching from a conventional to a conservation
tillage system. Linear programming models were also
formulated to determine the optimum machinery sets for
commercial corn tillage systems and as input set of data
for the machinery replacement model. The extra amount of
corn residues on the soil surface can be reduced by an
optimizing linear programming model.

The economics and cost advantages of chisel plow
tillage systems were compared to conventional systems for
common crop rotations.

The results indicate that conservation tillage systems
have economic advantages to farmers. This can be, for
example, indicated by the machinery replacement model
presenting that conventional tillage systems are not
profitable for farmers to continue due to higher machinery
costs and the reduction in soil productivity from soil

erosion.

Approved

Major Mrofiess

Approved




BOREWINTS

¥ WOuld like to expreke wy siecs naeEs b 9dd :
helype ¢ % " oy v | |
wh and writing - To My Mother “ it ;. Wy 4 1!

. 2 A
t Y ] v ‘
: s s il

‘ friendehip, ans . "y y cxne IR )

! -y graduate progoss
‘9 b wctation. R e
y e
QTP &3 T (SR ™ Y A
MQ.I‘V!.IO!, for his wslawiiis S R ER. i)

m 1ot development ot & v

t- thanks are axbamiud = A wt‘»g uuﬂh'
LAy g
ALy for his velusbie aifesin AN ».mn@g”\g

 throughout. this vk,
folnes

!y wuu thanka oo Ry, fesgse m mnu« - 3




ACKNOWLEDGEMENTS

I would like to express my sincere thanks to all
individuals who helped and encouraged me towards my
research and writing of this dissertation. Foremost, my
major professor, Dr. Larry J. Segerlind, for his
motivation, friendship, and willingness to always help
during my graduate program and on the course of this
dissertation.

Grateful thanks are extended to Dr. J. Roy Black,
Project Supervisor, for his valuable help and constructive
suggestions for development of this research.

Sincere thanks are extended to Dr. Robert Wilkinson,
Co-advisor, for his valuable efforts and encouraging
directions throughout this work.

I extend my warm thanks to Dr. Donald O. Meaders for
his interest and willingness, being on my guidance
committee, his guidance and encouraging comments for

developing and improving this dissertation.

134



TABLE OF CONTENTS

TR Tablo®8 STQVERS o o v o o o ¢ o o v o s v o o
LIStIOF FIUUT®BICELON ¢ ¢ o o o o o o o v o v s v o »

*® <

CHAPTER 1. . INTRODUCTION :“% ¢« « o s o o« o o » o o o o L |
CHAPTER 2. OBJECTIVES ¢ ¢ c o s“e”0e' s o o o o o s o o 5
CHAPTER 3. LITERATURE REVIEW:. ¢ ¢ o« ¢ ¢ o o o o o o &« 7
3+1 ;Conventional Tillage . . « ¢« ¢ ¢ « o o & & o 7

BEE SPLANCARY DAER.CGNCLUSIONS, o« v « « o » = o « 201

BB  PMRLrPOPULALION ¢ o« v « o & » s v = s s = » 212

8.4 TortilitersApplication . . « « ¢« ¢« « o = = « 216

Bs3 DBhiweldng:Sye8tem’c: . ithn s 523035k « « » « 224

3.6 'No-tillage System. « ¢« . ¢ « ¢ ¢ ¢ o oo o . 268

3.7 Weed Control . . o (ol hesl Fa ittt ot Yo lite e M CERSRFCHIN D

3.8 1Insects and steases ol o ROUTEIAG CONE. . . . 33
CHAPTER 4. LINEAR PROGRAMMING MODEL . . . . « « « « . 36
MR Wntroduction .« ¢« ¢« ¢« ¢« ¢ o o s ¢ o o0 s s o 36

4.2 Model Formulation. . . . . . 40
4.2.1 Objective Punctlon Coef£1c1ents ¢ &~ 28T

452,2  Model Constraints . . . . o « &t e, e

4.2.3 Variable Coefficients . . . . . . . . 79

4.3 Power Requirement. . . . . . ¢ o s o« oo e . 80

4.4 "Model ReSULES. . « « « « « o ¢ o o o o o o « 85

4.5 Timeliness Costs . . . « « « ¢ o ehiet on eitiad 90
CHAPTER 5. MACHINERY REPLACEMENT MODEL. . . . . «. . . 98
SUITEMOBEL DABCLIPEION. « « « o v s o o« o o o = » 298
S.ESY  Program TRDMACH . .. o 'a win » oe s 100

5.1.2 Subroutine EROS « « ¢ ¢ o o ¢ o o o o 103
SU2EANOAR)Y: BYUALIONSIDLL o JIHILELINS SLNGE, o . 104
S¢3'"Model Parameters . « <« « ¢ ¢ ¢ ¢ ¢ o o o o o 109

Bk = N0del INPULS . . o 00 4 s e v 6o nlee e 2LS

SRBK Wodel AssumptionS. ¢« ¢ ¢ ¢ ¢ o ¢ o ¢ o o o o 126
BLUGEAMOASIC ROSULES HUOLL, JLORINFLING Jit, « o 127
SCTTEBenSitivity ' Analysis « « « o « o« ¢ o v o o 133

L T TS R SRS SR PR S e il e e 1 |

iv




CHAPTER 6.

6.1
6.2 Multiple Crop Machxnery Selectlon. .

IMPACT OF CONVENTIONAL AND CHISELING

TILLAGE SYSTEMS ON MACHINERY SIZE FOR
COMMON CROP ROTATIONS. .
Introduction . . .

6.2.1 Machinery Selection
6.2.2 Farm Parameters . .
2.3 Economic Parameters

6.2.4 Machine Parameters.
6.3 Results and Discussion . .

6.

CHAPTER 7.

CORN STOVERS . .

ikwks Introduction . . . :
7.2 Model. . . .

7.

2.1 Const:axnts .

7.2.2 Objective Function.

7.
7.3
7.4
CHAPTER 8.
8.1
8.2
8.

APPENDIX A

MACHINERY REPLACEMENT MODEL:
AND DEFINITIONS VARIABLES

APPENDIX B
LINEAR
SYSTEM

APPENDIX C
LINEAR
SYSTEM

APPENDIX D
LINEAR
SYSTEM

APPENDIX E
LINEAR
SYSTEM

APPENDIX F
LINEAR
SYSTEM

2.3 Variable Coefficient
Solution to the Model. . .
Sensitivity Analysis . . .

SUMMARY AND CONCLUSIONS.

SUMMArY. ¢ ¢ o o o o
Conclusions. . .
3 Recommendations for Puture

PROGRAMMING MODEL:
AND COARSE SOIL. .

PROGRAMMING MODEL:
AND MEDIUM SOIL. .

PROGRAMMING MODEL:
AND FINE SOIL. . .

PROGRAMMING MODEL:
AND COARSE SOIL. .

PROGRAMMING MODEL:
AND MEDIUM SOIL. .

Algorithm

Research.

FORTRAN CODE

CONVENTIONAL TILLAGE

CONVENTIONAL TILLAGE

CONVENTIONAL TILLAGE

CHISELING TILLAGE

CHISELING TILLAGE

138
138

139
139
139
140
140

168
168
169
169
178
191
198
198

202
202
207
208

210

217

220

223

226

229



APPENDIX G
LINEAR PROGRAMMING MODEL: CHISELING TILLAGE

SYSTEM AND FINE SOIL. « « o « o o o o o« o o o o o 232
APPENDIX H

LINEAR PROGRAMMING MODEL: NO-TILLAGE SYSTEM

IR COARBE SOIL o ¢« o 4 o o 6.0 ¢ o o o o o 6 o o 235
APPENDIX I

LINEAR PROGRAMMING MODEL: NO-TILLAGE SYSTEM
AND MEDIUM SOIL . « « o « o o s o ¢ ¢ o o o o s o 237

APPENDIX J
LINEAR PROGRAMMING MODEL: NO-TILLAGE SYSTEM
DMDRINR, SOTE. o 0 5 0ats *artd OO0 o Pod Pap ¢ o 239

APPENDIX K
LINEAR PROGRAMMING MODEL: CORN STOVER SYSTEM . . 241

EEERBEINUED . 55 6.0 5 0 o o ‘o 0 s s o o o e ointiete et 242

vi




LIST OF TABLES

Table 4.1 Machinery Speeds and Capacities for

CHE CORTWe S01k. *c *o *c "o %o "o s o "o s %o ¥s
Table 4.2 Machinery Speeds and Capacities for

che VA 10N 'Sofl -OF, FRIR ¥ieh BVS, Snaiig
Table 4.3 Machinery Speeds and Capacities for

TS I GOTE, NRCHZPeLY, Lasse, 584, . . .
Table 4.4 Projected System Costs (Coarse Soils). .
Table 4.5 Projected System Costs (Medium Soils). .
Table 4.6 Projected System Costs (Fine Soils). . .
Table 4.7 Estimated Costs for Tractors . . . . . .
Table 4.8 Draft and Power Requirement Parameters

FOT “Chie YCOALHE "SO1 LE™{h - FRimGg (Rl s 858, o
Table 4.9 Draft and Power Requirement Parameters

FOr ‘the Medlum SoiT: oot Jiooisois e &t e
Table 4.10 Draft and Power Requirement Parameters

LOBAERE M PERG LOOLL, »s <, vo 80 %ars T o 20 Fo "o
Table 4.11 Economic Parameters of Machines. . . . .
Table 4.12 The Maximum Annual Coverable Land

(Hectares) in a Suitable Time Period . .
Table 4.13 Total Suitable Days of Field Operations

49

51

53
55
L3
59
61

62

64

66
68

74

on Three Soil Types and Three Probability
Levels (in Bad Axe Michigan) . . . . . . .

Table 4.14 Total Suitable Hours for Field Operations

on Three Soil Types and Three Probability
Levels (in Bad Axe Michigan) . . . . . . .

vii



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

4.15

4.16

4.17

4.18

Labor Hours Used for Operations in
Different Years in Michigan. . . . . . . .

The Optimum Number of Machines for a

400 Hectare Conventional Corn Farm with
80% Weather Probability Level and Three
S611: THpERt). D SIWNIW IR e v o 0 o v v W

The Optimum Number of Machines for a

400 Hectare Chiseling Corn Farm with 80%
Weather Probability Level and Three
BOLIATYPRE « v « ¢« « v« « v v v % v s v % &

The Optimum Number of Machines for a 400
Hectare No-Till Corn Farm with 80% Weather
Probability Level and Three Soil Types . .

Average Annual Machinery Costs for
Three Tillage Systems. . . . . « ¢« ¢ ¢ & .

The Daily Planting Timeliness Cost for
Chiseling System After May 4 (400
Hectares).oni, °L 3 Jliieiae o% o' e o o
The Daily Planting Timeliness Cost for
Chiseling System After May 4 (400
HeCtares) ol ofs ol JR0iiih % oieh e o
The Daily Planting Timeliness Cost for
the No-Till System After May 4 (400
RECCRLOE) .2 v o o o aso i teiunios o Tesliedus Sutey
The Daily Harvesting Timeliness Cost for
Two Different Combines After October

24 (400 HectaresS). o« « « o o o o o o o o &
Machine Initial Cost and Repair Factors. .
Economic Parameters. . . « « « « ¢ ¢ ¢ o o
ColesSUBeds £ori SDIITYPOB. A5 % Wil « »

Critical Bulk Densities for Each Family
Texture ClaSS. « o « « s o o o o o o o o @

Coefficients of Equations Used for
Calculating Sufficiency of Bulk Density. .

viii

78

87

88

89

91

93

94

95

96
110
111
112

113

114




Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

5.6

5.7

5.9

5.10

5.11

5.13

5.14

Adjustment Factors for Calculating
Sufficiency of Bulk Density. . . . . . . .

Soil Weighting Factors for 100 Centimeters
ORSUTT T RUETE to S ve in ¢ Madtteritds Pttt

Characteristics of Shebeon Loam Soil
(0-2% Slope) in Saginaw Bay. . . « « « «

A Machinery Set Used for a Continuous
Corn Rotation when Switching from
Conventional to No-Till System (150
RECIEYEB) " o o fc o s e Yo o o orThr el el

A Conventional Set of Machines Used
in a Continuous Corn Rotation (150
HOCEQTQR) , o0 o o o o o o s oo oo SIS IRS

A Set of Machines Used for a Corn, Navy
Bean, Sugar Beet Rotation when Switching
from Conventional to the Chiseling System
(I HEUEREGB) o 7e o o o o ooler S TR

A Conventional Set of Machines Used for
Corn, Navy Bean, Wheat, Sugar Beet
ROEATION “(SUD" HECENEGK) e e e ¢

A Conventional Set of Machines Used for

a Corn, Navy Bean, Sugar Beet Rotation
when Switching from Conventional to the
Chiseling System (500 Hectares). . . . . .

A Conventional Set of Machines Used for
a Corn, Navy Bean, Sugar Beet Rotation
(U0 BRCERTEB) o) o0 o audecion shalh el o o ‘s

Erosion Parameters for Shebeon Loam
Soil (0-2% Slope) in Saginaw Bay . . . . .

Machinery Costs and Replacement Times

for a Conventional or a Modified No-

Till System Using the Continuous Corn
REEREION o0 & o mod o i e

Reduction of Soil Productivity due to
the Moldboard Plowing System . . . . . . .

Erosion Rates Resulted from Several
Tillage Systems and Crop Rotations . . . .

ix

116

117

118

1XY

120

12}

122

123

124

125

128

131



Table 5.19

Table 5.20

Table 5.21

Table 5.22

Table 6.1

Table 7.1

Table 7.2

Table 7.3

Table 7.4
Table 7.5
Table 7.6

Table 7.7
Table 7.8

Table 7.9
Table 7.10

Table 7.11

A Comparison of Annual Equivalent Cost
of Conventional and Modified No-Till
BYBEement HNAGeN 8075840 ¢ ¢ o o o o o o o o

Machinery Costs and Replacement Times
for a Conventional or a Modified Chiseling
System for the Corn, Navy Bean, Sugar
Beet Rotation (500 Hectares) . . . . . . .

Machinery Costs and Replacement Times
for a Conventional or a Modified Chiseling
System for the Corn, Navy Bean, Wheat,
Sugar Beet Rotation (500 Hectares) . . . .

A Comparison of Three Replacement Times
for a Modified No-Till System. . . . . . .

Economic Advantages of Conservation
Tillage vs. Conventional Tillage for
Sed ectddoRotations? Capwrits €80, o o o

Variables and Operations Indicated in
kheidbaeds tn Bulution . o o o o o o o o s

Suitable Days Estimated for Harvesting
Corn and Stover in Michigan (Bad Axe) at
0.5 and 0.8 Probability Levels . . . . . .

Fertilizer Recommendations for Corn
Grain, Stover, and Corn Silage (kg). . . .

Storage Sizes Used for Stalkage. . . . . .
Stover Yield and Losses. . . . . . . + . .

Corn Silage and Grain Yield (30-40%
DENS Eor-Craem NeAght). 5o s o v aiia i,

Corn Cob Yield and Production Costs. . . .

Machinery Complements Which can be
Used for 400 Corn Stover Farm. . . . . . .

Machine Capacities and Power Requirement .

The Time Study of Transporting Round
Bales to Storage . . < ¢« ¢ ¢ ¢ o o o o o o

Corn Stover Stacks for Different
HETvesting Dates ,' . o Jhe v it SNty

132

134

136

136

163

170

172

173
174
175

176
177

179
180

182

183




Table

Table
Table

Table

Table
Table

Table

Table

Table
Table

7.12

7.13
7.14

7.15

7.16
7.17

7.18
7.19

7.20
7.21

The Transporting Time to Storage for
Different Wagon Sizes. . . . . . « . . .

Harvesting Systems and Projected Costs .

The Daily Corn Silage and Chopped
Stover Intake for Milk production. . . .

Milk Production and Return for Corn
Silage and Stovers . . . « ¢« o ¢ o & o

Corn Stover Transport to Storage . . . .

The Estimated Total Storing and Feeding
Cost per ton of Corn Forage. . . . « . .

Aual* 'systep Costa' =5 V071 SORTRTRRRES

The Effective Yield Capacity of the
Largest Machine in the System. . . . . .

ATV CTW L i BOTWE om o o* o o TV TR

Activities in Solution (300 Hectares). .

xi

184
186

192

193
194

195
196

197
199
200




Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.9

6.10

LIST OF FIGURES

Rage

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conventional
Continuous CorNimeSars s s ae aiote stans 142

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conservation
CODLinuous Cornim. fiyut. % fege: ovrebloovas 143

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conventional
Corn, . Corn,-Soybean, « « « « « ¢ ¢ o « « « 144

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conservation
Corn, Corn, Soybean. . . « « « o o o s oo 145

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conventional
COLn, VHSYPUBORN e Raiinwe [sikad o iomate g g 146

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conservation
Cotn,; VHBVYPUBeRD s, fic e sts Batoire o Lo hehsiaie 147

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conventional
Corn, Corn Navy Bean . . « « « « « o « « o 148

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conservation
Corn, Corn, Navy Bean. . . . « « « « &+ + o 149

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conventional
Corn, Corn, Navy Bean, Wheat . . . . . . . 151

Annual Costs of Three Machinery Sets

for Various Farm Sizes Using Conservation
Corn, Corn, Navy Bean, Wheat . . . . . . . 152

xii



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

6.20

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conventional
Corn, Navy Bean, Sugar Beet. . . . + . . . 153

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conservation
Corn, Navy Bean, Sugar Beet. . . « . . . . 154

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conventional
Corn, Navy Bean, Wheat Sugar Beet. . . . . 155

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conservation
Corn, Navy Bean, Wheat, Sugar Beet . . . . 156

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conventional
Corn, Navy Bean, Soybean, Sugar Beet . . . 157

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conservation
Corn, Navy Bean, Soybean, Sugar Beet . . . 158

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conventional
Corn, Corn, Navy Bean, Sugar Beet. . . . . 159

Annual Costs of Three Machinery Sets
for various Farm Sizes Using Conservation
Corn, Corn, Navy Bean, Sugar Beet. . . . . 160

Annual Costs of Three Machinery Sets
for Various Farm Sizes Using Conventional
Corn, Soybean. « « ¢« ¢ o s ¢ o o o o s o » 161

Annual Costs of Three Machinery Sets

for Various Farm Sizes Using Conservation
COLN, SOYD@AN, « o s w7 .6 ¢ s o ecniie s v 202

xiii



CHAPTER 1

INTRODUCTION

Different forms of conservation tillage systems have
been introduced to farmers in recent years due to the soil
and water erosion problems that resulted from the
conventional or moldboard plowing system.

Conventional tillage is the combined primary and
secondary tillage operations normally performed in
preparing a seedbed for a given crop in a given
geographical area. Conventional tillage also refers to a
full or maximum tillage program consisting of both primary
tillage (moldboard plowing) and secondary tillage (disking,
harrowing or cultivating).

Moldboard plowing is mainly used on fine-textured soils
in the northern corn belt. It produces considerably high
yields due to simplicity of secondary tillage operations,
but on the other hand damages the soil structure and
increases the erosion (Larson and Hanway 1977).

Conservation tillage is any tillage sequence which
reduces loss of soil or water relative to conventional
tillage. Various forms of conservation tillage can reduce
erosion on many soils 50 to 90 percent (Myers, 1983).
Conservation tillage is a form of non-inversion tillage
that retains protective amounts of residue mulch on the

surface throughout the year (Cook and Robertson, 1979).
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Conservation tillage has been primarily accepted by
farmers for the following reasons.

1. There is a large amount of soil loss each year
from the cropland. The farmers are looking for
techniques to conserve both soil and soil
moisture.

e Conservation tillage provides benefits to the
farmers: lower costs for equipment, labor , and
fuel; increases soil moisture retention and the
greater land use flexibility.

The rate of soil erosion depends mainly on tillage
practices and amounts of crop residue on the soil surface.
Soil erosion increases as the number of tillage operations
increases, and decreases as the amount of crop residue
increases.

The success of conservation tillage especially
no-tillage, depends on many factors such as the quantity
and amount of plant residues on the soil surface, soil
texture and moisture (Fenser 1977).

The large volume of crop residue may intensify the soil
moisture problem and retard evaporation rates (Robertson
et. al., 1976). It may keep the soil cooler during the

spring which can delay planting (Newcomer, 1978).
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The heavy concentration of crop residues on the soil
surface may adversely affect the equipment performance
making it difficult to control the seed depth. Excessive
residue absorbs soil applied herbicides, interferes with
desired operation of the fluted coulter, and results in
poor seed soil contact.

The chisel tillage is an effective method for reducing
wind and water erosion because it leaves a major portion of
crop residues on the surface and often provides a rougher,
more porous surface. This system is less costly than
conventional tillage and it is adapted to well drained
soils. Chisel plow systems are the most extensively used
conservation tillage systems in Michigan.

The no-tillage system is another form of conservation
system that greatly reduces soil erosion. The seed is
directly planted into untilled sod, stubble or residue from
the previous crop. The economic analysis of conservation
tillage systems indicates that the no-till is the most cost
effective of any practice commonly used. Factors that
will influence the rate of adoption of no-till practice
include technology development and transfer, economic
advantages, education and training programs, and the

gradual change in farm culture.
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Voluntary adoption of conservation tillage by farmers

is uncertain because of the lack of knowledge of the

economic impacts of such practices by farmers (Rotz,

et. al., 1983).

Several research needs for conservation tillage

practices were identified by Muthar (1982) such as:

1.

There are other conservation tillage systems on the
market that may prove to be beneficial and need to be
tried.

More machinery management data is needed, such as
fuel consumption, draft, speeds, and slippage, etc. for
various soils and tillage systems. This data needs to
be collected.

The question of machinery rotations needs to be
answered. 1Is there a need for a multiple machinery
system on one farm?

We need to know more definitely how and when to make
the transition from the present farm system to a newly
proposed one. The economics of this question need to

be resolved.



CHAPTER 2
OBJECTIVES

The objective of the research was to study conventional
and conservation tillage practices for corn production in
Michigan. This study evaluates the impact of alternative
tillage systems on machinery complements, labor, time-
liness, and soil erosion on the fine texture soils of
Saginaw Bay. To develop the research the following
specific objectives were defined:

1. To formulate linear programming models to optimize
machinery sets for alternative commercial corn tillage
systems including conventional (using moldboard plows),
chiseling (using chisel plows), and no-tillage.

2. To determine timeliness costs based upon planting and
harvesting time constraints.

3. To develop a machinery replacement model for the
process of switching from conventional to a conserva-
tion tillage system and specify the switching and
trading times.

4. To evaluate the economic differences between
conventional and chisel plow tillage systems for common
crop rotations in Michigan.

5. To formulate a linear programming model to optimize the
amount of corn residue (corn stover) on the soil

surface and select the optimum harvesting systems.
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This study is limited to the on farm economic and
environmental issues of the problem. Although, off farm
social and political basis are among the key factors, they
are beyond the scope of this study. The economic and
environmental perspectives of the research are conducted
within a framework of cost analysis for tillage systems

about machinery utilization and soil erosion.




CHAPTER 3

LITERATURE REVIEW

3.1 Conventional tillage

Conventional tillage is the combined primary and
secondary tillage operation normally performed in preparing
a seedbed for a given crop grown in a given geographical
area (Cook and Robertson, 1979). Following the corn
harvest, the stalks are shredded and primary operations
started using a moldboard plow and a tandem disk to
till the soil. Tandem disks and spike tooth harrows are
used for pre-planting operations in the spring. Rotary hoe
and sweep cultivators are used for cultivating operations
(Jolly, et. al., 1983).

Conventional tillage is also referred to as the
moldboard plowing (about mid-April) and disking (about
mid-May) as pre-planting operations. Weeds are controlled
with cultivators and herbicides in pre-emergent and
post-emergent spray form. Nitrogen and phosphorus should
be applied adequately for the optimum production (Burwell
and Kramer, 1983).

Moldboard plowing (fall plowing) is mainly used on
fine-textured soils in the northern corn belt. This method
produced high yields due to the simplicity of secondary
tillage operations. On the other hand, this method damages
the soil structure and increases the erosion (Larson and

7
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Hanway, 1977). Oschwald (1973) showed that moldboard
plowing combined with secondary tillage implements in
Illinois had a higher grain yield on poorly drained soils
compared to other methods. A six year study of corn
production in Ohio from 1962 - 1967 indicated that the
conventional method using a plow had a lower average yield
than the non-plow method (Triplett et. al., 1969).

Moldboard plowing is a suitable method for the level
fields, but the crop will be exposed to weather damages
until it has established a desirable cover. The soil
moisture losses can also be excessive due to secondary
tillage operations after moldboard plowing. The success of
secondary tillage practices depends directly on the soil
texture. Producing large clods on the soil surface and
especially the hard layer below the surface, which is due
to heavy equipment utilizations and excessive operations,
are the other important problems indicated in moldboard
plowing. Soil crusting is usually produced in very fine
textured soils due to moldboard plowing practices (Erdmann,
et. al., 1981).

A study of a four year conventional corn planting in
Indiana showed that the yields from spring moldboard
plowing are equal or greater than other non-moldboard
plowing methods such as strip rotary and no-tillage. The

higher yield advantage from moldboard plowing is especially



9

due to better weed control practices (Griffith,
et. al., 1973). Many research studies have been done to
compare the fall and spring plowing. The results indicate
a small difference in favor of fall plowing. Fall plowing
allows farmers to have an earlier spring planting than
when spring plowing is required. Winter weather usually
improves the soil's physical conditions, especially when
the soil has been relatively wet or dry at the plowing
time. A desirable soil structure is produced due to
continuous freezing and thawing, wetting and drying of
large clods during winter. Such a situation cannot happen
in spring, and the spring plowed soil remains cloddy. The
high silt content soils should not be fall plowed. The
soil granules are weakly held together so that in the
spring they are separated and destroyed and, therefore, a
very compact soil layer is produced (Aldrich, et. al.,
1976) .

Larson (1973) studied the conventional corn production
and Allarmous, et. al. (1972) compared the corn yield
of fall plowing with spring plowing. They found that the
fall plowing also had a higher yield than spring plowing in
southwestern Minnesota and eastern South Dakota. The
temperature in fall plowed soils was also higher.

Robertson, et. al. (1977) studied the relation between

tillage systems and soil air space in Michigan soils. The
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loam soil before plowing had 23% (3.8 centimeters) soil air
space. When applying only a moldboard plow for a minimum
tillage, the soil air space was increased to 48% (11.4
centimeters). This method effectively reduced soil and
water erosion so that the soil was able to absorb more than
10 centimeters of water. Thus, moldboard plowing can also
be considered as a temporary method for reducing the
erosion. With the possibility of plowing and planting in
one operation, the soil dries rapidly and, therefore,
prevents the new weed germination.

Moldboard plowing also has some disadvantages such as
high power requirements, undesirable performance due to
speed fluctuations, and equipment calibration. The
equipment transports large volume of soils with forward,
lateral, and upward motions which increases the power
requirements., Moldboard plows are usually designed to
work at a particular speed. At low speeds, the incomplete
soil cutting surface results, while at high speeds the
soil particles are scattered over a greater area.
Equipment calibration and adjustments need good training
programs for operators before operation. Increased power
requirements, incomplete soil fracture, excessive wear, and
incomplete cover residues are the result of improper

equipment calibration (Robertson, et. al., 1979).
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Moldboard plowing is also a combination of cutting,
lifting, shearing and turning the top soil layer. The
soil moisture content at plowing time should be adequate,
especially in dry soils to provide a desired tilled layer.
The heavy grass sod needs a long moldboard plow in order to
turn over the furrow slice. The research experiments in
the eastern part of the United States show that the
optimum depth for moldboard plowing is about 20 centi-
meters. The yield may also increase slightly for depths
greater than 20 centimeters, but the optimum depth is
indicated to be from 20 to 25 centimeters (Aldrich,
et. al., 1976).

The experience shows that a three percent slope is the
estimated limit for fall plowing in non-contouring soils.
However, in the northern corn belt this level is increased
to seven percent for contour lands (Aldrich,

et., al., 1976).

3.2 planting Date
Scientists have found that early corn planting has
better yield advantages for farmers. The early planting
date has been practically increasing because of effective
application of chemicals for weed control, seed treatment,
and the improved seed varieties. However, the best
criteria for planting time is the soil temperature.

The optimum soil temperature for corn planting is 15°C at
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the 7.6 cm depth. Rossman, et. al. (1966) found that
the average corn yield over a 10 year period in Michigan
was 9% higher for a lst through the 9th day of May planting
time than for the 12th to 20th of May, 16% higher than
planting between May 22 to 31, and 27% higher than June
planting times of June 1 through 11.

The recommended planting time in lower Michigan for
sandy soil is April 15th to May 5th and for other soil
types, it would be April 25th to May 10th. The corn
planted in April produces less vegetative growth (plant
residues) than the late planted corn. The corn silking on
July 15th receives about 26,200 Langely energy units in 55
days when compared to corn silking on August 15th which
absorbs only about 20,800 units. The corn planted on April
20th will utilize only about 56 degree days by May 4th.
The adverse weather conditions after May 4th require early
planting (Lucas et. al., 1978).

The problems related to early planting include poor
soil and seed stand due to the cold and the soil moisture,
weed problems when the wet soil prevents cultivation and
frost injury. The earliest planting date in Michigan
starts on April 16th. The crop yield will decline if the
planting operation starts after May 12th. The weed
problem can be improved through effective application of

pre-emergence herbicides. Damages resulting from the wet
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so0il and frost have been relatively lowered in recent years
because of modern seed treatment techniques. However, the
inadequate stand can be improved by a replanting operation
which is an efficient method if the first planting
operation was not satisfactory. The modern hybrids are
resistant to undesirable conditions such as soil disease
and cold, so that they facilitate the early planting
practice (Aldrich et. al., 1976).

The depth of planting usually depends on soil and
weather conditions. Considering soil moisture content and
temperature, an optimum depth is required for a high
percentage of germination and emergence. Allesi, et.
al., (1971) made a growth room experiment and found that an
80% emergence needed a time period from 4 to 24 days. A
time period of about 8 to 13 days was observed in field
experiments in North Dakota for 80% emergence.

Increasing the seed depth by 2.5 cm lowered the
emergence by one day. Aldrich, et. al. (1978) indicated
that in the corn belt area with adequate soil moisture
content, a 5 cm depth would be optimum, based upon the
average planting time.

Thirty years of planting data at Michigan State
University (1948-1980) show the yield advantage for corn
planting in late April or early May. The results also

recommend corn planting in late April. The average
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corn planted in early May is about 100 bushels. The yield
decreases by one bushel per acre per day for delayed
planting. Early planting results in earlier maturity in
the fall which reduces the cost of drying. The weather
data indicates that the first week of May is usually drier
than the second week and, therefore, more suitable days are
available for early planting. For early planting, the corn
seed should have the highest quality with the cold test
germination of 70 percent or better. The seed population
should also be 15 to 20 percent higher than the desired
plant population. Spring frost causes severe damage to
the plant if the growing point remains below ground with
the soil temperature below 32°F. Since the cultivated
organic soils are cool and dry the frost damages to the
planted corn are greater than if the soil is left
undisturbed (Erdmann, et. al., 1981).

The optimum seed depth for early planting is found to
be 1.9 to 3.8 centimeters for cool soils. A deeper seed
placement of 3.8 to 6.4 centimeters is recommended for late
planting in fine textured soils and also the deeper ranges
are considered for coarse texture soils (Erdmann,

et. al.,, 1981).

3.3 Rlant Population
The corn population for grain production depends on

several factors such as genetic characteristics, climatical
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conditions, soil textures, row width, soil fertility,
and moisture content. Larson and Hanway (1977) found that
the optimum population varies from about 40,000 to 100,000
plants per hectare. Lucas, et. al. (1978) recommended
64,246 plants per hectare at harvest for irrigated soils
with 75 centimeter rows. The average yield of this
population is estimated to be 11.6 tons per hectare.
However, the 54,362 plants per hectare are recommended for
those areas with a water shortage and problems with
irrigation schedules. To obtain the desired plant
population at harvesting time, an increase of 15 percent
for seeding rate is necessary. Erdman, et. al. (1981)
found that the optimum plant population in Michigan soils
ranges from 44,478 to 49,420 plants per hectare. The
results of a five year study of irrigated and non-irrigated
corn with four different plant populations of 37,806;
47,443; 57,574; and 67,953 per hectare indicated that the
irrigated corn with the 57,574 plant populations per
hectare had the highest yield of 10.7 tons per hectare (15%
moisture) while 37,806 had the lowest yield of 5.7 tons per
hectare. stickler (1964) found that the maximum yield for
non-irrigated corn in Kansas resulted from the 40,000 plant
population per hectare and for the irrigated corn, it was
indicated to be from 48,000 to 59,000 plant population per

hectare.
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The optimum plant populations for the northern states
and Canada have been higher than those in the southern
states. Early planting is an important factor in
increasing the plant population. A two year research
in Minnesota showed that through providing the crop
water requirement, plant population increased from 44,640

to 74,100 per hectare (Hicks et. al., 1970).

3.4 FEertilizer Application

The use of commercial fertilizers has increased rap;dly
in recent years. The fertilizer supply in Michigan usually
includes 97.3 kg N, 37.3 kg P, and 50 kg K/ha (Hargett,
1973). The rate and method of fertilizer application
depends on the materials, farmers' preferences and cultural
practices. For the cool regions with early planting
practices, N, P, and K fertilizers are applied in bands 5
cm to the side and 3 to 5 cm below the seed at planting.
Fertilizers are applied in various methods such as
broadcasting using moldboard plows or disks before
planting, injecting the gas into the soil before or after
planting, or sidedressing between the rows after planting.
The foliar application is an efficient method after the
leaf development process is completed (Larson, et. al.,
1977). Soil sampling and testing are also a reliable
method for providing the adequate information for

fertilizer application and recommendations.
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Results of the studies on nitrogen fertilizers in
irrigated areas indicate that pre-planting and sidedressing
are more effective than the broadcasting method which is
applied in the fall (Larson, et. al., 1977).

A nitrogen fertilizer study in Ontario showed that the
spring-applied N, produced from 370 to 2610 kg/ha more
yield on clay soils than fall-applied N (Stevenson,
et. al., 1969). The research in Illinois indicated that
the spring applied N at application rates of 67 and 134
kg/ha produced 10 to 20% higher yields than the fall
applied. Yields were the same for the application rates of
201 and 268 kg/ha in several other locations (Welch,
ek al., 1971).

Vitosh, et. al. (1979) studied the economics of
fertilizer N on different soils in Michigan. The results
indicated that most profitable rates of nitrogen for the
loamy sand soil, sandy loam, and clay loam with the
potential yields of 4.4, 6.3 and 8.2 tons per hectare were
89.7, 131.1, and 162.5 kg per hectare respectively. He
also indicated that soils with higher yield potentials
needed more N fertilizers.

Research in Michigan has showed that spring
applications of ammonia N are more efficient than the fall
applications. Fall losses on fine and medium textured
soils are 5-10%, and for coarse textured soils are about
10-30%. Fall applications of nitrogen, especially on

coarse texture soils causes groundwater contamination
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and the fall applications should only be used on fine and
medium textured soils (Vitosh, et. al., 1979).

Nitrogen fertilizers are acid forming and affect the
phosphorus availability in the soil surface due to change
in soil PH. It is recommended that lime be applied more
frequently or to use moldboard plowing every three to four
years to mix the lime and nitrogen fertilizers (Vitosh and
Warncke, 1981).

Anhydrous ammonia can be easily incorporated into the
soil., It reduces the need for lime application. This is
an efficient method for no-till systems. Applicators
should have a rolling coulter ahead of each knife and a
packer wheel behind to lower the ammonia losses into the
air. When heavy residues are available on the surface,
ammonium nitrate can be the most efficient fertilizer
(Vitosh and Warncke, 1980).

Organic residues provide a cool temperature medium
that reduces evaporation or volatization. On the other
hand, a major amount of the nutrients are lost through
run-off and leaching. Therefore, 10 to 20 percent more
nitrogen may be required when the plant residues are
considered (Vitosh and Warncke, 1980).

Superphosphates and ammonium phosphates are the two
important sources of phosphorus fertilizers for corn

production. The commercial superphosphates contain about
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8.8% P (20% Py05) and concentrated superphosphates contain
20 to 22% P(45 to 50% Pyog). Superphosphates are mainly
used as a single source of P while the ammonium phosphates
fertilizer is a combination of different materials produced
by the ammoniation of phosphoric acid.

Phosphorus fertilizers are applied in broadcast form in
the fall or spring, when using plow or disk at the
tillage. Side dressing is also used at the time of
planting for row application. If the soil has a moderate
fixing capacity, the phosphorus can be applied prior to
planting and if the soil has a large P fixing capacity,
phosphorus should be applied in a band five cm to the side
and five cm below the row (Larson, et. al., 1978).

The phosphorus requirement of corn could be estimated
by soil test and crop response concerning the other factors
such as yield desired, solubility of the phosphorus in the
fertilizer, and method of application.

Phosphorus fertilizers call for fast growth of small
seedlings, especially at low soil temperatures. For corn
and other grain corps, when the soil temperature is low,
at least 28 kg P205/ha is recommended in the early stages
which could be applied in bands near the seed. 1In the
successive stages of growth, the plants will be able to
properly utilize the phosphorus available in lower depths

(Warncke and Christenson, 1981).
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Most of Michigan's soils have a high amount of
phosphorus and are well-suited to production of no-till
corn. Soil test results indicate that over 50 percent of
all soils have phosphorus levels greater than 67.3 kg per
hectare. This level of phosphorus is estimated to produce
6.3 tons of corn per hectare. When the solid phosphorus
level is medium to high, all the phosphorus requirements
should be applied in bands five cm to the side and five cm
below the seed at planting time (Vitosh and Warncke, 1981).

Potassium chloride is the commercial form of K which
can be used as a single or a mixed fertilizer. It can be
used before planting in broadcast form and mixed into the
soil by plows or disks. It can be applied also in bands
near the seed at the time of planting. Potassium
fertilizer is usually applied based upon the soil fixing
ability. It may be applied every year or in larger amounts
once in several years. The side dressing is more effective
for low application rates (Larson and Hanway, 1977).

The crop seedling requirement for potassium is less
than for phosphorus. The crop potassium utilization
increases when the plant starts to grow rapidly. Potassium
removal is also high when the corn plant is removed for
Silage or Stover feedstuff. The row application of
potassium is more effective than the broadcast form. The

amount of potassium applied near the seed should not exceed
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a certain level due to salt injuries to the seed (Warncke

and Christensen, 1981).

3.5 Chiseling System

Chisel tillage is a less costly method than the
conventional system and is well adapted to soils with good
drainage characteristics. It is an effective method for
reducing soil and water erosion problems because it keeps
a considerable amount of plant residue on the soil
surface. Chisel tillages leave a rough or porous soil
that reduces soil and water losses.

Chisel plows are heavy pieces of equipment with shanks
spaced at 30 centimeters apart and equipped with §
centimeter chisels and up to 46 centimeter shovels. The
chisel points may be single or double-pointed, shovels,
spikes, or small sweeps (Mannering and Fenser, 1983).

The success of conservation tillage for controlling
erosion depends upon the proportion of plant residue saved
on the soil surface. The amount of plant residue left
depends upon the type of chisel plow used and the crop
residue. Using a 10 centimeter twisted shank on a corn
field, 10 to 20 percent of the'residue left, while with
narrow points, this amount may exceed 50 percent
(Moldenhauer, et. al., 1983).

The results from a four year grain yield research in

Indiana indicate lower yields on fine soils for chiseling
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than for moldboard plowing, but on coarse soils the yield
resulting from the chiseling method was significantly
higher than from moldboard plowing (Larson and Hanway,
1977).

Soil moisture characteristics are considered the
major criteria for dividing the soils into several
management groups. These soil groups are defined as
well-drained, moderately well-drained, somewhat poorly
drained, and poorly drained (Cosper, 1983).

Each tillage system causes limited physical changes in
the soil due to the soil and residue mixing operation.
However, reduced crop yields resulting from conservation
systems are related to the limitation of soil physical
properties. These include drainage problems, soil wetness
levels, degree and frequency of wetness, structural
stability, water percolation, impervious or restrictive
layers in the profile, and surface soil texture (Cosper,
1983).

Chisel plowing is the most extensive conservation
method used in Michigan. The crop yield from the chiseling
system is not different from moldboard plowing. Chisel
plows significantly reduce water and soil losses, especial-
ly from sloping lands. The rate of soil and water losses
through chisel plowing depends directly on the proportion

of crop residues left on the soil surface and the number
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and kind of operation after moldboard plowing (Cook and
Robertson, 1979).

Conservation tillage systems may affect the implement
in two ways: the type of implement used and the way they
are adjusted and operated. The physical characteristics of
the soil before tillage may be different. The plant
residue on the soil may block the implement or affect the
operation of the machine. Tillage equipment can be
modified for operating in plant residues by adding rolling
coulters to cut residues., Rolling coulters can be flat
disks, with either smooth, notched, rippled, or fluted
edges, or they may be concave disk blades with smooth or
notched edges (Erbach, et. al., 1983).

Conventional planters can be practically modified to
conservation planters in order to improve their operation.
The commercially available coulters can be placed in front
of the furrow opener to cut the plant residue and provide a
narrow strip of soil for seed placement. Such coulters can
be in various shapes such as smooth, notched, rippled, and
fluted forms. The capability of coulters depends upon the
residue and soil conditions. A rippled coulter is
recommended for soft soils while a fluted coulter is
practically suitable to work on hard soils (Erbach,

et. al., 1983).
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3.6 No-tillade System

No-tillage is a procedure whereby a crop is

planted directly into a seedbed not tilled since

harvest of the previous crop, and no-tillage
occurs during the growing and maturing season.

More specifically, no-till is the planting of a

crop into sod, previous crop stubble or a cover

crop where only the immediate seed zone is

disturbed (Anon., 1983).

A narrow slot is provided by the no-tillage method in
undisturbed soil so that the seed can be placed. No other
tillage operations are necessary. No-tillage practices
can be used when proper herbicides are used for weed
controls (Nelson, et. al., 1976).

No-till is considered as one of the most effective
practices developed in corn production for controlling wind
and water erosion. Such practices result in the conserva-
tion of soil nutrients and in the reduction of air and
water erosion problems. In no-till production, frequency
of farming operations are lowered so that the time, labor,
and energy requirements are greatly reduced (Robertson,
et. al., 1976).

Various studies and research experiences show that
no-till is best suited to coarse and medium textured soils
with well-drained characteristics. However, no-till
practice may not be successful when one or more of these
soil conditions are present: (1) fine texture soil; (2)
poor structure; (3) inadequate drainage; (4) underestimated

organic matters; (5) eroded soil; (6) low fertility levels
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and soil acidity; (7) herbicide ineffectiveness due to soil
texture and weather conditions. These conditions can be
evaluated with soil test levels (Robertson, et. al., 1976).

Several factors have increased the rate of adoption of
no-till such as improvements in planting equipment, new
chemicals, technology transfer, and environmental con-
cerns., Other factors like economics of agriculture,
educational methods, and gradual change in farm culture
will have major roles on the development of no-till
farming. Economic analysis of various conservation tillage
systems indicate that no-till is the most cost-effective
method commercially used (King, 1983).

Nowak (1983) identified problems for management
decisions on adoption of conservation tillage. Such
problems are directly related to the timing and sequence of
operations including incorporating chemicals and nutrients
relative to the amount of crop residue left on the soil
surface, controlling pest and weed problems adjusting or
modifying implements, and selecting new seed varieties
adaptable to different environments.

No-till planters should be capable of performing
planting operations under various soil conditions. No-till
planters also need special features in addition to those

for conventional seeding. These features include:
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1. A rolling or fluted coulter is placed ahead of the
furrow opener which will cut through the crop residues

and penetrate the soil to a uniform depth of 5 to 6

centimeters.

2, A seed opener with a positive planting depth control
is used to place seeds at an optimum depth.

3. A press wheel is placed behind the planter to firm the
soil over the seed.

4. A separate coulter is also used to put the fertilizer
properly in banded forms during planting operations.

The no-till planters put the seed in undisturbed soils
under conditions which are different from the conventional
system. The soil is usually covered with residue or sod
which is wet, firm, or rough. Thus, the planter should be
capable of planting through residues with a uniform depth
and with good seed to soil contact. The planter should be
heavy and strong enough to cut through crop residues
properly (Anon., 1983).

Coulters will work successfully if they are operated
at seed depth. If coulters are not penetrating enough,
residues are not cut, and additional weights are required
to provide a downward force for desired penetration. Such
a force can be provided with weights, tanks of water,
weighted frame members, or with transfer of planter weight

from transport wheels to the coulters. A force of 2224 N
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per blade in hard soils is needed for an optimum
penetration (Erbach, et. al., 1983).

If fluted coulters fail to cut the plant residues due
to inadequate penetration, the reside may enter the soil
opening. Fluted coulters will hairpin the tough residue
into the soil when the soil is wet. Therefore, the seed
will be in close contact with the residue which will
result in poor germination, emergence and early growth.
Phytotoxic materials that are released from the residues
will damage the seed growth. Phytotoxicity is produced
when continuous corn, sorghum, or wheat is planted (Erbach,
et. al., 1983).

No-till planters should be operated at a speed of 4.8
to 5.6 km/hr comparing to 7.2 to 8.0 km/hr for a conven-
tional system. The planting hopper should be larger
to maintain the same seeding rates. Fertilizer attachments
should be adjusted to place fertilizer 2.5 to 5 centimeters
to the side and 5 centimeters below the seed (Nelson et
al., 1976).

Soil moisture is increased when using no-tillage
because of the crop residue which reduces surface run
off. The residue lowers the rainfall intensity and
increases the soil infiltration. Soil temperature is also
lowered which reduces moisture evaporation and improves

soil moisture capacity (Knapp, 1983).
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No-till farming is not always an effective method for
controlling surface runoff. Many research reports from the
corn belt indicate that the water runoff resulted from
no-tillage was almost equivalent to the conventional
systems. A no-till system will produce a firm layer which
is impervious to water and increases the surface runoff.
Such conditions will happen when the soil surface does not
contain adequate crop residues to lower the flow velocity.
A no-tillage method may not be effective to control erosion
when a complete harvesting of crop residues for animal
consumption occurs (Lindstrom and Onstad, 1984).

Conservation tillage, especially no-till, provides a
suitable environment for growing pests and disease
organisms due to the crop residues left on the soil
surface. In a conventional system, the soil is turned over
by moldboard plowing which destroys the insects. Such a
soil inversion operation will not occur in no-till which
keeps the insect larvae on the soil surface for growing
(Anon., 1983).

A no-tillage system is primarily accepted as an
effective method for reducing erosions on sloping lands.
The intensity of erosion depends on the length of slope,
slope gradient, soil properties such as texture, structure,
organic matter, rainfall intensity, and cropping and

tillage systems. Sloping lands will not have any drainage
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problem because the water accumulation in rainy seasons is

prevented (Phillips, et. al., 1984).

3.7 d ntro.

No-till farming needs better management and planning
than a conventional system. Weed control practices cannot
be done by cultivators after the planting operation. A
farmer must know in advance about the types of weeds on his
farm in order to prepare a herbicide program to match the
weed problems.

A successful weed control program should meet several
criteria: (1) controlling existing weeds, (2) controlling
germinating weeds and especially root growing weeds, (3)
avoiding injuries to the present crop, and (4) preventing
injuries to the succeeding crop. These objectives are met
if the following procedure is considered (Cook and
Robertson, 1979):

1. Proper herbicides should be selected to control
weeds on the farm.

2, Sprayers should be properly calibrated to provide
a uniform herbicide application throughout the
planting seasons.

The effect of herbicides on weed control practices
depends primarily on the chemical properties of herbicides,
rate of application, soil PH, soil organic matter content,
amount of surface plant residue, temperature, rainfall and

microbial decomposition. The production of continuous
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no-till corn lowers the so0il PH compared to the
conventional system. The amount of residue on the soil
surface depends on the type of crop material remaining from
the previous crop or from the existing crop. Plant residue
burning is also a common practice for removing extra plant
material from the land surface and is an effective method
to control some of the weeds that cannot be controlled by
herbicides (Philips, et. al., 1984).

Two types of herbcides are usually required for a
no-till planting system. The first type is called a
contact herbicide which controls the existing residues and
the second type is called residual which controls grass and
weeds that may germinate after the crop is planted.
Paraquate and Lorox are the two types of contact and
‘'residual, respectively, used for soybean weed control.
Other pre-emergence herbicides like Lasso and Amiben are
recommended on sandy soils where Lorox may produce injuries
to the crop (Clapp, 1972).

Herbicides used for no-till can be used in
conventional, but the reverse is not always true. Some
herbicides should be mechanically incorporated into the
soil and are not suitable for no-till systems. The no-till
herbicides should be applied without soil incorporation.
In addition to the contact and pre-emergence, the

post-emergence herbicides are also used in no-tillage
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practices. Following is a short description and some

examples of several herbicides used in no-tillage (Anon.,

1983).
1.

Contact herbicides are used before, during, or
after planting, but before crop emergence, such
as:

HERBICIDE _ CONTROLS

Paraquat Emerged annual grasses,
broadleaf weeds

Roundup Emerged annual grasses,
broadleaf weeds

2,4-D Broadleaf weeds

Pre-plant or pre-emergence residual herbicides
are applied before crop emergence. Incorporation
is not usually required except for some of them
with rainfall. A list of these herbicides are
indicated as:

HERBICIDE = CONTROLS
Altrazine Annual broadleaves
and grasses
Bicep Annual broadleaves
and grasses
Bladex Annual broadleaves
and grasses
Dual Most annual grasses
Dyanap Broadleaves, some grasses
Lasso Annual grasses, nutsedge,
nightshade
Lorox Broadleaves, some grasses
Princep Annual broadleaves,
some grasses
Prowl Most annual grasses,
some broadleaves
Ramrod Annual grasses, certain
broadleaves
Surflan Annual grasses, certain

broadleaves
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3. Post-emergence herbicides are used after crop
emergence., They may be used over the crop or to

the weed.
HERBICIDES = CONTROLS
Altrazine Annual broadleaves,
some grasses
Banvel Broadleaf weeds
Bicep Annual broadleaves, grasses
Dual Most annual grasses
Lasso Annual grasses
Lorox Broadleaves, some grasses
Prowl Annual weeds
Ramrod Annual weeds
2,4-D Broadleaf weeds

The rate of herbicide application for a conservation
tillage depends upon the weed problem, crop rotation,
knowledge of the manager, and the timeliness of opera-
tions. A conservation tillage farmer may not have many
options available to correct mistakes. A combination
of herbicides and cultivators may be recommended for weed
control programs in conservation systems (Hayes, 1983).

The timing of an operation is an important factor in
herbicide application programs. Weeds should be at the
proper stage of growth in order to be controlled with the
contact or translocated herbicides. The herbicide
effectiveness may be reduced for tall weeds, or clipped
weeds or when the weeds are drought-stressed. The
pre-emergent residual herbicides should be applied at the
planting time. The early application of the pre-emergent
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herbicide may reduce the length of control while the late
application may allow the weeds to germinate and emerge.

Certain weed problems such as purple nutsedge and
horsenettle cannot be controlled in conservation tillage
with herbicides. These problems are controlled by
incorporating herbicides and soil through other tillage
methods before conservation tillage practices are attempted

(Anon., 1983).

3.8 Insects and Diseases

Conventional and conservation tillage systems have
similar pest and disease control problems, except for those
insecticides which require soil incorporation. Farm
managers and farmers may use different techniques and
cultural practices on insecticides and pest management
programs. Many sources like extension specialists, farm
chemical suppliers, crop consultants, and agricultural
colleges are available to provide suitable information on
insecticides and pesticide problems.

Major no-till corn insects are described under two
categories of soil insects and above-ground insects. Seed
corn maggot, wireworm and seed corn beetle are the major
s0il insects. These pests attack the corn seed when the
cool soil temperature causes slow germination. Insecti-
cides can be applied in attachment units at the planting

time to control these insects. Rootworm, white grub and
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sod webworm are the other important soil insects which may
destroy the corn plant completely. Root worm is found in
the corn belt when the continuous corn crop is grown. Crop
rotation is considered the best method to control
rootworm. The life cycle of rootworm is broken when corn
is rotated with another corp like soybean. Rootworms can
be controlled with insecticides which should be applied in
a band and incorporated with soil. The soil incorporated
insecticides may be difficult to use in no-till method
(Anon., 1983).

The late seed germination resulting from the lower
soil temperatures provides a suitable environment for seed
corn beetle and seed corn maggot. The larva development of
these two pests starts at 10°C and higher. Early
organophosphate seed treatments will provide satisfactory
results on controlling these two pests (Phillips, et. al.,
1984).

Major above-ground corn insects are indicated as
armyworm, cutworm, common stalk borer, and European corn
borer. Foliar-applied insecticides are used to control
these insects with the same methods used in a conventional
system, The most appropriate method to control
above-ground insects include a proper scouting program and
the personal knowledge to identify the pest and the method
to apply the insecticide (Anon., 1983).
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In addition to insecticides, other methods and
practices are recommended to control insects under a
no-tillage cropping sequence. These methods include: (1)
possible increase in predator and/or parasite activity; (2)
selection of resistant varieties; (3) using a multiple crop
rotation sequence; and (4) proper fertilizers with
increasing seeding rates and lower row spacing (Phillips,

et. al., 1984).



CHAPTER 4
LINEAR PROGRAMMING MODEL

4.1 Introductjion

Linear programming models are means for conducting
research studies associated with policy issues for resource
utiliz&tion and allocation. Linear programming deals with
problems of limited resources among competing activities in
the best possible (optimal) way.

One of the important decisions of the farmer is to
select the machinery complement required for annual
operation within a suitable time period. Failure of timely
operation for planting, cultivating, and harvesting results
in certain amount of crop losses.

To make a reasonable comparison between conventional
and conservation tillage systems, optimum sized machinery
complements are needed for each tillage system under a
suitable time period. Interactions among machines, land,
weather, and capital investment create a problem which
can be properly solved by a Linear Programming Model.

Studies on implements used on farms indicate that
machines are not properly matched to one another nor to the
available power on the farm. Farmers usually do not buy
a complete set of well-matched machines for their farming

operations at a particular time. They buy machines
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wvhen needed and attempt to match the new machines to their
present machinery sets (Rotz et. al., 1983).

Several machinery selection model<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>