



Submit Search


Upload
Ch 1-2_UoG-RDAE 2022 (1).pdf
•
0 likes•17 views

A
alelgnyigremFollow
GHJKKRead less

Read more
Data & Analytics




Report
Share








Report
Share



1 of 33Download NowDownload to read offline











































































Recommended
1&2_Concepts of Agricultural mechanization.pdf
1&2_Concepts of Agricultural mechanization.pdfAsnakeYohanis 


Introduction to Farm Power Machineries  in Bangladesh
Introduction to Farm Power Machineries  in BangladeshAminul Haque 


Appropriate mechanization of small farms
Appropriate mechanization of small farmsSandeep Pawar 


cc aed aetc am&e p&p;1 minor irrigation
cc aed aetc am&e p&p;1 minor irrigationChidambaram Coomarasamy 


Dr Kanishk.ppt
Dr Kanishk.pptParmodSharma50 


Low cost farm processing equipments
Low cost farm processing equipmentsmadhvi sharma 


Precission farming ppt
Precission farming pptMahesh B Tengli 


Farm mechanization as an emerging agribusiness opportunity
Farm mechanization as an emerging agribusiness opportunityNaresh Majhi 







More Related Content
Similar to Ch 1-2_UoG-RDAE 2022 (1).pdf
Mechanization as a Solution for Skilled Labor Shortage of Paddy Farming Secto...
Mechanization as a Solution for Skilled Labor Shortage of Paddy Farming Secto...BRNSS Publication Hub 



Mechanization as a Solution for Skilled Labor Shortage of Paddy Farming Secto...
Mechanization as a Solution for Skilled Labor Shortage of Paddy Farming Secto...BRNSS Publication Hub 



Design, development and fabrication of a compact harvester
Design, development and fabrication of a compact harvesterLaukik Raut 



Lanka Agri
Lanka Agrigargshaurya 



6 th sem project report
6 th sem project reportABHISHEK RAJPUT 



H05314853
H05314853IOSR-JEN 



Eng. okanya boniface  current situation of agricultural mechanization in uganda
Eng. okanya boniface  current situation of agricultural mechanization in ugandaAfrican Conservation Tillage Network 



Credit Seminar:Adoption Of Precision Agriculture In Indian Scenario: It's Sco...
Credit Seminar:Adoption Of Precision Agriculture In Indian Scenario: It's Sco...Sundeepreddyavula 



Indian agriculture: Mechanization to Digitization
Indian agriculture: Mechanization to DigitizationICRISAT 



Transformation of the Smallholder Farming System: an Imperative for Africa Ag...
Transformation of the Smallholder Farming System: an Imperative for Africa Ag...Francois Stepman 



sources of farm power.ppt
sources of farm power.pptHrBhupendra 



Transforming agriculture through_mechanisation
Transforming agriculture through_mechanisationHARISH J 



National Conference On Agriculture For Kharif Campaign 2022 19 April 2022
National Conference On Agriculture For Kharif Campaign 2022 19 April 2022ridhiiarora 



5 article azojete vol 8 47 52
5 article azojete vol 8 47 52Oyeniyi Samuel 



Mechanization and Artificial Intelligence in Horticulture.pptx
Mechanization and Artificial Intelligence in Horticulture.pptxJawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur 



Agricultural engineering
Agricultural engineeringRamabhau Patil 



Why Agricultural Engineering is So Important
Why Agricultural Engineering is So ImportantRamabhau Patil 



Tanvir Sultana, M, PKSF.ppt
Tanvir Sultana, M, PKSF.pptSaykatAhmed 



Experience of CIMMYT & its partners with two-wheel tractors & other smaller s...
Experience of CIMMYT & its partners with two-wheel tractors & other smaller s...essp2 



PPT.Geoinformatics.pdf
PPT.Geoinformatics.pdfDr. Yogesh Kumar Kosariya 





Similar to Ch 1-2_UoG-RDAE 2022 (1).pdf (20)
Mechanization as a Solution for Skilled Labor Shortage of Paddy Farming Secto...
Mechanization as a Solution for Skilled Labor Shortage of Paddy Farming Secto... 


Mechanization as a Solution for Skilled Labor Shortage of Paddy Farming Secto...
Mechanization as a Solution for Skilled Labor Shortage of Paddy Farming Secto... 


Design, development and fabrication of a compact harvester
Design, development and fabrication of a compact harvester 


Lanka Agri
Lanka Agri 


6 th sem project report
6 th sem project report 


H05314853
H05314853 


Eng. okanya boniface  current situation of agricultural mechanization in uganda
Eng. okanya boniface  current situation of agricultural mechanization in uganda 


Credit Seminar:Adoption Of Precision Agriculture In Indian Scenario: It's Sco...
Credit Seminar:Adoption Of Precision Agriculture In Indian Scenario: It's Sco... 


Indian agriculture: Mechanization to Digitization
Indian agriculture: Mechanization to Digitization 


Transformation of the Smallholder Farming System: an Imperative for Africa Ag...
Transformation of the Smallholder Farming System: an Imperative for Africa Ag... 


sources of farm power.ppt
sources of farm power.ppt 


Transforming agriculture through_mechanisation
Transforming agriculture through_mechanisation 


National Conference On Agriculture For Kharif Campaign 2022 19 April 2022
National Conference On Agriculture For Kharif Campaign 2022 19 April 2022 


5 article azojete vol 8 47 52
5 article azojete vol 8 47 52 


Mechanization and Artificial Intelligence in Horticulture.pptx
Mechanization and Artificial Intelligence in Horticulture.pptx 


Agricultural engineering
Agricultural engineering 


Why Agricultural Engineering is So Important
Why Agricultural Engineering is So Important 


Tanvir Sultana, M, PKSF.ppt
Tanvir Sultana, M, PKSF.ppt 


Experience of CIMMYT & its partners with two-wheel tractors & other smaller s...
Experience of CIMMYT & its partners with two-wheel tractors & other smaller s... 


PPT.Geoinformatics.pdf
PPT.Geoinformatics.pdf 






Recently uploaded
Cousera Cap Course Datasets containing datasets from a Fictional Fitness Trac...
Cousera Cap Course Datasets containing datasets from a Fictional Fitness Trac...Samuel Chukwuma 



EIS-Webinar-Info-Governance-Age-AI-2024-02-27-for-distr.pdf
EIS-Webinar-Info-Governance-Age-AI-2024-02-27-for-distr.pdfEarley Information Science 



introduction-to-crimean-congo-haemorrhagic-fever.pdf
introduction-to-crimean-congo-haemorrhagic-fever.pdfSalamaAdel 



Unlock user behavior with 87 Million events using Hudi, StarRocks & MinIO
Unlock user behavior with 87 Million events using Hudi, StarRocks & MinIOnadine39280 



Creating Data Warehouse Using Power Query & Power Pivot
Creating Data Warehouse Using Power Query & Power PivotThinkInnovation 



AWS_projects related AWS services such as feature store store and clarify
AWS_projects related AWS services such as feature store store and clarifyVarun Garg 



Growing  through Artificial Intelligence (AI)
Growing  through Artificial Intelligence (AI)OmChou6 



Shenzhen Superworker Technology Co.,Ltd-Company profile and catalogue.pdf
Shenzhen Superworker Technology Co.,Ltd-Company profile and catalogue.pdfskymentammy 



Why Choose Canada for your next film project
Why Choose Canada for your next film projectnubreed2019 



Ratio analysis, Formulas, Advantage PPt.pptx
Ratio analysis, Formulas, Advantage PPt.pptxSugumarVenkai 



MongoDB Lab Manual (1).pdf used in data science
MongoDB Lab Manual (1).pdf used in data sciencebitragowthamkumar1 



Prometheus Grafana Dashboard for Cassandra 5
Prometheus Grafana Dashboard for Cassandra 5Sarma Pydipally 



Feb 2024 Apache Hudi Community Sync with Daniel Ford
Feb 2024 Apache Hudi Community Sync with Daniel Fordnadine39280 



Pereira_EBM_Assign3.docx1234123412341234
Pereira_EBM_Assign3.docx1234123412341234LR1709MUSIC 



TainoMoreiraPereiraLuis_Assignment_4.docx
TainoMoreiraPereiraLuis_Assignment_4.docxLR1709MUSIC 



Data Breach on social platform Presentation
Data Breach on social platform Presentationvandna609 



WOMEN IN TECH EVENT : Explore Salesforce Metadata.pptx
WOMEN IN TECH EVENT : Explore Salesforce Metadata.pptxyosra Saidani 



Benchmarking Automated Machine Learning For Clustering
Benchmarking Automated Machine Learning For Clusteringbiagiolicari7 



Marginal Costing, Features, Advantages , Disadvantage
Marginal Costing, Features, Advantages , DisadvantageSugumarVenkai 



presentation big data analytics on Apache spark
presentation big data analytics on Apache sparkVarun Garg 





Recently uploaded (20)
Cousera Cap Course Datasets containing datasets from a Fictional Fitness Trac...
Cousera Cap Course Datasets containing datasets from a Fictional Fitness Trac... 


EIS-Webinar-Info-Governance-Age-AI-2024-02-27-for-distr.pdf
EIS-Webinar-Info-Governance-Age-AI-2024-02-27-for-distr.pdf 


introduction-to-crimean-congo-haemorrhagic-fever.pdf
introduction-to-crimean-congo-haemorrhagic-fever.pdf 


Unlock user behavior with 87 Million events using Hudi, StarRocks & MinIO
Unlock user behavior with 87 Million events using Hudi, StarRocks & MinIO 


Creating Data Warehouse Using Power Query & Power Pivot
Creating Data Warehouse Using Power Query & Power Pivot 


AWS_projects related AWS services such as feature store store and clarify
AWS_projects related AWS services such as feature store store and clarify 


Growing  through Artificial Intelligence (AI)
Growing  through Artificial Intelligence (AI) 


Shenzhen Superworker Technology Co.,Ltd-Company profile and catalogue.pdf
Shenzhen Superworker Technology Co.,Ltd-Company profile and catalogue.pdf 


Why Choose Canada for your next film project
Why Choose Canada for your next film project 


Ratio analysis, Formulas, Advantage PPt.pptx
Ratio analysis, Formulas, Advantage PPt.pptx 


MongoDB Lab Manual (1).pdf used in data science
MongoDB Lab Manual (1).pdf used in data science 


Prometheus Grafana Dashboard for Cassandra 5
Prometheus Grafana Dashboard for Cassandra 5 


Feb 2024 Apache Hudi Community Sync with Daniel Ford
Feb 2024 Apache Hudi Community Sync with Daniel Ford 


Pereira_EBM_Assign3.docx1234123412341234
Pereira_EBM_Assign3.docx1234123412341234 


TainoMoreiraPereiraLuis_Assignment_4.docx
TainoMoreiraPereiraLuis_Assignment_4.docx 


Data Breach on social platform Presentation
Data Breach on social platform Presentation 


WOMEN IN TECH EVENT : Explore Salesforce Metadata.pptx
WOMEN IN TECH EVENT : Explore Salesforce Metadata.pptx 


Benchmarking Automated Machine Learning For Clustering
Benchmarking Automated Machine Learning For Clustering 


Marginal Costing, Features, Advantages , Disadvantage
Marginal Costing, Features, Advantages , Disadvantage 


presentation big data analytics on Apache spark
presentation big data analytics on Apache spark 











Ch 1-2_UoG-RDAE 2022 (1).pdf

	1. 12/25/2022
1
Agricultural MACHINERY &
Implements
1
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MSc in Water Resources Engineering &
Management
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CHAPTER ONE
Basic Principles of Agricultural Mechanization
2
What is Farm Mechanisation?
 is applicable to
 land preparation,
 planting, fertilizer application, weeding and
 crop harvesting,
 rearing, caring and feeding of animals
 as well as processing and storage of farm produce, using appropriate farm machinery.
3
Why we must use Mechanisation?????
 Area- 1,129,300 sq. Km (world bank, 2018)
 Agricultural land - 111.5million ha, suitable for agriculture (74.5million ha)
• Currently under production: 13.6million ha
• <1% of land used tractors, 0.7% for land preparation, 0.8% for thresher, (Diriba, 2020)
• Crop diversification: Teff, wheat, barley, corn, rice, soyabeans, haricot beans, chickpeas, beans, lentils
sesame, ground nuts, coffee & tea, cotton, horticulture & apiculture
 Water resource potential
• Surface water potentials; 124 BCM,
– 12 major lakes with storage potential of 84.79 BCM,
– twelve River basins,
• Ground water 30 MCM (Ayalew, 2018)
 Population- 112.1million (CSA, 2021), increased 2.5% annually, 172 million in
2050
 70% are youth, above 18+
 National strategic plans-to achieve wheat national self-sufficiency by 2023.
• Wheat in irrigation-The potential area around 500,000 hectares
• Scaling and expansion of irrigation projects
– the development of small-scale irrigation to 1.7 million ha between 2015 and 2020
– 2.5million ha under irrigation 4
GDP from service- 786.8 billion birr
From agr-650.3 billion birr
From manufacturing-576.9 billion birr
2.2% of land used tractor (agri office, 2022)
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Why we must  use ctd…?
Problems
• Food production and productivity
– 22.4 million people in Ethiopia lacked sufficient food for consumption
(Saifaddin Galal, 2021).
• Inflations rate: 34.5% (CSA, 2022)
– Food inflation: 41.6%
• Unemployment: 2.1%
• Locust invasion destroyed over 200,000 hectares of land,
– over 16.5 million people are in need of urgent assistance.
• Drought
– 14 million people affected in east Africa
– 2.8 million in Somali regions, east African magazine, feb, 2022
– 3.2 million in Oromia and southern region,
• Climate change
– Ethiopia has lost a cumulative level of over 13% of its current agricultural
output between 1991 and 2008 (Aragie, 2013) .
• Balance trade= -2735.1 Million USD dollar
5
1.1. Why we study ctd…
 Group Assignment (Group 1)
• Identify and discuss the SWOT analysis of using agricultural
mechanization in Ethiopia
– Strengths
– Weakness
– Opportunities
– Threats
6
Accessible areas for mechanization in Ethiopia
7 8
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Therefore
• Agricultural Mechanisation:  is
– a necessity, not an option
9
1.1. Definitions of Terms
• A tool:- is the simplest physical aid used in agriculture
10
1.1.Introduction definition ctd…
An implement:-
 It applies to any device
which is relatively simple
 for performing a mechanical
or manual operation.
 It performs better job than
tool.
 Sprayer-manual operation
11
Filling machine
Food bag making machine
A machine:- is a device with a
specific mechanism in it to perform
a specific task or
tasks with certain mechanical
advantage.
12
1.1.Introduction definition ctd…
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Machinery
•
Industry machinery
Machinery
IT is  the constituent part of a
machine or instrument.
It is the name for machines
collectively,
the technology of using machines and
the constituent parts of a machine.
13
Definition ctd…
Farm machinery
 can be defined as any type of machinery that is
 used in the process of agricultural production (crop production or animal
production).
 E.g. tractors, trailers, combine harvesters
and planter etc.
Mega machinery 14
Definition ctd…
In short…
15
Tool → Implement → Machine → Machinery
→ Farm Machinery
Definition ctd… Farm machinery Cont…
 If machines were used:
 The farmer and his animal can be relieved of hard works
 Machines do the job better and quicker
 People gets more leisure and devote more time for other works
 Quality and quantity reduction of animal products come to an
end
 Some operations may need heavy machineries include:
 In deep ploughing in case of deep rooted crops
 For killing harmful weeds by deep tillage
 For leveling of uneven land
 For application of insecticides
 For drainage purpose etc.
16
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Mechanization
• Modernization of  agriculture requires appropriate machinery for
– ensuring timely field operations,
– effective application of agricultural inputs and
– reducing drudgery in agriculture.
Advantages of mechanization
• Increase cropping intensity
• Ensure large area coverage and timeliness
• Increasing farm labour productivity
• Increases crop productivity and profitability
First step in mechanization
• Get good hands on training
• Read manufacturer information
• Give attention to maintenance
• Understand do’s and don’ts with respect to equipments and machinery used
• Take utmost care in following safety tips given in the manufacture information
booklet.
17
Farm machinery Cont…
Agricultural mechanization
 is the process of using agricultural machinery to mechanize
 the work of agriculture, greatly increasing farm worker productivity.
 It is the use of tools, implements and machines for agricultural
 land development,
 production,
 harvesting and
 on farm processing.
 Means developing and using
agricultural machines
 by substituting human and animal
power in farms to increase agricultural
production.
 It is a way of improving farming operations through
 the use of machines, equipment and structures to enhance productivity.
 Machines are generally used to do various works on the farm.
 E.g., land clearing, land preparation for planting, crop planting and crop harvesting
18
History of mechanizations
• Group Assignment
• Group 2
19
1.3. Levels of Mechanization Technology
1. Hand tool
technology
2. Draught
animal
technology
3.
Mechanical
power
technology
21
Mower
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Categorize the figure  below- level of Mechanization technology
22
Chainsaw Rotary tiller
Mini tractor for tillage
Scraper
1.3. Levels ctd…
1. Hand tool technology
 is the simplest & most basic level
 the use of tools and simple implements using human muscle as the main
power source
Potential constraints
• Higher Labor costs
• Labor unavailability
• Unavailability of tools/implements
• Cost of tools/implements
• Social/cultural traditions
• Local factors
23
Level ctd…
2. Draught animal technology
 refers to implements and machines utilizing
animal muscle as the main power source.
Potential constraints
 Disease availability of veterinary services &
medicine
 Unavailability of implements/harnesses
 Unavailability of services for equipment
 Local factors
 Shortage of draft animals
 Size and type of animal
 Animal husbandry
practices
 Lack of feed
Animal driven water pump
24
A baby with
donkey in China
Farm technology experience in Ethiopia
25
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Cont…
3. Mechanical power  technology
 is the highest technology level in agricultural mechanization.
 It embraces all agricultural machinery, which obtains its main
power from other sources other than muscular power.
Potential constraints
• Unavailability of appropriate machinery
• Unavailability of foreign exchange for imports
• Unavailability of credit
• Unavailability of supplies
• Shortage of repair and maintenance
• Average plot size too small
• Inaccessibility to the fields (lack of infrastructures, e.g., road)
• Shape of the fields (irregular shape)
• Lack of trained operators and training
• Local factors
26
Group Assignment
• Compare and contrast the local farmers and investors
in Ethiopia based on
– average farm size,
– Land use policy
– Import Taxation laws
– Credit conditions for development of mechanizations
27
Group 3
1.5. Critical factors for the development of mechanization
Group Assignment
Group #4
28
1.6. Limitations (Problems) of Agricultural Mechanization
 Most farmers are not educated to operate machinery
 Land tenure systems don’t allow large land holding
 Small land holding
 Differences in soil type, no machine is invented locally to suit
local conditions.
 Spare part are not available locally.
 Nature and topography of the field.
 Most agricultural machines are costly
 Less investing capacity of farmers
 No adequate facilities for repair and maintenance/service
facilities
 Lack of coordination b/n research organizers and manufacturers.
 Adequate availability of draft animals. How it affects????
29
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1.7. Benefits of  farm mechanization
30
 Timeliness (suitable time) of operation
 Precision of operation
 Improvement of work environment
 Enhancement of safety
 Reduction of drudgery of labor
 Reduction of loss of crops and food products
 Increased productivity of land
 Increased economic return to farmer
 Improved dignity of farmer
 Progress and prosperity in rural areas.
1.8. Types of implements
 Based up on their relation to the power units (usually
tractors),
1. Pulled or trailed implement:
o single pin (one-point hitch)
2. Mounted implement:
o three-point hitch
3. Semi-mounted implement:
o two - point hitch
4. Self-propelled machine:
o power unit is an integral part
31
attached to the tractor drawbar with a
single pin and clevis (one - point hitch).
the implement is free to pivot horizontally
about the hitch point.
Pulled and guided from a single hitch point
and
is never completely supported by the
tractor.
 Cannot be raised or lowered
1. Pulled or trailed implement
Fig. trailed offset disc harrow
32
Fig. trailed Fig. mounted
 Attached to the tractor through a three-point hitch linkage
 it is completely supported by the tractor when in the raised position.
 The three point hitch helps to raise and lower implements.
Advantages:
o Maneuverability (planned) and ease of transport
o Should be reasonably light to facilitate lifting
Post hole digger
33
2. Mounted implement:
Fig. Mounted implement
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 Attached to  the tractor through a
horizontal or nearly horizontal
hinge axis (two-point hitch) and
 is partially supported by the
tractor, at least during transport,
 but is never completely
supported by the tractor.
 These implements are normally
provided with wheels.
34
3. Semi-mounted implement:
4. Self-propelled machine:
 the propelling power unit is an integral part of
the implement.
 Contains both
 the power source (engine) and
 power transmission devices (drive train).
R4038 Sprayer
Combine harvester Forage harvester 35
36
Chapter TWO:
Tillage Implements
38
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 Basically, tillage  is the preparation of land for planting.
 Tillage is the physical or mechanical manipulation of the soil for
planting and
 the process of keeping it loose and free from weeds during the growth of
crops &
 result in good tilth for better germination .
 it is the practice of modifying the state of the soil in order to
provide conditions favorable to crop growth.
 It consists of
 breaking the compact surface of earth to a certain depth,
 loosening, turning or working the soil in preparation for planting.
 is most labour & power consuming and difficult operation,
compared to all subsequent operation in the field.
2.1. Introduction
2.1.1. Tillage Operations
40
2.1.2. Objectives of Tillage
 To obtain good seed bed, suitable for different type of crops.
 To facilitate root penetration
 To bury plant residues for the improvement of soil humus
condition
 To increase water infiltration capacity of the soil.
 To improve soil aeration and soil temperature for proper growth of
crops,
 i.e., to facilitate free circulation of air and adequate heat in the soil.
 to destroy insects, pests and their breeding places
 To destroy and prevent weeds and to remove unwanted crop plants.
 To prevent erosion and
 To promote soil conservation or control of soil moisture
41
2.2. Classification of tillage
42
2.2.1. Comparisons of Types of tillage
Primary tillage
 The operations performed to open up any
cultivable land with a view
 is the initial major soil working operation,
 followed by subsequent tillage operations.
 Also called ploughing
 which is opening of compact soil with tools
and implements.
 It is the first stage of opening up the soil up
to a depth of 15 to 91cm and thus it disturbs
the soil highly.
 Some of types of primary tillage's.
 Mouldboard
 Disk plough
 Heavy duty harrow
 sub-soiling and
 chisel plough etc
Secondary tillage.
• Finer operations are performed on the
soil after primary tillage
• to prepare a seed bed for growing crops
• is the subsequent tillage operations,
• which follows primary tillage
– to stir the soil at comparatively
shallow depths.
• It is intended to
– create refined soil conditions.
• Example
– Harrow - weed control mulcher
– Cultivator - roller etc…
Secondary tillage
Primary tillage
43
VS
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Conventional Ridge Tillage  vs. Conservation Tillage
 At the same farmer, same land, & same date
44 45
Types of tillage cont’d
Conservation tillage practices
 are tillage practices where soil and moisture are conserved by
tillage practices like
o Minimum (reduced) tillage,
o No (zero) tillage,
o Ridge tillage and
o Rotary tillage.
47
Leaves less than 15%
residue on the soil surface
Leaves at least 20% residue
on the soil surface
Leaves the soil covered
100%
Types of tillage cont’d
1. Minimum (reduced) tillage
• is the minimum soil manipulation necessary for crop production or for
meeting tillage requirements under the existing soil conditions.
• reduces some of the practices in conventional tillage.
• Instead of ploughing direct harrowing (cultivation) and then planting
– i.e. clearing is followed by cultivation, then planting by ignoring plowing.
• One equipment is used to do as many jobs as possible in one operation.
• Keeps 30-50% crop residue on soil surface.
48
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Minimum tillage cont’d
The  major objectives of minimum tillage are:
 To reduce mechanical energy and labor requirement
 To conserve soil moisture and reduce soil erosion
 To perform only the operations necessary to optimize the soil conditions for
each type of area with in a field
 To minimize the number of trips over the field.
49
Minimum Tillage Approaches
(Permanent Bed Systems)
Minimum Tillage Implements
(Non-permanent Bed Systems)
Types of tillage cont’d
2. No or Zero tillage
 is a procedure whereby a planting is made directly into unprepared seedbed.
– of course, it is not actually zero but approaches zero.
– Here all the practices are accomplished once at the same time.
 It is extreme form of minimum tillage.
 Primary tillage is avoided & secondary tillage is restricted to seed bed
preparation in the only row zone.
 The advantages of no tillage are:
 Early planting of a following crop
 Reduced labor and machine costs
 Reduced danger of soil blowing, and
 Soil and water conservation
 There are three general systems for no tillage
1. Planting in unbroken land or a sod of blue grass fescue or lespedeza.
2. Planting in cover crops, such as small grains.
3. Planting where the crop stubble or crop residue is on the soil surface.
50
Zero tillage planter
China Zero tillage planter
51
3. Ridge tillage (ridge planting)
• In this system, ridges are first formed with a special
plough or a set of large diameter disk hillers.
• The ridges are built on the contour and the seeds are
planted on the ridges with conventional planters.
• is most suited for areas of high rainfall.
• it results in a lower equipment cost for a continuous
row cropping system.
• The wheels of the equipment always operate in the
furrows,
– hence the physical condition of the soil on the ridge
is least affected.
• In dry land areas
– tying the ridge about every 3 – 6 meters along the
furrow will conserve
much moisture by keeping
the water between the tied
ridges.
52
 


	13. 12/25/2022
13
4. Rotary strip  tillage system
 here a narrow strip of land along the row is tilled,
and the areas between the rows are left undisturbed.
 A thoroughly tilled seedbed and planting can be
accomplished with
 a single tiller and planter in a single seedbed preparation and
 planting are done separately by two different machines.
 In this practice there is no inversion of land instead
there is cultivation only to a shallow depth by using
rotary tiller.
 The objective is
 to conserve moisture by leaving residue on the top
surface.
 It protects the moisture from being lost by
evaporation.
 It also keeps loss of the soil particles by wind erosion.
53
No-till Ridge-till Strip-till
54
56
Mouldboard plough Subsoiler
Reversible plough
Disc plough
Primary
tillage
Rotary tiller
Chisel plow
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2.2.2. Primary tillage
•  Maintain to open the hard soil
• Inversion of mud
• Uprooting of weeds &
stubbles
• Deep tillage-
– subsoiler & chisel plough
• Sub-soiling &
• year round tillage
57
• Opening of the compacted soil with the help of different tools &
implements of plows
Penetration: 15 to 76-91cm
Objectives of Primary tillage
• To reduce soil strength
• To rearrange aggregates
• To cover plant materials and burry weeds
• To kill insects and pests
• Uprooting of weeds and stubbles.
• Inversion of soil
58
Primary Tillage Implements
 Implements for primary tillage include:
1. Mould board ploughs
2. Disk ploughs
3. Chisel ploughs
4. Sub-Soilers/subsurface tillers
5. Rotary tillers,
6. Heavy duty disc harrow
 Mould board and disk ploughs
 cut, shatter and at least partially invert the soil.
 Chisel type ploughs and sub-soilers
 breakup the soil without inverting
59
Primary Tillage Implements
Plows
Wooden plows
Iron or inversion plows
Special purposes plows
60
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Primary Tillage Implements  cont’d…
1. Mould Board Plough
 It is designed to cut a narrow strip of soil
called furrow slice.
 In the process of inverting furrow slice,
 it is moved some distance leaving an open
groove or trench called the furrow.
 (MBP) can be left or right handed.
 Most are, of course, right handed.
 i.e. they move the furrow slices to the right.
 The most important and widely used implement
for primary tillage operations.
 This plough performs several functions at a time such as
 Cutting the furrow slice
 Lifting the furrow slice
 Turning the furrow slice
 Pulverizing the soil
61
Pulverizing is reduce to fine particles
Primary Tillage Implements cont’d…
 Basic Plow Parts
1) The main frame
2) Plough bottom
3) Axle and wheels depending on the type
4) Attachments
1. Main frame/Beam
 Made of tubular steel of either
rectangular or round cross section
 Provide extremely strong
 backbone to which other
components are attached.
62
Basic plow parts
63
Primary Tillage Implements cont’d…Mouldboard
64
Primary Tillage Implements cont’d…Mouldboard
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Primary Tillage Implements  cont’d…Mouldboard
2. Plough Body/Plough Bottom/
 It is composed of parts that are necessary for lift, turn and invert the soil.
 Refers to the complete assembly of working
components for a single furrow
 Is a three sided wedge with
 the land side and
 the horizontal plane of the share’s cutting
edge acting as flat sides and
 the top of the share and the mouldboard
together acting as a curved side
 The primary functions of the plough bottom are to
– cut the furrow slice
– shatter the soil
– invert the furrow slice and
– cover the trash 65
Plough body
4. Attachements
• Jointer
• Gange wheel/beam wheel
– Attached the end of the beam & used to
control the ploughing depth
• Land wheel
– Runs on the unploughed land
• Front and rear furrow wheel
– Runs on the furrow at the front and
rear
66
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The principal parts are:
1. Beam 4. Landside
2. Share 5. Frog
3. Mould Board 6. Coulter
Beam
 the part to which the power is applied,
 the other parts may be considered
as attached directly or indirectly to it.
Share
 Penetrates into the soil and cut the soil in horizontal direction below
separating the furrow slice from the soil below
 It is a sharp, well polished and pointed component.
 For proper penetration and efficient work,
 the mouldboard ploughs need some clearance where the share joins the landside.
 This clearance is called suction of the plough.
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Mould board
 Receives the furrow slice from the share and lifts, turns
(inverts) and pulverizes (breaks) it.
 Different soil conditions require mouldboards of varying shapes
and sizes to carry out a good ploughing.
 The factors that determine the degree of soil pulverization.
 The texture of the soil,
 amount of moisture and
 extent of vegetative cover on the surface
 The pulverization and inversion
depend upon the curvature of the
mouldboards.
• ..download materialsfarm machinery videosreversible MB
Ploughing.mp4
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Types of mouldboards
  there are different types of mouldboards designed for different
soil conditions
i. General Purpose bottoms
ii. Black land bottoms
iii. Stubble
iv. Sod or breaker
v. Slat
69
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i. General Purpose
 Used for normal work.
 The surface of the mouldboard has gradual slope and is slightly
convex.
 It has medium curvature lying in between stubble and sod (two
extremes) and is suitable for a wide range of soil conditions
 It is the best for all round general farm use to give through
pulverization.
 It turns a well-defined furrow slice and pulverizes the soil
thoroughly.
70
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ii. Black Land
 It has a relatively small mouldboard area, and its shape tends to
promote scouring in soils such as heavy black land
 Scouring is the movement of the soil across a tool surface without
sticking, and fast enough to avoid soil buildings
 In non-scouring situations, the soil flows over a layer of soil
attached to the tool surface, usually resulting in increased draft and
poor performance.
71
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iii. Stubble type
• It is short and broader mouldboard has abrupt (sharp) curvature
along the top edge
– which causes furrow slice to be thrown over quickly resulting in better
pulverization as compared to other types.
• it is suitable for stubble soil in which plant residues of previous
crop present.
• Is not suitable for high speed ploughing
72
Stubble is the cut stalks of cereals plants left sticking out of the ground after the grain is harvested
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Iv. Sod or  breaker
• It is the longest mouldboard with greater twist along the length
to provide thorough turning and less pulverization.
• In general it used where complete inversion is required.
• It used in tough and heavy soils with weeds/trash or grass
lands.
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Primary Tillage Implements cont’d…Mouldboard
v. Slat type
• Slat is a thin, narrow piece of wood, plastic, or metal like a fence
• The surface is made of slats placed along the length of mouldboard
so that there are gaps between slats.
• It is done to reduce surface area.
• Is best suited for sticky soils where other types do not rub well.
74
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Landside
 which slides along the furrow wall, providing stability against
tilting sideways, due to soil pressure acting on the mouldboard.
 It is bolted to the side of the frame opposite to the mouldboard
and is usually made of hard cast iron.
 The rear bottom of the landside is known as heel which rubs
against the furrow bed.
 It receives the downward pressure due to the weight of the
plough and of the furrow slice
75
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Frog
 which the share, mouldboard and land side are attached rigidly.
 It is an irregular piece of metal casting and
heart of the plough bottom.
 It may be made of either cast iron or steel.
Coulter
 Attached to the mouldboard to cut the furrow slice vertically ahead of
the plough bottom separating the furrow slice from the un-ploughed
land
 They also cut trashes which are covered
under the soil by the plough.
 The coulter may be
– sliding or knife type
– rolling or disk type
76
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i. Sliding/knife Type
  It includes knife, which does not roll over the ground but slides
on the ground,
 The knife may be different in shapes and sizes.
 the sharper it is, the better;
 but it must be thick enough to withstand wear and shocks
 Knife coulters are often used on animal drawn ploughs in
developing countries.
ii. Disc /Rolling coulter
 It is round steel disc, used on ploughs to cut trash and help to
keep the plough from clogging.
 Used where the knife type would cause difficulty by blocking.
 Commonly used on tractor ploughs, except in very hard ground.
77
Primary Tillage Implements cont’d…Mouldboard Primary Tillage Implements cont’d…
2. Disk Ploughs
 It was brought out in an effort to reduce
friction
 by making a rolling bottom
 instead of a bottom that would slide
along the furrow.
 It consists of a series of individually
mounted, inclined disc blades on a frame
supported by wheels.
 The discs are set at angle to the line of
travel, and
 it turns the furrow slice to one side with a
scooping action.
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 Disc ploughs are most suitable for conditions under which
moldboard ploughs do not work satisfactorily, such as:
 Sticky, waxy, gumbo, no scouring soils and soils having a hardpan or plow sole,
 Dry, hard ground that cannot be penetrated with a moldboard plow,
 Rough, stony, and Rooty ground where the disc will ride over the rocks,
 Peaty and leaf-mold soils where the moldboard plough will not turn the slice,
 Deep ploughing.
 In disc ploughs the share, coulter and moldboard are replaced by a
heavy revolving, concave steel disc.
 A moldboard plough, in soils and moisture conditions where it
works properly,
 does a better job than a disc plough and
 has a lower specific draft.
79
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Basic components of Disk plough
o Disc blade is perfectly round, concave usually representing sections of a
hallow sphere and with sharpened edge
o to aid in the penetration of the soil and is specified by its diameter and thickness.
o Frame is a part upon which all the components are attached and supported.
o It can have tubular rectangular or round cross section.
o Disc bearings are parts on which the disc blades are rotating on a shaft.
o Good disc bearings should be large, strong and have little friction.
o They should be well sealed, for they are close to the earth, in fact, they are often
right in it.
Frame
80
Support stand
Disk scrapper
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o Remote hydraulic cylinder controls the depth of cut and used to raise and
lower the implement during turning and transporting.
o Rear wheels and Furrow wheels are automatically controlled from the
steering mechanism at the front of the tractor.
o It controls the depth of cut and supports the rear end of the plow.
o Support stand supports the plow at its front end when it is disconnected from
the tractor.
4. Disk plough attachments
i. Disk scrapper
 which give a good turning effect, covering the sod and
trash in a more satisfactory manner.
 They also keep the disk blades clean.
 They provide greater pulverization of the furrow slice and enable the plough to
invert the slice and cover trash much better.
 There are three types of scrappers;
 the moldboard, the hoe, the disk and reversible type.
81
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ii. Weights
 Extra weights are added:
 In tough, hard soil conditions, where penetration
is difficult,
 weights are bolted to the outer surface of the rear wheel or
 on the frame.
 To hold the wheel in the furrow for preventing the
disks riding out of the soil.
iii. Rear wheel Flange and Scrappers (Rear Axle)
 In loose ground or sandy condition, an auxiliary flange and
scrapper are used to
 prevent the rear wheel from penetrating too deeply into the furrow bottom.
 The scrapper cleans soil from the wheel and
 it should be adjusted barely to clean the wheel surface.
82
weights
Primary Tillage Implements cont’d…
Adjustments of disc plow
 There are two angles that the disc should be adjusted: tilt angle and
disk angle
i. Tilt angle
 It is the angle at which the plane of the cutting edge of the disc is inclined to
vertical plane.
 Usually, the tilt angle of good plough varies between 15 and 250.
 Helps for turning of furrow slice
 Increasing the tilt angle from 15 to 25o
 increases the draft slightly and
 tends to reduce penetration,
 but effectively turns the furrow slice
 Increase width of cut
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ii. Disk angle
 It is the angle at which the plane of the cutting edge of the disc is
inclined from the direction of travel towards the un-ploughed side of the
land.
 Usually, the disc angle of good plough varies between 42 and 450
 As a general rule, draft is lowest at a disk angle up to 450
 Increasing disk angle tends to increase penetration
Figure. Disc angle and Tilt angle 84
 


	21. 12/25/2022
21
Disk Ploughs over  Mouldboard
Advantages
 Disc plow can be forced to penetrate
into soil, which is too hard and dry
 works well in sticky soil in which a
mould board plow doesn’t scour.
 It is more useful for deep plowing.
 It can be used in stony and stumpy soil
without much danger of breakage.
 A disc plow works well even after a
considerable part of disc is worn off in
abrasive soil.
 It works in loose soil without much
clogging.
 When scrapers are fitted it also inverts
the soil.
 If disc plow is used without scraper it
has more mixing action rather than
inversion.
 The maintenance cost is low, as there
are no shares to replace or sharpen as
compared to mould board plows.
Disadvantages
 Disc plow cannot be used at high speed
since for cutting action at slow speed is
necessary.
 It is not suitable for covering surface
trash and weeds as effectively as mould
board plow.
 It leaves field rough and cloddy than
mould board plow.
 It is heavier than mould board plow for
equal capacities as penetration depends
on weight rather than suction.
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3. Rotary Tiller
 It is powered from the tractor power-take-off.
 The rotor is equipped with a series of “L” shaped shovels, which cut into the
soil due to the rotation of the rotor.
 In doing so the surface residue is thoroughly incorporated into the tilled soil.
 No open furrows exist after a rotary tiller has passed;
 Usually a field is tilled in two trips;
 the first shallow and
 the second somewhat deeper;
 Little or no secondary tillage is required;
 Drawbar power requirements are nearly zero
 because the rotor tends to move the machine forward as it works (Negative Draft).
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 Soil tilth factors
 The rotor speed: - a fast rotor speed gives a fine tilth.
 The tractor forward speed: - a low forward gear will give a fine tilth.
 The hinged flap behind the machine: - gives a fine tilth when lowered and tilth
will be very coarse with the shield raised.
 Number of blades per flange- high # of blade gives a fine tilth.
 Drawbar power requirement
 Rotary tillers are being used to:
 Shred stalks and mix them with soil
 Replace the plow, disk and harrow
 Reclaim wasteland
88
Cultivate row crops
Till orchards and vineyards
Renovate pastures
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• Three types of horizontal-axis tillers are available
1. Tractor-drawn or mounted:- with auxiliary engine for tiller power.
89
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2. Tractor-drawn or mounted:- powered by tractor PTO.
90
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3. Self-propelled, walk-behind garden tillers.
91
Self-propelled rotary tiller
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4. Sub-Soilers
 There are three layers of soil in many areas;
 the top soil,
 the hard pan (chisel plow works)
 the subsoil (subsoiler works), and
 bed rock
 Ploughs, tillers and harrows usually work the
top soil.
 Chisels usually work the hard pan.
 It works in deeper soil.
 Generally it is a heavy-duty tool designed
 to operate below the normal depth of tillage and
 to loosen the soil by lifting or displacement.
 Sub-soiling is done
 to break up the impervious layers formed below the
normal tillage depth
 to improve water infiltration, drainage and root
penetration.
92
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Video presentation
94
Subsoiler/Ripper Chisel  plough/Subsoiler
• ..download materialsfarm machinery
videosChisel plow-Subsoiler 7 Tines.mp4
Subsoiler
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 For effective yield increase sub-soiling must be done in the
following conditions:-
1. It should be done when the soil is relatively dry to permit shattering
of the hard layer;
2. The soil below the hard layer must have excessive water holding
capacity;
3. The soil below should not be acidic or alkaline to discourage root
growth;
4. Tractors and heavy implements must be operated at least one foot
away from the sub-soiling slot during the subsequent field
operation;
5. Do not operate deep to sandy soils if the water table drains rapidly
during dry weather.
96
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99
Subsoiler with  clod breaker roller
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5. Chisel Plow
 These are becoming more popular as primary tillage tool in row crop
farming areas.
 Basically it is a heavy duty field cultivator intended to operate at depths
15cm to as much as 46 cm.
 It is a tool with a rigid curved or straight shank with relatively narrow
shovel points.
Figure. Chisel Plough 100
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Advantage of the chisel plough
 For bursting up the sub soil
 For improving drainage
 For aerating the soil
 For breaking up the soil pan
 For pulling up deep rooted weeds
 For helping in reducing evaporation and erosion
 Not dead furrows, back furrows or open furrows other than
 the narrow slots are left in a field which has been chisel ploughed
since chisel plough does not invert soil. 104
Types Of Primary Plows
105
Depending on the purpose, soil conditions & nature of weed
SECONDARY
TILLAGE Spring tooth harrow
Spike tooth harrow
106
4.2.3. Secondary Tillage Implements
Advantages:
 It is easy to further break the furrow slices before they become
hard and dry as the furrow slices are being turned.
 It saves time that will be used for secondary tillage operation
alone.
 Reduces compaction.
Disadvantages
Discuss the disadvantages of secondary tillage
class activities
107
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Objectives of Secondary  tillage
• Improve soil tilth and prepare a seedbed
– To develop the seedbed by greater pulverization of soil clods.
• Manipulate plant residues and farm wastes.
– To cut up crop residue and mix vegetative matter or other material into the
topsoil.
• Manage water and air in the soil.
• To firm the topsoil for better moisture movement to aid seed germination.
• To conserve moisture and reduce evaporation.
• Control weeds and soil-borne insects, pests and diseases.
• Establish a surface layer which prevents wind and soil erosion.
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Types of Secondary tillage implements
1. Harrows
– Disc
– Spring tooth
– Spike tooth
– Acme/knife
– Patela
– Blade
– Guntaka
– Triangular
2. Cultivators
– Spring
– Rigid tined
3. Rollers
4. Weed control implements
109
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1. Harrows
 implements that are used
 to break up clods,
 stir the soil,
 level the ground and
 prevent and destroy weeds by mechanically loosening or burying them.
 The three principal kinds of harrows are:
A. Disk harrow
B. Spring tooth harrow
C. Spike tooth harrow
110
Spring tooth Spike tooth
Disk harrow
Harrow
111
Harrows with rollers
Disc harrow
 


	27. 12/25/2022
27
Secondary Tillage Implements  cont’d…
A. Disk harrow
• It consists of a number of concave
disk blades
– with diameters from 40 to 60 cm mounted
on common shafts to form gangs.
• In operation the gangs are pulled at an
angle to the direction of travel with
the concave side of the disk slightly
ahead of the convex side.
• The action of the disk to the soil is a
combination of cutting, moving and
turning.
• While the basic action has a loosening
effect on the top layers and some
compaction results below the top
layer.
112
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The disk harrow is adapted to a wide variety of uses in
many types of farming practices and management.
Some of this uses are enumerated as follows:
• It is used before ploughing to cut up vegetable matter.
• It is used after ploughing to pulverize the soil and
– put it in better tilth for the reception of seed.
• It is used for the cultivation of crops.
• It is used for summer fallowing.
• When seeds are sown broadcast, it is used to cover them.
114
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 Types of disk harrows
 Based on hitching and transport disk harrow can be divided into
two general classes,
 trailing and
 mounted.
 Based on gang configuration (arrangement) into three;
 Single acting disk harrow,
 Double acting disk harrow , and
 Offset disk harrow.
 A gang is assembly of disks
all rotating together with a
common shaft or bolt through
their centers.
117
I. Single-action disk harrows –
 it consists of two gangs of disk blades placed end
to end to move soil in opposite direction.
 They tend to move soil toward the outside of the
strip being tilled and
 tend to leave an open furrow at the center.
 The width of cut varies from 4 – 12 ft (1.2-3.66m)
 If the width is greater than 12ft, a hinge is provided
to fold during transportation.
118
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 they are  often referred to as tandem disk harrows.
 They have a second pair of gangs following the front
gangs which are arranged with their concave disk sides
towards the centers
 hence pull back the soil to the center there by
avoiding open furrows.
 The soil is tilled twice with each pass and
 Soil is left more nearly leveled compared to single
action disking.
II. Double-action disk harrows –
119
center
120
• it is given this name because the harrow can be operated in offset
positions in relation to the tractor.
• This type has two gangs of disk;
– usually the blades on the front gang are arranged with all their concave sides to the
right hand side and
– those on the rear with their convex sides to the left hand side.
III. Offset disk harrows
121 122
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Disk harrow units or component parts
 such as the disks, disk gangs, frame, standards, bearings, bumpers, weight boxes
and leveling devices.
123
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 There are many factors within the disk harrow itself that will influence the depth to
which it will penetrate the soil.
 These are:
– The angle of the disk gang (increasing)
– The weight of the harrow, (adding weights)
– The sharpness of the disks (sharp)
– The size of the disks, (small diameter)
– The concavity of the disks (lesser concavity)
– The angle of the hitch (lowering the hitch point)
– Regulating the speed (low speed)
 All these factors are incorporated within the harrow itself.
 Other factors, however, that influence the depth of penetration have nothing
to do with the harrow; such as
 the condition of the soil,
 the amount of moisture,
 whether ploughed or un ploughed,
 the amount of trash on the soil, and
 the amount of organic matter that may be in the soil.
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B. Spring tooth harrow
 It is the most common, simple and light
harrows.
 In it, the teeth are spring assisted and
 teeth are close spaced and
 staggered so that those at the rear do not
follow in the tracks of the front ones.
 The harrow tills the soil at shallow depth.
 These implements are employed for the final
touches in the preparation of fine seedbeds
and covering of seeds.
 They are also used to remove trashes or crop
residues out of the field.
 The depth to which the teeth will penetrate
the soil is controlled by
 adjusting the angle of the teeth by means of
levers.
125
HYDRAULIC SPRING-TOOTH
WIDE LEVEL HARROW
C. Spike tooth harrow
 It is so named because the teeth that stir the
soil resemble long spikes.
 This harrow is also known as a peg-tooth, a
drag harrow, a section harrow and a
smoothing harrow.
 It is used in
 leveling and smoothening rough and stony
grounds,
 breaks the soil crust and
 penetrates as deep as 18cm.
 Used extensively to loosen previously
plowed soil and
 also used to cultivate alfalfa sod ahead of
grain drill seeding rice or small grains.
 Spike tooth harrows are made in sections.
 Each section will have tooth (spikes)
arranged in many rows.
 The sections may range in width from 1.2 to
1.8m.
 The tooth angle is adjusted to affect depth of
penetration.
126
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2. Cultivators
 it is a practice of tillage to produce optimum structure of soil for plants
before or after planting.
 A cultivator has a frame with a number of tines for breaking and stirring
the soil.
 There is a wide range of working width, from 2 to 8m to suit all sizes of
tractors.
 The tines are grouped to pass between the rows without disturbing the crop.
 While the action of the cultivator is
mainly one of the soil manipulations,
127 128
Cultivators
 Uses of the cultivators
 Seedbed preparation,
 especially after ploughing
 Stubble cleaning and breaking
 General weed control
 Cultivating between potatoes and other row crops.
 the primary objectives of cultivation are:-
 Retain moisture by:
 Killing weeds
 Loose mulching on surface
 Retaining rainfall
 Aerate soil to allow oxygen to penetrate soil,
 Promote activity of micro-organisms.
129
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Stubble-crop residue
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Types of cultivators
1. Spring Loaded Cultivators
2. Spring Tine Cultivators
3. Rigid Tine Cultivators
130
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1. Spring Loaded Cultivators
 There are non flexible tines held in their working portion by heavy
springs.
 The spring pressure pulls the tine down again and
 this action helps to shatter the soil.
Figure. Spring Loaded Cultivators 131 132
Fig. Components of Spring Loaded Cultivators
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2. Spring Tine Cultivators
 These are flexible, square or flat sectioned,
 sometimes with a coil at the top, which vibrate in the soil.
 The vibrating movement of the tines will give fast seedbed
preparation in most soil conditions.
133
Figure. Spring Tine Cultivators
Secondary Tillage Implements cont’d…
3. Rigid Tine Cultivators
 As the name suggests it comprises a number
of rigid tines mounted in a frame.
 They are similar to chisel plough.
 It runs at the same depth as the mouldboard
plough,
 but bursts the soil rather than inverts it.
134
Figure. Rigid Tine Cultivators
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4. Rollers and Packers
 These are used for more refined seedbed conditions.
 They may be classified according to
 surface packers and
 subsurface packers.
A surface packer
 consists of rollers made up with wheels with various types of open edges.
 Rollers are continuous with no open areas and are used
 to break up clods on the surface.
 to finish preparing the seedbed
 by thoroughly pulverizing and firming the loose soil
 so that there will be no large air spaces or pockets.
 It press the upper soil against the subsoil making a more continuous bed in
which
 moisture may move to the seeds and
 ultimately the roots.
135
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Rollers ctd…
Subsurface packer rollers
 are often desirable to pack the sub surface of the soil.
 Special tools for doing this are called subsurface packers.
 They consist of a number of wheels with V-shaped rims strung on
an axle with an overhead frame.
 The rims of the wheels setting close together; there is an interval
of several inches between them.
 The rims of these wheels are also rather narrow.
 Their V-shape allows them to
go below the surface,
pressing the soil together and
leaving good mulch on top.
136
Secondary Tillage Implements cont’d…
Figure. Rollers and Packers
137
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5. Weed Control Melchers
 Weed control mulcher with coil spring teeth are excellent tools
 for making mulch,
 for breaking the soil crust over germinating seeds, and
 for controlling and destroying young weeds just after the field crop plants
have began to grow.
138
Mulch laying machine
Mulch removing
machine
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Weed control in  horticulture
Wheeled mobile robot for Weed control
In row crops
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CHAPTER THREE:
PLANTING MACHINERY
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