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ABSTRACT 


 
An evaluation of smallholder draught animal power systems was conducted in six study areas in Masvingo 
and Chivi districts of Masvingo province over two seasons 1999-2000 and 2000-2002.  The objective was to 
investigate the effect of renovating animal-drawn ploughs and cultivators on field performance and on maize 
and cotton yields at smallholder level as well as to assess farmers’ attitudes and constraints in using draught 
animal power (DAP) and implements.  Trials were conducted to test the hypothesis that implements in good 
condition make better use of DAP than implements in poor condition in terms of field performance, quality of 
tillage and crop yields. 
 
Focus group discussions and a survey of 100 households were conducted to investigate the resource base of 
smallholder farmers.  Farmers were characterised into four wealth categories based on physical capital, as 
related to draught animal and implement ownership.  Fifty-three ploughs and two cultivators owned by 
different households were tested, before and after renovation, with the participation of the respective 
households.  An evaluation of the trials was conducted 14 months later to assess the benefits of implement 
renovation trials and the impact of training on attitudes of farmers towards operation, repair and maintenance 
of implements.  Surveys were designed and analysed using SNAP, while implement performance data were 
analysed by Statistical Analysis System (SAS). 
 
Results from the assessment of resource base of households showed that about 30% of households were 
resource-poor and lacked basic resources such as DAP, access to implements, adequate arable and grazing 
land and labour.  All farmers depended on cropping for food and income while livestock contributed more to 
better-resourced farmers.  Ninety-seven percent of smallholder farmers owned a plough, with the better-
resourced owning cultivators and harrows.  However, 60% of ploughs and cultivators were poorly 
maintained.  Poorer farmers generally owned older implements in worse condition than better-resourced 
farmers.  The mean age of ploughs and cultivators was 19 years and 15 years, respectively.  Up to 70% of the 
farmers lacked knowledge in correct setting of implements and did not have good skills in the correct use and 
maintenance of implements.  The mean cost of renovating a poorly maintained implement was 40% and 10% 
of the cost of a new plough and cultivator, respectively.  The old age of implements, removal of plough parts, 
poor access to spares and repair services, high cost of spares and lack of skills in correct use and maintenance 
were attributable to the poor condition of implements. 
 
Implement performance trials were conducted on paired plots each measuring 100 m by 8 m per test site.  
The farmer’s plough or cultivator was tested in its usual state and settings in one plot.  The other plot was 
ploughed after renovating the implement and using depth and width adjustments which suited different 
animal pulling capabilities and prevailing field conditions.  After plough renovation, draught increased 
significantly (P<0.0001) by 24%, while specific draught decreased by about 15% due to improved implement 
penetration.  Renovation did not affect work rate and field efficiency of ploughs but their weeding efficiency 
increased significantly (P<0.0001) by 21%.  Significant differences were observed in moisture content and 
shear strength (P<0.05) with no significant difference in bulk density (P>0.05) at different soil depths after 
plough renovation.  Draught potentials of all animal teams remained within pulling capacities after plough 
renovation.  Draught and speed of cultivators increased by 9% and 17%, respectively.  Weeding efficiency 
was significantly higher (P<0.0001) after renovating cultivators.  Water-logging reduced yields by 10% in the 
first season.  In the second season, yield increased by 24 and 12% in maize and cotton respectively, but with 
no significant difference (P>0.05) after implement renovation. 
 
Economic analysis results indicated that the average outlay on implement renovation would be recovered 
through yield gain.  Renovation of implements resulted in better implement control and handling, improved 
quality of tillage, a reduction in weeds and improved yields.  Shortage of DAP, lack of good knowledge and 
skills for operation, repair and maintenance of implements, poor access to spares, high cost of spares and 
limitations in training and extension were some of the constraints to increasing productivity.  The study 
demonstrated the value of implement renovation, correct operation and setting in achieving better return from 
the use of DAP for cropping.  Improving the use of DAP requires training of farmers as well as having 
reliable and appropriate input supply mechanisms for affordable implements and spares.  There is need to 
improve linkages between farmers, researchers, extension agencies and manufactures so as to develop 
solutions that enhance the use of DAP by smallholder farmers. 
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CHAPTER 1 


INTRODUCTION 


1.1 Draught animal power use by smallholder farmers in Zimbabwe 


Smallholder farmers in Zimbabwe depend on livestock as the main source of draught power for farm 


operations (Ministry of Lands and Agriculture, 1995).  Draught animals are an important component 


of smallholder farming systems in most developing countries and cattle are most used for draught 


(Ndlovu and Francis, 1997, Ellis-Jones, 2000).  Generally, livestock, particularly cattle are an 


important component to the communal farming system, providing farm inputs such as draught 


power, transport and manure (Shumba, 1984; Francis, 1996; Ndlovu and Francis, op cit; Ellis-Jones, 


op cit).  Draught animal power (DAP) is used primarily for tillage operations and transport.  The 


main tillage operations are land preparation and mechanical weed control (O’Neill, 1999). 


 


Shortage of DAP is one of the major constraints to increased crop production in communal areas of 


Zimbabwe (Tembo and Elliot, 1988; Elliot, 1989).  This constraint generally also affects other 


countries in the Sub-Saharan African region (ODA, 1992).  Shortage of DAP is second to land 


shortage as a constraint to agricultural production (Muchena, 1989 cited by Ndlovu and Francis, 


1997).  The effects of droughts have reduced the number of draught animals and a considerable 


number of smallholder farmers have inadequate draught power.  Due to large numbers of cattle that 


were lost as a result of droughts, donkeys are now being used more for draught than as pack animals 


for transportation (Francis, 1996). 


 


According to Barrett, O’Neill and Pearson (1992), 90% of smallholder farmers in communal areas 


of Zimbabwe are located in natural regions (NR) III, IV and V and own arable land ranging from 


about 2 to 5 hectares (ha).  Farming systems in Zimbabwe are based on the NRs map drawn by the 


Government of Zimbabwe (1984) and are described in Appendix 1.  Earlier findings by Goe (1989), 
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cited by Francis (1993), estimated that over 80% of households in communal areas of Zimbabwe 


used DAP provided by about 800 000 cattle.  About 60% of the national cattle herd is found in 


communal areas and up to 65% of communal farmers own cattle (Mudimu, 1983; Bratton, 1984; 


Shumba, 1984; Rusike, 1988; CSO, 1997).  Farmers with inadequate draught animals rely on 


making hiring or sharing arrangements in order to form draught teams for field operations (Shumba, 


op cit; Muchena, 1989; Francis, 1993; Zindi, 1999). 


 


Smallholder farmers own a range of animal-drawn tillage implements and equipment that include 


ploughs, cultivators, harrows, planters, ridgers and scotchcarts.  Conventional ploughing using the 


mouldboard plough is the basic primary tillage operation carried out by smallholder farmers.  


About 80% of smallholder farmers own a plough (Tembo and Elliot, op cit).  This trend in 


implement ownership has generally remained stable (Francis, 1993; 1996). 


 


Previous studies have indicated that smallholder farmers lacked skills and knowledge in correct use, 


repair and maintenance of animal-drawn implements.  Chatizwa and Khumalo (1996), Chatizwa and 


Ellis-Jones (1997) and Mujuru (1998), found out that many smallholder farmers could not set 


ploughs properly.  Ploughs are usually used without drawbar assemblies, width and depth regulators 


and other components resulting in poor quality of tillage.  Some farmers complain that ploughs are 


heavy and difficult to use and so remove parts with the aim of reducing the weight of ploughs.  


Some of the available draught energy can be wasted due to the use of improperly set implements.  


Both operators and draught animals may be subjected to unnecessary stress as implements become 


unstable and difficult to control during work. 


 


In order to improve the performance of DAP, smallholder farmers need to have a good 


understanding of the main components of the tillage system.  The draught animal, harness, 
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implement, operator and the soil are the five components in an animal draught tillage system (Inns, 


1994).  Each of these components has its characteristics and the performance of the system depends 


on how these five components interact.  At smallholder level, these components vary considerably 


from farmer to farmer. 


 


1.2 Purpose of study 


A number of factors affect the efficiency of animal draught tillage systems and these depend on 


specific farmer-situation.  This study was part of the United Kingdom’s Department for 


International Development (DFID) project, Draught Power Performance and Production 


Management, that was implemented under the Livestock Production Programme (Project R7352). 


 


The aim of the project was to enhance the performance of available draught animals in semi-arid 


crop/livestock and livestock production systems.  Investigations into the interaction of implement 


condition and draught animal performance were undertaken to identify both feasible and appropriate 


management options for smallholder farmers.  Previous DAP work in Zimbabwe had identified a 


wastage in limited draught power resource available, as well as human energy, through inefficient 


use of ploughs. 


 


There is some information on implement ownership as well as their condition but there is very 


limited information on the performance and the effect of implements on crop productivity at 


smallholder level.  This study sought to evaluate the performance of implements using available 


farm resources (draught animals, implements and labour) in a typical draught animal tillage system 


at smallholder level and identify options for the allocation and efficient use of these resources in 


cropping systems.  The study focused on the implement, draught animal and the operator, and their 
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interactions, whilst important characteristics of the soil and harnessing systems were observed, so 


that their impact on overall crop productivity could be assessed. 


 


1.3 Objectives of the study 


Overall objective 


The main objective of the study was to investigate the effect of renovating animal-drawn ploughs 


and cultivators on field performance, soil physical properties and on crop yields at smallholder level 


in Masvingo province.  The study also investigated farmers’ attitudes and constraints in using DAP 


and the operation, repair and maintenance of implements. 


 


Specific objectives 


a) To assess the capital resource base of smallholder farmers as related to use of DAP in Masvingo 


province 


b) To investigate the state of animal-drawn tillage implements (ploughs and cultivators) used by 


smallholder farmers in Masvingo province 


c) To evaluate the effect of renovating ploughs and cultivators used by smallholder farmers in 


Masvingo province on: 


i) field performance in terms of depth and width of cut, draught, specific draught, field 


capacity, weeding efficiency, field efficiency, quality of work and implement handling 


ii) three soil physical properties (soil bulk density, soil shear stress and soil moisture) and crop 


yield 


d) To carry out an assessment of the residual effects and benefits of farmer training in implement 


operation, repair and maintenance in Masvingo province 
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1.4 Hypotheses of study 


a) Well-resourced households own implements in better condition than resource-poor farmers. 


b) Smallholder farmers are able to correctly set, operate and maintain animal-drawn ploughs and 


cultivators. 


c) Renovated ploughs and cultivators produce better field efficiency, field capacity and improve 


weeding efficiency leading to improved crop yields than implements that are not renovated. 


d) Training improves farmers’ attitudes and skills in correct implement setting, use, repair and 


maintenance. 


 


1.5 Structure of thesis 


There are seven chapters in this thesis.  The problem statement, objectives and hypothesis are given 


in Chapter 1.  Chapter 2 is a review of literature related to utilisation of DAP technology.  An 


overview of DAP systems and some of the constraints faced by smallholder farmers in the use of 


DAP are highlighted.  General materials and research methods used in the study are explained in 


Chapter 3.  Chapter 4 gives a synthesis of data on the resource base of smallholder farmers.  Details 


of household characterisation based on physical capital as related to the use of DAP and information 


on the condition of implements owned and farmers’ knowledge in the use of implements is given in 


this chapter.  Chapter 5 describes studies conducted to evaluate the effect of implement renovation 


on field performance, soil properties and crop yields.  Chapter 6 contains findings from an 


assessment of implements that were renovated during implement performance trials to determine the 


impact of the trials on the attitudes and skills of farmers in implement use and maintenance.  


General discussions, conclusions and recommendations on the utilisation of DAP are given in 


Chapter 7.  References of cited literature and appendices are at the end of the thesis. 





		INTRODUCTION
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CHAPTER 2 


LITERATURE REVIEW 


2.1 Introduction 


Draught animals are an important component of the smallholder farming system in most developing 


countries.  In Zimbabwe, like in other countries in the sub-Saharan Africa, cattle are the most used 


draught animals in providing farm power.  About 400 million draught animals (cattle and donkeys) 


are used in agriculture worldwide.  It is estimated that 5% of draught animals are used in sub-


Saharan Africa (Mrema, 1991) cited by Ndlovu and Francis, (1997).  Muvirimi and Ellis-Jones 


(1999) noted that a review by Mrema and Mrema (1993) showed that about 80% of draught oxen in 


use in sub-Saharan Africa are found in five countries; Ethiopia (53%), Zimbabwe (7%), Kenya 


(6%), Tanzania and Uganda (5% each). 


 


The general constraints experienced by smallholder farmers in using DAP and animal-drawn 


implements are known but there is limited information on the specific nature of the problems 


(DFID, 1999).  Some of the constraints to the use of DAP by smallholder farmers include lack of 


implements, shortage of DAP, disease outbreaks, poor grazing and inadequate feeding during dry 


months, inappropriate DAP technology, and inadequate extension on DAP-related issues (Ndlovu 


and Francis, 1997).  The importance of DAP and its correlation to crop production in smallhoder 


farming systems in Zimbabwe, has been reported by other researchers (Mudimu, 1983; Shumba, 


1984; Rusike, 1988; Muchena, 1989; Francis, 1993; Ndlovu and Francis, 1997; Zindi, 1999). 


 


Considerable research has been undertaken in the area of livestock feeding for improving DAP.  


Ndlovu and Francis (op cit) made this observation and acknowledged that agricultural research has 


neglected DAP and yet shortages of DAP and manure are critical crop production constraints at 


smallholder level.  Previous work mainly focused on work performance of Mashona oxen (Mupeta, 
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Ndlovu and Prasad, 1990; Francis, Ndlovu and Nkuuhe, 1992; Francis and Ndlovu, 1993; Prasad, 


Khombe and Nyathi, 1994) and limited work on donkeys (Prasad, Marovanidze and Nyathi, 1991; 


Bwakura, Ndlovu and Topps, 1995; Nengomasha and Jele, 1995; and Nengomasha, 1997). 


 


There is limited information on the performance of animal-drawn implements owned by smallholder 


farmers, implement condition, how smallholder farmers use, repair and maintain animal-drawn 


implements.  The focus of the study was on comparing the return from the use of renovated 


implements with that of typical DAP tillage systems used by smallholder farmers.  The work also 


sought to identify possible options to optimise DAP utilisation for cropping. 


 


2.2 Overview of the use of DAP by smallholder farmers in Zimbabwe 


Draught animals are the main source of power for the majority of smallholder farmers, who 


comprise 75% of the population in Zimbabwe.  Although cattle are commonly used, donkeys have 


become important in providing draught (Francis, 1996).  Shortage of DAP is one of the main 


constraints to increased crop production in communal areas (Tembo and Elliot, 1988; Tembo, 1989).  


DAP availability was made worse by the 1991-1992 drought which reduced cattle from about four 


million to less than three million while donkeys were reduced from about 400 000 to less than 300 


000 (Muvirimi and Jones, 1999). 


 


Earlier findings showed that 60% of the national cattle herd was found in communal areas and up to 


65% of communal farmers owned cattle (Mudimu, 1983; Bratton, 1984; Shumba, 1984; Rusike, 


1988; CSO, 1997).  However, cattle owned do not reveal the level of available draught power since 


not all animals are old enough or have the capacity or are adequately trained to pull implements 


(Tembo and Elliot, 1988). 
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The common farm operations carried out by smallholder farmers include ploughing, harrowing, row 


marking, cultivating (weeding), ridging and ripping.  The majority of smallholder farmers in 


Zimbabwe own arable land ranging from 2 to 5 ha (Tembo and Elliot, 1988; Barrett, O’Neill and 


Pearson, 1992) and produce about 70% and 80% of the national cotton and of maize, respectively.  


The mean total value and share of maize crop production in the communal areas were 8% and 20% 


of commercial sector respectively, during the period from 1983 to 1999 (Ministry of Lands, 


Agriculture and Rural Resettlement, 2001).  Yields for maize and cotton achieved by communal 


farmers in Masvingo province are low, about 0.7 t/ha and 0.4 t/ha, respectively (CSO, 2001). 


 


Most farmers start ploughing in November to December at the onset of rains.  At that time draught 


animals are usually not in a healthy condition due to poor grazing conditions and there will be a high 


demand for draught power for primary tillage (Francis, 1993; Ndlovu and Francis 1997).  Donkeys 


can be worse off in terms of their body condition for draught work as they get very little 


supplementary feeding and health care from their owners (Bwakura, 1994). 


 


2.3 Main components of a DAP tillage system 


The draught animal, harness, implement, operator and the soil are the five components in an animal 


draught tillage system.  Each of these components has its specific characteristics and the 


performance of the system depends on how these components interact (Inns, 1994).  The five 


components of DAP systems are discussed below, with reference to the smallholder farming sector 


in Zimbabwe. 
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2.3.1 Draught animals 


2.3.1.1 Availability and distribution of draught animals 


The main source of power equivalent to 90% for agricultural purposes is provided by draught 


animals (Elliot, 1989; Ministry of Lands and Agriculture, 1995).  Elliot (op cit) cites Bratton (1984), 


as having found that communal farmers expressed the view that four oxen were required to form a 


draught team and that two oxen were inadequate.  About 30% to 45% of communal area farmers 


have four or more oxen for DAP (Elliot, op cit; Christensen and Zindi, 1991; Ellis-Jones, 1999).  


Donkeys are more concentrated in the southern and western areas than in the northern areas of 


Zimbabwe (Christensen and Zindi, op cit).  CSO (1997) indicated an uneven distribution of draught 


animals in communal areas.  Matabeleland South province had the least number of draught cattle 


(6%), while Midlands province had the highest number (25%).  Mashonaland Central province had 


the least number of donkeys (1%) while Matabeleland South province had the highest (29%).  


Shortage of DAP has remained a constraint and 40% to 47% of households in Masvingo province 


did not own cattle (Gambiza et al, 1987; Ellis-Jones, op cit).  Farmers cultivate larger areas and 


obtain better yields when DAP is available and therefore, food availability at household level is 


partly conditioned by livestock ownership (Zindi, op cit). 


 


2.3.1.2 Uses of DAP 


Draught animals are used for tillage operations and transport.  Both cattle and donkeys provide 


draught for tillage but donkeys are preferred to provide transport.  Oxen are generally preferred, but 


due to shortage of DAP, cows and donkeys are used for draught (Muchena, 1989; Francis, 1993).  


Gambiza et al (op cit) identified uses of cattle in order of importance as follows: draught power, 


milk, manure, cash, meat, lobola, carting, hides and spiritual ceremonies. 
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2.3.1.3 Selection and estimation of live weight of draught animals 


Depending on the ownership of animals, a farmer may select the most suitable draught animals from 


the available herd.  Selection of draught animals must be done before training and using them.  


Selection of cattle for draught work must be carried out when animals are between 18 and 36 


months of age and weighing between 200 and 300 kg (Institute of Agricultural Engineering (IAE), 


1986a).  The suitability of animals for draught work is determined by breed, health, age, weight, 


conformation of legs and temperament (IAE, op cit).  The draught performance of a working animal 


depends on training, breed, general fitness, body live weight, age, health status, nutrition, endurance, 


work experience, recent work schedule, temperament and mood (IAE, op cit; Starkey, 1989; Sims, 


1994; Inns, 1995; O’Niell, 1999). 


 


The live weight of an animal is proportional to its draught capability.  Animal live weight can be 


estimated by measuring lineal body dimensions.  The following expression can be used for bovines 


(Smith, Sims and O’Neill, 1994): 


Live weight (kg) = G2 x L x 92.46 


where G = heart girth in metres 


     L = body length from front shoulder to base of tail in metres 


When estimating live weight for donkeys, the following expression can be used (Pearson and 


Ouassat, 2000): 


Live weight (kg) = (heart girth)2.12 x (length)0.688/3801 


 where girth (cm) is measured around the body just behind the front legs 


 length (cm) is the distance from the pin bone to the elbow in a straight line 


Figure 2.1 shows lineal body measurements that can be used for estimating animal live mass. 
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a)  Measurements for cattle b)  Measurements for donkeys 
 


Figure 2.1:  Lineal body dimensions for estimating live mass for cattle and donkeys 


 


Cattle/oxen can continuously produce optimum draught of between 10% and 12% of their body 


weight.  Donkeys can produce draught of about 15% of their body weight continuously (Elliot, 


1989; Nengomasha, 1997).  The pull exerted by a draught animal can be estimated by using the 


following expression: 


Draught (N) = (0.10) x mass (kg) x g 


where g = gravitational acceleration 


 


The mean weight of mature donkeys in Zimbabwe is about 150 kg ranging from 105 kg to 185 kg 


(Bwakura, 1994; Bwakura, Ndlovu, and Topps, 1995).  Previous tests conducted locally in red clay 


and sandy clay soils showed that the minimum draught requirement of the standard conventional 


mouldboard plough was about 1 kN (IAE, 1985; Nengomasha, 1997; Mbanje and O’Neill, 1997). 
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2.3.1.4 Training of draught animals 


After selecting the most suitable animals for draught work, the next aspect is training.  Training 


develops the animal’s strength so that it can perform efficiently and obediently.  Well-trained 


animals carry out field operations accurately, they are easy to control and can work for longer 


periods.  Animals should be given enough time to fully adapt to necessary training steps and they 


must not be subjected to field tasks until they have gone through all training stages for draught work 


(IAE,1986a).  Draught animals can be trained to respond to a set of voice commands in one 


language at a time.  The IAE Animal Power 1 training manual lists thirteen commands which cover 


basic words that animals can understand after training (IAE, op cit).  Draught animals need to 


exercise and have to be subjected to regular draught tasks so that they are kept fit for work.  The 


methods used by farmers to train draught animals are not documented and may possibly differ 


between households and locations. 


 


2.3.1.5 Management of draught animals 


In order to get full draught potential of work animals, they need to be maintained in a healthy 


condition.  Grazing is generally inadequate and is most scarce at the time when draught animals are 


expected to do most work, i.e. during land preparation at the start of the ploughing season. 


 


Regular draught work improves the animals’ strength, respiration and appetite (IAE, op cit) and 


increases efficiency of animal power (Pearson and Smith, 1994).  There is little evidence to suggest 


that animals in good body condition do more work than those in lean body condition, provided the 


critical weight required for pulling an implement is not compromised (Pearson, 1997). 


 


Donkeys are increasingly becoming an important source of draught but issues relating to their health 


are not well known by their owners, researchers and extension staff.  Health problems, include those 







 13


due to poor harnessing, hoof care and poor or incorrect hitching (Krecek, 1997) and donkeys are 


susceptible to parasitic and infectious diseases than other equids but are resistant to diseases such as 


trypanosomaisis (Pearson, Nengomasha and Krecek, 1999). 


 


2.3.2 Harnessing of draught animals 


Animal harnesses serve the purpose of linking draught animals and the implement and transmitting 


draught to the implement.  Harnesses help to control and direct animals during work.  Properly 


harnessed draught animals can produce more useful draught output and this improves the efficiency 


of the animal-implement system (Barwell and Ayre, 1982).  In Zimbabwe, draught cattle are 


harnessed using traditional wooden double neck yokes, skeis and strops (IAE, 1987; Starkey, 1989).  


Harnesses should be designed to ensure that the animals’ strongest muscles are effectively utilised 


and the animals can put full strength into the work.  They should be designed to bring the line of pull 


as close to the horizontal line as possible.  Good harnessing systems reduce unnecessary wastage of 


animals’ effort, energy and minimises injuries, which impair work output (O’Neill, 1999).  Figure 


2.2 shows the force being applied by an animal at the yoke. 


 


 


 


 


 


 


 


 


Figure 2.2:  An ox applying a pull force (P) at the yoke 
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From Figure 2.2, a force (P) is applied at the yoke at an angle θ to the horizontal.  This force (P) can 


be resolved into two components: 


(a)  F, the useful draught force acting horizontally 


(b)  R, the vertical force supporting the yoke 


As the line of pull gets close to the horizontal by decreasing the angle of pull (θ), the useful draught 


(F) increases and the force acting on the animals neck decreases, thus increasing the draught 


efficiency (Barwell and Ayre, op cit).  The angle of pull may be reduced by extending the trek chain 


without over-extending it beyond recommended dimensions and is dependent on the height at yoke 


and length of trek chain.  A short chain increases the angle of pull and Cosθ becomes smaller than 


when a longer chain is used.  Better stability and control of the plough is achieved by using a longer 


chain than a shorter one. 


 


Tandem hitching (one donkey behind the other) seem to be more efficient where donkey teams are 


concerned, particularly for turning purposes and load sharing but some farmers seem to prefer to put 


up to four donkeys abreast (Jones, 1997).  Tandem hitching makes it possible and simpler for the 


evener behind front pair of donkeys to be connected to the evener of the donkeys behind.  Figure 2.3 


shows tandem pairs of donkeys for pulling an implement. 


 


The main draught strength of donkeys is in the shoulders and breasts.  Thus, cattle neck yokes are 


not suitable for donkeys.  Donkeys are commonly used with withers yokes for cattle.  One reason for 


yoking donkeys is for convenience and simplicity where yokes are already available (Starkey, 


1989). The common types of donkey harnesses that can be used are the breast band harness and the 


full collar harnesses.  
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Figure 2.3:  Tandem pairs of donkeys for pulling an implement 


 


2.3.3 Soil condition 


The primary purpose of an animal draught tillage system is to change the original state of the soil to 


a new desired condition.  The initial condition of the soil determines the force to be provided by 


draught animals.  Soil cutting forces have been described by Reece (1965) according to McKyes 


(1985), and these depend on factors that include soil density, acceleration due to gravity, tool 


working depth below the surface, soil cohesion strength, vertical surcharge pressure on the soil 


surface, tool width and factors that depend on soil frictional strength, tool geometry and tool-soil 


strength properties. 


 


Soil type and soil physical characteristics such as shear strength, penetration resistance and 


hydraulic properties influence the interaction between the animal draught tillage system components 


and subsequent plant growth.  These properties affect the rate of plant root growth and the flow and 


availability of water and nutrients for plant use (McKyes, op cit). 
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Soil working properties depend on texture and organic matter content.  Soil tillage is normally 


recommended to be carried out when soil is in the friable range of consistency.  In the friable state, 


soil is moist, soft and has lower implement draught requirement than when it is dry and hard.  


Therefore changes in soil consistency influences the timing of tillage operations and related bearing 


strengths of different soil types. 


 


2.3.4 Implements 


2.3.4.1 Implement ownership and management 


Farmers source implements from various wholesalers and retailers.  Smallholder farmers own a 


range of animal-drawn tillage implements that include ploughs, cultivators, planters, ridgers and 


harrows.  Most of the locally made tillage implements are sold without operating instructions.  There 


is no information available to smallholder farmers on the proper use and maintenance of animal-


drawn implements (Francis, Mudamburi and Chikwanda, op cit; Koza, Mudamburi, Ellis-Jones and 


O’Neill, 2001).  Eighty percent of smallholder farmers own a plough (Tembo and Elliot, 1988).  


Table 2.1 summarises the distribution of implements owned by smallholder farmers in the eight 


provinces of Zimbabwe (Francis, 1996). 


 


Table 2.1:  Ownership of animal-drawn implements by smallholder farmers in Zimbabwe 
 


Implement Provinces 
 Manicaland Mash Central Mash –East Mash-West Masvingo Mat. North Mat South Midlands 
Ploughs (%) 78.5 74.5 90.3 87.1 59.6 81.6 96.8 99 
Cultivators (%) 20.3 53.2 51.7 52.7 21.3 31.9 40.9 75.5 
Planters (%) 2.2 7.6 3.2 4.3 4.5 3.9 5.4 16.5 
Ridgers (%) 1.3 2.5 5.5 5.4 0 1.3 2.2 7.8 
Scotch carts (%) 40.5 45.6 50.5 50.5 29.2 43.5 73.1 78.6 


Source:  Francis (1996) 
 


Findings by Chatizwa and Ellis-Jones (1997), showed that only 15% of farmers could explain the 


functions of plough parts and setting of ploughs and about 60% of ploughs and 70% of cultivators 


owned by smallholder farmers were in poor condition.  A study in Masvingo province revealed that 
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about 77% of animal-drawn ploughs had missing drawbars (Mujuru, 1998).  When the hitch 


assembly is removed, depth and width cannot be correctly set.  According to Culpin (1981), correct 


plough setting leads to better standard of work and when a mouldboard plough is properly set, it 


should run steadily along, cutting a clean surface on the furrow wall and bottom.  Although animal-


drawn implements are easy to repair and maintain, most smallholder farmers do not maintain them 


properly (Chatizwa and Koza, 1998). 


 


Francis (1993) noted that smallholder farmers normally ploughed to depths that were below 15 cm.  


Shallow ploughing often results in poor quality seedbed preparation due to reduced soil inversion 


and inadequate burial of weeds and crop residues, pan formation, poor water infiltration, increased 


runoff and erosion (Nyagumbo, 2002).  Tests conducted by Chatizwa and Khumalo (1996) indicated 


that up to 10% more energy is expended when the plough is used without regulators. 


 


2.3.4.2 Local manufacture of animal-drawn implements 


Until recently, the manufacture of animal-drawn implements was done by two large companies, 


Zimplow Limited and Bulawayo Steel Products.  The two companies, both based in Bulawayo, 


Zimbabwe, merged to form Zimplow Limited.  Currently Hästt Zimbabwe, formally Tinto 


Industries, is the other large manufacturer of animal-drawn implements in Zimbabwe.  The IAE has 


developed and tested various types of animal-drawn equipment from local manufacturers that 


include ploughs, cultivators, ridgers, rippers, planters and dam scoops.  Testing of implements was 


done mainly to evaluate if implements conformed to expected field performance standards and to 


assess quality of manufacture, durability and suitability under local farming conditions and it is an 


on-going activity (IAE, 1985). 
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2.3.4.3 Alternative tillage options for land preparation 


Mouldboard ploughing is the common practice for land preparation at smallholder level.  Arex 


recommends a ploughing depth of 20 cm for improved yield (Grant, 1968) but most farmers practise 


shallow ploughing (Francis, 1993).  Conventional ploughing is an intensive technique associated 


with soil degradation, high draught requirement and loss of crop productivity (Vogel, 1994) and is 


considered unsustainable due to high surface run-off and soil erosion (Elwell, 1991).  Five tillage 


systems that included hand hoeing, mouldboard ploughing, clean ripping, mulch ripping and no-till 


tied ridging with a view to promote sustainable (low cost, low draught and labour saving) crop 


production systems have been evaluated (Vogel, op cit).  Although ripping and no till tied ridging 


methods gave better yields than mouldboard ploughing, the initial input for no till tied ridging posed 


a constraint for adoption with less than 1% of smallholder farmers practising conservation tillage 


(Nyagumbo, 1998).  Low draught requirement techniques such as ripping can be practised since a 


shortage of DAP affects a considerable number of smallholder farmers. 


 


2.3.5 Implement operators and training in the use of DAP 


At household level, the farmers themselves are the operators of the implements.  Depending on the 


household set-up and composition, men, women and children work with draught animals and 


operate implements, particularly during ploughing and weeding operations.  Mwoyowehama (1995) 


cited by Francis, Mudamburi and Chikwanda, (1999) reported that ploughing is regarded a men’s 


role in African agriculture with 95% level of participation when compared to women.  Since most 


households own ploughs in Zimbabwe, men would normally and traditionally be responsible for 


ploughing. 


 


Approximately 31% of rural households in Africa are female-headed (Rwelamira and Sylwander, 


1999).  Male migration causes labour shortages particularly for land preparation.  The reduction of 
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male labour increases the reliance of women on child labour, especially boys who would normally 


be expected to operate implements. 


 


Formal DAP courses are conducted at the IAE for Agricultural Extension Workers (AEWs) so that 


they in turn train farmers.  Training of agricultural extension officers in the use of DAP started in 


1964 at Domboshawa Training Centre (Mudamburi, 1989) and was moved to the IAE in 1985, 


(Fischer, 1986; Mudamburi, op cit).  Two of the basic animal power (AP) courses run at IAE cover: 


AP1-Selection, care and training of draught animal; and AP2-Ploughing using draught animals 


(IAE, 1986a; IAE,1986b).  An evaluation of impact of training in animal-drawn implement used by 


farmers in Murewa district showed that trained farmers could use implements better than those 


untrained (Mudamburi, op cit). 


 


The aim of the study was to assess household capital resource base and evaluate the use of available 


DAP and tillage implements at smallholder level in order to identify possible options for improving 


the performance of draught animal tillage systems for crop production.  The study focused on 


evaluating the effect of implement renovation on field performance of ploughs and cultivators.  It 


also evaluated the effect of implement renovation on soil physical characteristics and crop yield.  


The study also demonstrated the value of correct implement setting, operation, repair and 


maintenance to farmers in order to achieve better return from the use of DAP in land preparation. 
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CHAPTER 3 


GENERAL MATERIALS AND METHODS 


3.1 Introduction 


This chapter outlines general materials and methods used in the study.  Detailed materials and 


methods that were used for the specific objectives of the study are described in Chapters 4, 5, and 6 


respectively. 


 


3.2 Description of study sites 


3.2.1 Location of sites 


The study was carried out in Masvingo Province in Masvingo and Chivi districts.  The location of 


Masvingo province and the study areas are shown in Figures 3.1 and 3.2, respectively.  Masvingo 


Province lies to the south-eastern part of Zimbabwe and is one of the eight provinces in the country.  


The province lies between longitudes 30º 00' E and 32º 30' E and latitudes 19º25' S and 22º 22' S 


and has seven districts, namely, Bikita, Chiredzi, Chivi, Gutu, Masvingo, Mwenezi and Zaka.  


Masvingo Province lies in NRs III, IV and V and the area occupied by each NR is shown in Table 


3.1.  The total area of the province is 5 656 600 km2 (Agritex, 2001a), inhabited by 1 219 655 


people who constitute about 10% of the national population, (CSO, 1997).  Masvingo Rural and 


Chivi districts have 186 778 and 157 428 people, from 37 400 and 29 799 households, respectively.  


The areas covered by Chivi and Masvingo districts are given in Table 3.2.  The provincial city of 


Masvingo is located about 300 km south of Harare, the capital city of Zimbabwe, at an altitude of 


1200 m above sea level.  Masvingo city is located at 30º 30' E and 20º 05' S. 


Table 3.1:  Area of Masvingo province by natural region 


Natural region (NR) Area (km2) % 
III 620 319 11 
IV 1 553 515 27 
V 3 482 766 62 
Total 5 656 600 100 


Source: Agritex (2001a) 
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Table 3.2:  Areas of Chivi and Masvingo districts by natural region 
 


Masvingo district Chivi district 
NR Area (ha) % Area (ha) % 
III 94 822 14 0 0 
IV 556 039 80 162 289 46 
V 43 060 6 188 707 54 
Total 693 921 100 350 996 100 


Source: Agritex (2001a) 
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Figure 3.1:  Map of Zimbabwe and location of Masvingo province 
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Figure 3.2:  Location of study areas in Masvingo province 
(1=Chedenje, 2=Gari, 3=Mshagashe, 4=Mushandike, 5=Mutangi, 6=Nyimai) 


The main DFID project framework had initially targeted the research work to be conducted with the 


participation of existing farmer groups working with CARE-Zimbabwe in communal areas of 


Masvingo province.  A project initiation stakeholders workshop, held in September 1999, suggested 


the inclusion of farmer groups from irrigation and small-scale commercial farming areas which were 


not covered by CARE-Zimbabwe in order to have a fairly representative sample of smallholder 
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farmers in Masvingo province.  Masvingo and Chivi districts were selected on the basis of existence 


of the three farming sectors in NRs III, IV and V as well as having established farmer groups.  The 


study areas are described in Table 3.3.  Three farmers were selected by farmer-groups from each 


study area per season to host the implement performance trials. 


Table 3.3:  Selected study areas in Chivi and Masvingo districts 
 


Masvingo district Chivi district 
Area NR Farming sector Area NR Farming sector 
Mushagashe III Small-scale commercial Gari IV Communal 
Mushandike IV/V Irrigation scheme Mutangi V Communal 
Chedenje IV Resettlement Nyimai V Communal 


 


3.2.2 Climate and rainfall 


The study sites in the two districts fell under the marginal rainfall areas in NR III, IV and V whose 


total annual rainfall is between 600 and 800 mm and temperatures are generally high.  Normal 


average rainfall per annum in Chivi district, which is predominantly in NR V, is about 500 mm 


(Agritex, 2001b).  The rainfall season starts around the middle of November and tails off towards 


the end of March with severe mid-season drought spells.  The seven months between April and 


October are dry but some moderate to heavy winter rains can be experienced in May/June.  


Although not fully representative of study areas, Figure 3.3 shows rainfall received in Masvingo 


City during the two seasons in which this study was carried out.  The mean annual rainfall for 


Masvingo City for the period 1994-1998 was 664 mm.  The 1999-2000 season was exceptionally 


wet, with a total of 1135 mm, with about 50% of the total rain falling in January and February due to 


Cyclone Eline.  The following season 2000-2001 had a long dry spell in December and January and 


total rainfall received in Masvingo City was 676 mm. 
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Figure 3.3:  Rainfall received in Masvingo City during the study period 
Source:  Meteorological Department, Harare, Zimbabwe, 2002 


 


3.2.3 Soils 


Soils found in the study areas fall under the kaolinitic type and are in the fersiallitic and para-


fersiallitic groups (Ministry of Agriculture, 1966).  Descriptions of soils in the respective study areas 


are given in Table 3.4.  These soil descriptions cover large areas within which study areas were 


located and there was likelihood of a mixture or overlaps of soil groups in each area. 


Table 3.4:  Description of soils in the study areas 


Area Soil group 
Chedenje 5G/5P 
Gari 5G/5P 
Mshagashe 6G 
Mushandike 5G/8 
Mutangi 5G/5P 
Nyimai 5G 
Description of soils in the groups 
5 is fesiallitic group-soils with appreciable reserves of weatherable minerals; base saturation over 40%, 
usually between 60 and 80%; clay fraction contain some 2:1 lattice minerals 
6 is para-fersiallitic group-mainly sandy soils that have some essentiallitic characteristics, but which are 
not ferrallitic sensu stricto 
8 is sodic group-soils in which the morphology of the profile is attributable ton the presence of significant 
amounts of exchangeable sodium and or water soluble salts, or to the past influence of sodium during 
pedogenesis 
5P-Moderately shallow to moderately deep, brown to reddish-brown sandy loams over sandy clay loams; 
formed on gneisses of various ages and origins 
5G-mainly moderately shallow, greyish-brown, coarse-grained sands throughout the profile, to similar 
sandy loams over reddish-browm sandy clay loams; found on granitic rocks 
6G-Moderately deep to deep, greyish-brown, coarse-grained sands over pale loamy sands, to similar sandy 
loams over yellowish-red sandy clay loams or, occasionally, sandy clays; clay fraction essentially 
ferrallitic but of weatherable minerlas are appreciable 


Source:  Ministry of Agriculture (1966) 
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3.2.4 Crop production 


Smallholder farmers in communal areas of Masvingo province crop an average of 2 to 3 ha of land 


per household.  The main crops grown in Masvingo Province are maize, groundnuts, bambara nuts, 


sorghum, rice, sunflower, beans, finger millet, pearl millet, and cotton.  There has been a trend of 


low crop yields achieved at smallholder level in the province (CSO, 1997).  The areas planted to 


grain, commercial and other crops in communal areas are 186 557 ha, 51 667 ha and 26 125 ha, 


respectively.  The five main crops grown, based on area planted in 2000 are shown in Table 3.5, 


(CSO, 2001). 


Table 3.5:  Main crops grown by smallholder farmers in Masvingo province in 2000 
 


Crop Cropped area (ha) Yield (t/ha) 
Maize 139 748 0.695 
Groundnuts 30 374 0.511 
Bambara nuts (nyimo) 23 586 0.684 
Cotton 19 896 0.429 
Pear millet (mhunga) 13 564 0.145 


 


3.2.5 Available livestock and DAP 


Table 3.6 shows the total available cattle and donkey herds in Masvingo province in each of the 


farming sectors (Agritex, 2001a).  CSO (2001) estimated the average size of cattle herd per 


household in communal areas of Masvingo province to be 6 and 277 274 draught cattle were owned 


by 82 012 households. 


 


Table 3.6:  Available cattle and donkeys by farming sector in Masvingo province 
 


Farming sector Number of cattle Number of donkeys 
Communal 529 812 47 971 
Resettlement 57 144 3 191 
Small-scale commercial 39 861 1 601 
Commercial 129 316 167 
Total 756 133 52 930 


Source: Agritex, 2001a 
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3.3 Assessing capital resource base of smallholder farmers in study areas 


Information on household composition, general farming practices, particularly cropping systems, the 


use and ownership of DAP and implements was collected during focus group discussions which 


were held with farmer-groups from communities in the six study areas.  Farmers who participated in 


implement performance trials were nominated by respective focus groups on the basis of their 


wealth as determined by physical capital as related to draught animals.  An implement survey was 


conducted in the study areas to assess the condition of implements owned by a random sample of 


100 smallholder farmers and to evaluate farmers’ knowledge and skills in implement use, repair and 


maintenance.  The detailed procedures are given in Chapter 4. 


 


3.4 Evaluation of ploughs and cultivators before and after renovation 


Implement performance trials were conducted over a two-year period during 1999-2000 and 2000-


2001 seasons.  Both spring and autumn/winter trials were conducted with a new set of farmers in 


each season.  Plough and cultivator performance tests were carried out before and after implement 


renovations in paired plots at each farm site.  Implement performance parameters measured included 


draught, specific draught, speed, depth and width of cut, field capacity, weeding efficiency and field 


efficiency. 


 


Soil bulk density, shear strength and moisture content readings were taken before implement testing 


and then monitored together with crop growth on monthly basis after crop emergence.  Soil texture 


samples were taken in the paired plots for laboratory analysis.  Crop yields from the paired plots at 


each farm site were measured at the end of the season and compared.  Detailed procedures for field 


measurements are given in Chapter 5.  A flow diagram of the related research activities is shown in 


Appendix 2  
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Training of farmers by demonstrating the correct use and repair of ploughs and cultivators was 


provided during the implement trials.  At the end of each growing season, evaluations were 


conducted by farmer-groups in the respective study sites to share experiences and knowledge gained 


from the trials.  Farmers’ opinions on benefits of the trials with regard to the value of implement 


renovation were recorded and synthesised. 


 


A survey was carried out 14 months after implement trials were completed to assess knowledge and 


skills acquired by participating households so as to ascertain lessons learnt from the trials and assess 


any changes in attitudes of households towards implement use, repair and maintenance (Chapter 6). 


 


3.5 Data collection and analysis 


Data collected during participatory rural appraisals were recorded on data sheets for each of the six 


study areas and findings were synthesised.  Information from evaluation exercises done by focus 


groups was recorded on flip charts, synthesised and used in the preparation of reports.  Data from 


the implement performance tests were recorded on data sheets and then entered into a computer 


using Excel spreadsheet software (Microsoft Corporation, 1997) and then analysed using Statistical 


Analysis System (SAS) software (SAS Institute Inc., 1996).  SAS is an integrated system of 


software providing control over data access management, analysis and presentation.  Questionnaires 


were designed and analysed in SNAP (Mercator, 1998) for the draught animal implement survey of 


100 randomly selected households and the survey to evaluate benefits of trials. SNAP is a computer 


based survey questionnaire design and analysis package. 
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CHAPTER 4 
 


ASSESSMENT OF THE CAPITAL RESOURCE BASE OF SMALLHOLDER FARMERS IN 


THE STUDY AREAS 


4.1 Introduction 


Availability and ownership of some of the basic farming resources such as land, DAP and 


implements have an influence on crop productivity at smallholder level.  Implement use for basic 


tillage operations, such as ploughing and weeding, is closely related to the use of available DAP. 


 


Quality of tillage is primarily determined by soil conditions, draught potential of available animals, 


whether draught animals are trained for the task, the harnessing system, the type and condition of 


the implement, and level of skill possessed by the operator using it.  Tillage is classified as primary 


or secondary.  Good tillage provides a favourable environment for seed germination, root growth, 


weed control, soil and moisture control and improved tilth (Richey, 1961).  Implement condition 


varies from farmer to farmer and is influenced by a number of factors such as age, quality of 


manufacture, handling, availability of spares and farmer’s knowledge and skills in their operation, 


repair and maintenance. 


 


With the exception of planters, all locally made animal-drawn implements are sold without 


operating instructions from manufacturers.  As discussed in Chapter 2, previous studies have largely 


ignored implement condition and field performance aspects but concentrated on livestock work 


performance, nutrition and management of draught animals, strategies for DAP use, DAP 


availability and ownership, distribution of DAP and implements, and utilisation of livestock for 


DAP in smallholder farming systems.  Previous work related to animal-drawn implements and 


training needs for farmers in the use of implements was reported by Mudamburi (1989), Chatizwa 


and Khumalo, (op cit), Chatizwa and Ellis-Jones (op cit), Chatizwa and Koza (1998) and Mujuru 
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(1998).  More recent work aimed at assessing the condition of implements owned by smallholder 


farmers in Zimbabwe was reported by Koza, Sibanda and Mashingaidze (2000) in Muzarabani 


district.  This chapter contains findings from focus group discussions held with smallholder farming 


communities in Chivi and Masvingo districts between late October and early November 1999 as 


well as from a formal implement survey and cluster analyses to determine household assets. 


 


4.2 Objectives 


The main objective was to assess the capital resource base of smallholder farmers in the study areas 


with regard to use of DAP and animal-drawn implements. 


Specific objectives were to investigate: 


a) Availability, ownership and uses of DAP 


b) Land ownership patterns and cropping systems and practices 


c) Livestock management 


d) Implement ownership and management: condition, sourcing, availability, implement setting, 


spares availability 


e) Households’ knowledge of implement use, repair and maintenance 


f) Role of rural blacksmiths in providing implement repair services to farmers 


 


4.3 Materials and methods 


Focus group discussions were held with smallholder farmers between late October and early 


November in order to get an overview of the use of DAP and implements in the six study areas.  A 


focus group meeting comprising farmers ranging between 20 and 48 in each community was 


convened.  Different groups were made up of varying numbers of males and females from different 


resource categories.  Information on availability and use of DAP, farming systems, livestock 


management, implement types owned, implement management and crop production was recorded 
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on data sheets (Appendix 3).  A facilitator led the discussion by posing pre-set questions to a group 


of farmers.  As expected, several responses from different farmers were given and were recorded on 


flip charts.  Responses were discussed with the full participation of farmers until the group reached a 


consensus on a particular point.  The final point agreed on was a record of farmers’ perception in 


that group.  The process was repeated for all questions.  The same set of questions was posed to all 


farmer-groups.  Responses from individual groups were synthesised to give an overall view of focus 


groups.  Photographs of two focus group participants are shown in Figure 4.1. 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 


Mutangi Dam-Chivi Communal area Chedenje-Mukosi resettlement area 
 


Figure 4.1:  Households attending focus group meetings at two sites 


 


Each group of farmers selected three households to participate in the implement testing trials.  The 


households were selected according to the following criteria which were intended to broadly fit with 


a wealth ranking exercise that was recently undertaken in Masvingo province (Ellis-Jones, 1999; 


CARE, 1999), as described in Appendix 4: 


 


 







 31


Resource group (RG) 1 (good): Farmer with a plough, cultivator and adequate DAP 


RG 2 (average):   Farmer with a plough only and adequate DAP 


RG 3 (poor):    Farmer with a plough only and inadequate DAP 


RG 4 (very poor):   Farmer without a plough and no DAP 


 


A cluster analysis was done to assess the capital (human, social, natural, physical, and financial) of 


each participating household and ensure resource categorisations that had been done by farmers 


during focus group discussions were correct.  The cluster analysis was a method of looking closely 


at five different components that made up household resources i.e. the size and composition of 


household (human capital), whether household belongs to a club, farmer union or village committee 


(social capital), land ownership (natural capital), livestock, DAP and implements owned (physical 


capital) and sources of income (financial capital). 


 


A survey questionnaire (Appendix 5), was designed in SNAP (Mercator, 1998).  The questionnaire 


was administered to 100 households, in Mshagashe West small-scale farming area (ward 6), 


Mutangi (ward 7), Nyimai (ward 16), Mushandike irrigation scheme (villages 12, 13 and 14), and 


Chedenje resettlement area (villages 20, 21 and 22).  The survey was conducted in a ward or village 


and 25 households were randomly selected to represent farmers in each study area. 


 


The questionnaire had a set of numbered questions with variables.  Variables were coded and values 


assigned before data entry.  Responses to open-ended questions were manually analysed.  An 


example of details of variables for Question 21, analysed in SNAP from the DAP implement survey 


questionnaire, is shown in Table 4.1.  The condition of ploughs was analysed based on farmer 


resource groups or from total counts or percentages of responses using codes. 
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Table 4.1: Details of variables for a question analysed by SNAP 


Name:  Q21 Label:  How do you describe the condition of your plough? 
Type:  Question Response:  Multiple Codes:  4 
Text:  How do you describe the condition of your plough? 


Code list    
Code Label Values Counts 


ER Errors   
NA Not asked   
NR No reply  6 


1 Good 1 30 
2 Average 2 35 
3 Poor 3 27 
4 Very poor 4 2 


 


Implements owned by fifty-three households, who participated in implement performance trials 


(Chapter 5), were inspected for faults, missing parts, improvised/modified parts, wear on soil-


engaging parts, adjustments and settings used by the owner.  Criteria for assessing condition of 


implements were based on the number of defective components on the different assemblies and 


missing parts.  Each implement was assigned a code for its condition depending on defective parts.  


The implements were repaired and necessary replacements were made.  Most ploughs that were in 


poor condition required the use of special tools like a cold chisel, hammer and hack saw to remove 


mechanically or rust-damaged nuts and bolts.  The cost of individual implement parts replaced was 


noted and the total cost of repair was determined (Chapter 6).  Photographs of each implement in its 


initial condition, during and after repair were taken. 


 


4.4 Results 


4.4.1 Characteristics of households 


The mean size of households was eight.  There was no significant difference between household 


sizes of different RGs.  Farming was the main activity for income generation and food security.  Up 


to 37% of farmers received remittances to supplement incomes for farm activities and 80% of these 


were well-resourced.  Table 4.2 gives a summary of findings on assets that characterise households 


in terms of resource availability. 
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Table 4.2:  Characteristics and resource availability of households (n=100) 
 


 Well-resourced Average-resourced Poorly-resourced Very poorly-resourced Significance 
 RG1 RG2 RG3 RG4  
% in each category 33% 32% 28% 7%  
Male Heads of Households 82% 81% 89% 86% Nsd 
HoH living at home 91% 97% 75% 100% 10% 
Dominant age group Over 55 46-55 46-55 36-45 5% 
Master farmers (MF) 52% 44% 11% 14% 1% 
Groups or Club membership 51% 61% 79% 86% 5% 
Implement ownership P-100%, C-100% P-100%, C-23% P-100%, C-3.6% P-86%, C-0% 1% 
Livestock ownership 
Cattle ownership (>8 cattle) 


 
85% 


 
41% 


 
7% 


 
100% 


1% 


Donkey ownership 22% 44% 30% 14% 5% 
Goat ownership  47% 42% 43% 50% 10% 
Average area cropped (ha) 12 4 3 2  
Always use fertiliser 60% 43% 26% 50% 5% 
Use credit 28% 59% 39% 14% 5% 
Main sources of income     Nsd 
Crops 94% 97% 93% 100%  
Livestock 63% 47% 26% 0%  
Buying and selling 9% 13% 11% -  
Wages  6% 7% 11% 14%  
Good plough condition 50% 30% 20%  Nsd 
Good cultivator condition 16% 20%   Nsd 
Average age of ploughs (years) 14 18 21   
Average age of cultivators  14 23    


HoH = Head of household, P = Plough, C = Cultivator, MF = A certified farmer trained by Arex (formally Agritex), a department under the Ministry 
of Agriculture and Rural Development, responsible for extending agricultural technologies to farmers, Nsd = no significant difference. 
 


4.4.2 Cluster analysis of households 


Classification of the 53 farmers who were nominated by focus groups to participate in the 


implement trials was undertaken based on the cluster analyses.  The assets owned by the respective 


households are summarised in Appendix 6.  Appendix 7 provides an illustration of a cluster analysis 


of one of the households.  Most RG1s were in the small-scale commercial and resettlement farming 


areas.  Households in Mushandike irrigation scheme, were mostly RG2s with most RG3s and RG4s 


coming from the communal farming areas.  Figure 4.2 shows the number of households in each 


category based on cluster analyses. 
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Figure 4.2:  Categorisation of households by resource group 
 


4.4.3 Availability and use of livestock 


About 92% of households owned cattle and 47% owned donkeys.  Households that owned both 


cattle and donkeys constituted 45% and 80% of these were well-resourced.  Households without 


DAP (neither cattle nor donkeys) constituted 8% and belonged to the poorer RGs.  An average of 


eleven cattle and two donkeys were owned per household.  Households owned a mean of 4 cattle 


and 2 donkeys for draught.  The cattle ownership ranged from no cattle owned by very poor (RG4) 


to a maximum of 45 cattle owned by best-resourced households (RG1s).  Farmers attributed the 


shortage of DAP to the effects of the 1991-1992 season drought that seriously depleted the cattle 


herd. 


About 10% of households in communal areas (Mutangi and Nyimai) owned four to seven cattle 


while about 40% of households, mostly from Chedenje and Mshagashe owned more than eight 


cattle.  Results revealed a greater percentage of households (22%) from areas with better-resourced 


farmers (Chedenje, Mshagashe and Mushandike) owning donkeys than households (5%) in Mutangi 


and Nyimai communal areas. 


 


Cattle and donkeys were the main types of livestock owned by smallholder farmers.  The animals 


played an important role in the livelihoods of smallholder farmers.  Cattle provided draught power, 
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milk, manure, meat and cash from hiring out for draught.  Donkeys provided draught for tillage and 


transport and were used due to a shortage of cattle.  Oxen were preferred for the provision of 


draught power, but due to shortage of oxen, cows, heifers and bulls were also used in draught teams.  


Goats, sheep and poultry were the other types of livestock owned in varying numbers by 


households. 


 


Farmers expressed the view that 4 to 6 oxen and 4 to 5 donkeys were adequate or ideal for draught 


power needs of a household.  Poor households overcame the DAP shortage problem through hiring 


out labour in exchange for draught power, borrowing and hiring animals or by engaging in nhimbe 


or humwe (reciprocal labour arrangement:-a farmer brews beer or a traditional non-alcoholic drink 


using millet flour and invites other farmers to plough or weed his field.  Another farmer can make 


the same arrangement and other farmers go and assist with labour, either for ploughing, weeding or 


harvesting).  Mixed draught teams comprising cattle and donkeys were used.  Figure 4.3 shows a 


typical animal draught tillage systems found in Nyimai area of Chivi district. 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 


Figure 4.3:  A draught animal tillage system found in Nyimai-Chivi communal area 
(Note:  Yoked donkeys leading two cows) 
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Draught animals were mainly used for ploughing, cultivating and carting.  A calendar showing the 


use of draught animals is shown in Table 4.3. 


 
Table 4.3:  Calendar for use of draught animals 


 
Months  


Use O N D J F M A M J J A S 
Ploughing X X X     X X    
Planting X X X          
Cultivating  X X X         
Carting X X X X X X X X X X X X 
Milk1  X X X X        
Manure X X X X X X X X X X X X 
Meat, hides, 
skins, lobola 


No specified time and use is determined by household socio-cultural needs 


1Cows calve in October or November and provide milk for up to four months. 
 


4.4.4 Land holding and crop production 


The average size of cropped lands in Mushandike, Chedenje and Mshagashe were 1.5 ha, 5 ha and 8 


ha respectively.  Farm sizes in Mshagashe SSCFA ranged from 85 ha to 395 ha.  The rest of farmers 


(63%), from Gari, Mutangi and Nyimai areas in Chivi communal areas owned arable land sizes that 


ranged between 2 and 8 ha.  Seventy-three percent of these farmers owned lands ranging between 2 


and 3 ha.  Maize was the major crop grown in all areas.  Maize yields ranged between 0.3 t to 0.5 t  


for RG 3 and 4 and for RG 1 and 2 they ranged between 3 t to 6 t per season.  Most grain was 


retained for home consumption and the better-resourced farmers sold an average of about 2 t per 


season.  Other important crops were cotton, groundnuts, bambara nuts and sorghum.  In 


Mushandike, cotton, maize, wheat and beans were grown in rotation under irrigation.  Horticultural 


crops such as, tomatoes, vegetables and paprika were also regarded important.  Table 4.4 shows the 


main crops grown in the respective study areas. 


Table 4.4: Crops grown in the six study areas 
 


Gari 
CA 


Nyimai 
CA 


Mushandike 
Irrigation Scheme 


Mutangi 
CA 


Chedenje 
RA 


Mshagashe 
SSCA 


Maize 
Cotton 
Ground nuts 
Bambara nuts 
Sorghum 
Sunflower 


Maize 
Cotton 
Ground nuts 
Bambara nuts 
Sunflower 
Sorghum 


Maize 
Cotton 
Beans 
Wheat 
Tomatoes 
Leafy vegetables 
Paprika 


Maize  
Cotton 
Ground nuts 
Bambara nuts 


Maize 
Cotton 
Ground nuts 
Bambara nuts 


Maize 
Ground nuts 
Bambara nuts 
Tobacco (oriental) 
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Sweet potatoes, pearl and finger millet (mhunga, and rapoko, respectively) were other crops to 


which small portions of land were allocated.  Gardening (vlei or small-scale irrigation) was an 


important activity performed by farmer-groups.  Most farmers, both well and poor-resourced, used 


kraal manure when available, or compost to improve soil fertility.  Farmers who afforded to buy 


fertilisers, applied commercially produced basal and top dressing fertilisers to their crops. 


 


The majority of farmers did their land preparation after the first rains, and about 30% of farmers 


winter-ploughed.  The number of households who indicated that they winter ploughed are as 


follows: April (36%), May (47%), June (38%), July (21%) and August (11%).  Most households 


(64%) indicated that they ploughed deeper in winter, 28% ploughed to the same depth and 4% 


shallower in winter and the remaining households did not winter plough.  Farmers practice third 


furrow planting, for maize (i.e. planting behind the plough on every third pass).  For cotton, 


ploughing was followed by row marking and then seed was hand-planted. 


 


Weeding was done at two to three weeks after crop emergence.  In maize, at least 2 weedings were 


carried out between two and six weeks after crop emergence.  In cotton at least 3 weeding operations 


were done in order to keep the crop weed-free for about eight to ten weeks after crop emergence.  In 


Mushandike irrigation scheme, land preparation was done immediately after harvesting one crop in 


order to put in another crop.  Chemical spraying for crop protection against pests in cotton was 


repeated depending on prevalence of pests.  Harvesting of all crops was done manually.  Some of 


the main constraints faced by smallholder farmers were high cost of seed, fertilisers and chemicals, 


inadequate rainfall, shortage of DAP, late rains, and inadequate arable land. 
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4.4.5 Livestock management 


Grazing areas were limited and livestock freely grazed in communally owned grazing land.  Due to 


reduced livestock numbers there was adequate grazing in Mushandike, Chedenje and Gwenyaya 


area of Nyimai.  In Mshagashe, most farms had paddocks with adequate grazing.  However, farmers 


elsewhere, expressed a view that grazing potential was reduced due to over-stocking, despite 


livestock losses during the 1991-1992 drought.  New lands that were being opened for cultivation 


were taking up grazing areas. 


 


During the dry season, crop stover was fed to livestock as a supplement.  Tick problems were 


experienced in all areas mainly due to irregular dipping of cattle as well as the increasing cost of 


dipping (dipping cost increased from Z$3 to Z$10 per animal as from January 2000). 


 


Training of draught animals was considered a man’s task and young men usually acquired skills in 


the use of DAP from older members in the family or from neighbours.  There was a general lack of 


knowledge in the use of appropriate harnessing of draught animals, especially donkeys.  Yokes, 


which are designed for use with cattle, were commonly used to harness donkeys.  Donkey harnesses 


were not easily available and farmers lacked skills for making donkey harnesses. 


 


4.4.6 Implement ownership and uses 


All households, except those in RG4, owned a plough.  The age of ploughs ranged from fairly new 


to over 60 years old.  The most common plough was the Zimplow VS standard single-furrow 


plough, owned by 86% of households.  Other ploughs were BSP Inkunzi Silver Medal, (4%), 


Victoria (6%), Ransomes (2%) and Safin (2%).  Victoria, Ransomes and Safin ploughs were the 


oldest plough makes owned and their ages ranged between 45 and 65 years.  The general condition 


of ploughs owned was poor, 62% of ploughs were in poor condition, 30% were average and only 
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8% were in good condition.  Some well-resourced households (10%) owned 2 to 3 ploughs, 


cultivators, harrows and ox carts.  Ownership of planters, ridgers and rippers was rare with only two 


households from Mushandike owning a planter and a ripper each.  Thirty-two percent of households 


did not own ox-carts, the majority of them (70%) being resource-poor.  Cultivators were owned by 


the well-resourced households (RG1 and 2) only.  About 39% of respondents owned cultivators and 


distribution was very uneven across the study areas as follows, Mshagashe (84%), Chedenje (33%), 


Nyimai (24%), Mushandike (13%) and Mutangi (10%).  Most households (85%) owned BS41 five-


tyne model and the rest owned BS221 model cultivators.  Table 4.5 shows identified implements 


and their uses. 


Table 4.5:  Common implements owned and their uses 
 


Implement Uses 
Plough Ploughing, weeding, marking planting lines, loosening kraal manure 
Cultivator Weeding, marking planting lines (e.g. for beans), ridging 
Harrow Clod breaking, seed covering, crust breaking, soil loosening, moisture conservation, pre-


weeding operation in rapoko, thinning rapoko, removal of trashy weeds 
Scotch cart Transport 


 


4.4.7 Problems with implements 


Farmer-groups expressed diverse problems and experiences with implements.  The common 


problems encountered are shown in Table 4.6. 


 


Table 4.6:  Problems with implements 
 


Implement Problem(s) 
Plough Heavy for animals, cannot adjust, weak materials/parts, inadequate inversion, inadequate 


penetration, parts not durable, high cost, cannot repair, incompatibility of some spares 
Cultivator Width adjusting mechanism fails, weak materials/parts, cannot be used on the ridge, high cost 
Harrow Heavy for animals, weak materials/parts (e.g. spikes deform easily), some harrows are light in 


construction 
Scotch cart Poor manufacturing quality, poor quality of wheel bearings, high cost 
Planter Seed and fertiliser metering systems do not function properly, seed crack 
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Farmers perceived the high cost of implements and spares as a constraint because some could not 


afford new implements (e.g. a plough cost Z$2 500 to Z$3 000 and a cultivator, between Z$3 200 


and Z$4 000 in November 1999).  One tonne of maize was selling locally for about Z$3 600. 


 


4.4.8 Condition of ploughs 


Well-resourced households owned ploughs that were in better condition than poorer households 


(Figure 4.4).  The average plough was 19 years old although some operational ploughs were over 60 


years old (Table 4.7). 
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Figure 4.4:  Plough condition according to household category 


 


 
Table 4.7:  Average age of ploughs 


 
 RG1 RG2 RG3 RG4 Overall 
Average year purchased 1987 1983 1985 1975 1984 
Oldest 1945 1960 1960 1940 1940 
Newest 2001 1999 2001 1997 2001 
Average age (years) 14 18 16 26 19 


 


4.4.9 Condition of individual plough parts 


Most households described plough parts other than those actually removed as being in average 


condition.  An analysis of the condition of individual parts on the different ploughs indicated that, 
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15% of the ploughs were good, 22% were average, 60% were poor and 3% were in very poor 


condition.  Parts in poorest condition included landsides, mouldboards, shares, axles, wheel arms 


and wheels.  The main parts in good condition were beams, stays and handles (Table 4.8).  The 


details of implement parts are shown in Appendix 8. 


 


The main parts removed were the hake (regulator), drawbar assembly, adjusting bar holder with set-


screw, and u-clamp assembly.  Other parts which were removed included stays, wheels and axles.  


About 34% of households did not have plough spanners that were normally supplied with a new 


plough.  Households with ploughs that had missing drawbar assemblies were, Nyimai (81%), 


Mutangi (60%), Chedenje (46%), Mshagashe (40%) and Mushandike (39%). 


 


Table 4.8:  % of households reporting condition of individual plough parts and main parts removed 
 


Plough parts Good Average Poor Removed 
Share 24 39 35 2 
Mouldboard 18 41 41 - 
Hake (regulator) 21 23 6 50 
Wheel  23 43 26 8 
Axle 21 43 29 7 
Wheel arms 29 39 27 5 
Landside 22 29 48 1 
Frog 32 49 16 3 
Adjusting bar holder with set screw 18 28 5 49 
U-clamp assembly 20 48 13 19 
Left handle 37 51 11 1 
Right handle 36 54 9 1 
Drawbar assembly 23 26 3 48 
Stays 39 43 5 13 
King bolt 40 44 14 2 
Plough beam 56 43 1 - 
Plough spanner 49 15 1 35 


 


4.4.10 Ownership, age and condition of cultivators 


About 39% of households owned a cultivator.  The condition of cultivators for the respective 


resource groups is shown in Figure 4.5.  The average age of cultivators was 15 years and the oldest 


cultivator in operation was over 50 years old (Table 4.9). 
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Figure 4.5:  Cultivator condition according to resource category 


 


 


Table 4.9:  Average age of cultivators 
 


 RG1 RG2 RG3 RG4 Overall 
Average year purchased 1987 1978 0 0 1986 
Oldest  1950 1962 0 0 1950 
Newest 2000 1991 0 0 2000 
Average age (years) 14 23 0 0 15 


 


As with the plough, most cultivator parts were reported as being in average condition.  Most 


cultivators had lost their sturdiness, framework robustness and stability as a result of loose or 


missing nuts and bolts as well as bent beams.  Parts in poor condition included tynes, wheel 


assemblies and width adjusting mechanisms (Table 4.10). 
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Table 4.10:  % of households reporting on condition of individual cultivator parts 
 


Cultivator parts Good Average Poor Removed 
Lever adjusting assembly 22 53 25 0 
Handle bar 34 60 6 0 
Rack for adjusting lever 18 53 29 0 
Beam and draw bar 39 53 8 0 
Expanding beam 24 62 14 0 
Wheel axle 14 38 34 14 
Wheel 11 42 28 19 
Wheel arms 28 47 14 11 
Swivel plates 17 53 24 6 
Universal share arms 37 43 20 0 
Tynes (3") 15 32 44 9 
Hiller tynes 17 39 22 22 
Sweep or duck foot tynes 18 29 47 6 
Link arm top 27 59 14 0 
Link arm bottom 28 56 13 3 
Sliding bracket 32 47 15 6 


 


4.4.11 Implement parts replacement intervals 


The most regularly replaced plough part was the share with 39% of households replacing this at 


least three times a year.  Shares, wheels, axles and landsides were replaced at least once a year.  


Wheel arms and mouldboards were less frequently replaced.  Handles, beams, frogs and stays were 


rarely replaced on ploughs (Table 4.11).  Most parts on the cultivator including tynes were rarely 


replaced (Table 4.12). 


Table 4.11:  % of households reporting frequency of plough parts replacement 
 


Plough parts More than 
Three times/year


Once 
Or twice/year 


Once every 
two years 


Once every 
three years 


Rarely 


Share 39 55 4 2 0 
Mouldboard 1 6 18 12 63 
Hake (regulator) - 1 1 3 95 
Wheel  16 54 6 13 11 
Axle 14 54 5 12 15 
Wheel arms 1 14 27 12 46 
Landside 8 47 15 7 23 
Frog 1 2 2 7 88 
Adjusting bar holder - 7 3 1 89 
U-clamp assembly - 9 7 8 76 
Left handle - 2 1 - 97 
Right handle - 1 1 1 97 
Drawbar assembly - - - 3 97 
Stays - 1 - 3 96 
King bolt 5 12 4 5 74 
Plough beam - 2 - - 98 
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Table 4.12:  Frequency of replacement of cultivator parts 
 


Cultivator parts More than 
three times/year


Once or 
twice/year


Once every 
two years 


Less than once 
Every three years


Rarely 


Lever adjusting assembly 0 0 0 0 100 
Handle bar 0 0 0 0 100 
Rack for adjusting lever 0 0 0 0 100 
Beam and draw bar 0 0 0 0 100 
Expanding beam 0 0 0 0 100 
Wheel axle 0 18 9 9 64 
Wheel 0 15 15 9 61 
Wheel arms 0 3 3 3 91 
Swivel plates 0 0 0 3 97 
Universal share arms 0 0 3 3 94 
Tynes (3") 0 26 17 6 51 
Hiller tynes 0 8 8 4 80 
Sweep tynes 0 18 18 3 61 
Link arm top 0 0 0 6 94 
Link arm bottom 0 0 0 3 97 
Sliding bracket 0 0 0 3 97 


 


4.4.12 Sourcing of plough and cultivator parts and repairs 


Eighty percent of households purchased plough spares from Masvingo city, 18% purchased from 


local stores and 2% of households got assistance from local blacksmiths.  Plough parts most 


commonly obtained from local stores were wheels, axles, wheel arms, shares and landsides.  Parts 


repaired by local blacksmiths included handles, landsides, shares, and mouldboards, with most 


repairs taking less than one day to fix.  Cultivator parts sourced from local stores or repaired by 


blacksmiths included wheel arms, axle, wheel and tynes. 


 


Depending on where farmers were located in the study areas, implements and spares were sourced 


from retail shops in local village business centres, at Ngundu, Chivi Business Centre and Masvingo 


City.  The nearest and the furthest service points were 15 km (Gari to Ngundu) and 115 km 


(Chedenje to Masvingo), respectively.  Most farmers preferred to source spares from Masvingo City 


unless a fault occurred during work and one had to buy from the nearest local shop.  Table 4.13 


shows the nearest places from where implements and spares were sourced by households from 


respective areas. 
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Table 4.13:  Places from where households source implements and spares 
 


District Study areas Source of implements and spares (distance in kilometres 
between study area and source) 


Chivi Gari 
Mutangi 
Nyimai 


Ngundu (20), Masvingo (115) 
Chivi (15), Masvingo (90) 
Chivi (20), Masvingo (45) 


Masvingo Chedenje 
Mshagashe 
Mushandike 


Rarangwe (4), Zengeya (10), Ngundu (25), Masvingo (120) 
Masvingo (35) 
Masvingo (30) 


 


4.4.13 Sources of knowledge on implement use 


Households obtained their knowledge on the use of the plough from various sources.  The most 


frequently stated being Arex (60%), other household member (30%), their father (25%) or other 


farmers (11%).  Most farmers controlled the depth of ploughing using the wheel (70%), or the depth 


regulator (30%).  Width was controlled by the regulator hake (61%), other (31%) or widening the 


frog (8%). 


 


Of those who owned cultivators, 45% gained their knowledge on cultivators from Arex, 35% from 


their fathers and 20% from another family member.  About 76% used the wheel for depth control, 


and 21% did not control depth of cultivation at all.  Most households (97%) used the lever for width 


control and 3% of households owned cultivators with no control mechanisms. 


 


4.4.14 Renovation of implements 


Fifty-three ploughs and two cultivators owned by households who participated in the implement 


trials were renovated during the comparative performance trials (Chapter 5.1).  Only two out of a 


possible six cultivators were evaluated in the 2000-2001 spring season.  Distribution of renovated 


ploughs by age categories is shown in Figure 4.6. 
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Figure 4.6:  Categorisation of renovated ploughs by age 


 


All implements had at least a defect that required repair work, adjustment or modification.  The 


most frequently replaced plough parts were wheel assemblies, shares, landsides, and drawbar hitch 


assemblies.  Parts that were replaced on cultivators included 250-mm sweeps and reversible 75-mm 


tynes.  Plough parts that were frequently replaced and the mean number of households who replaced 


each part are shown in Figure 4.7.  Plough parts that were replaced for the different households are 


given in Table 4.14.  Examples of some defects found on implements are in Appendix 9. 
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Figure 4.7:  Number of households and respective parts replaced on ploughs 
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Ploughs with missing drawbars constituted 70% of the sample.  Ploughs with complete drawbar 


hitch assemblies were largely owned by well and average-resourced households (70%), mostly from 


Chedenje, Mushagashe and Mushandike areas.  Plough beams and handles were generally in good 


condition and did not require replacement or repair.  Figure 4.8 shows condition of a plough before 


and after renovation and Figure 4.9 shows a cultivator in poor condition before renovation. 


 


Table 4.14:  Plough parts repaired for the different household resource groups 
 


 Household category 
Plough part Well-resourced (%) Average-resourced (%) Poorly-resourced (%) 
Share 79 100 75 
Mouldboard 5 36 19 
Hake regulator 53 93 81 
Wheel 79 93 88 
Axle 79 93 88 
Wheel arms 68 86 81 
Landside 79 79 94 
Frog 11 14 31 
U-piece and set screw 58 79 88 
U clamp and assembly 68 57 75 
Left handle 0 0 0 
Right handle 0 0 0 
Hitch assembly 47 86 63 
Stay beams 5 14 19 
King bolt 47 21 63 
Plough beam 0 0 0 


 


Details of frequency of plough part replacement for the different seasons are shown in Appendix 10.  


The mean plough mass before and after renovation was 33.6 kg (ranging from 22.4 to 39.2 kg) and 


37.8 kg (ranging from 33.5 to 41.8 kg), respectively.  Ploughs weighed 4.2 kg (12.5%) more after 


repair. 
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a)  A plough before renovation:  Mutangi-20.05.00 b)  A plough after renovation: Mutangi-20.05.00 
 


Figure 4.8:  Condition of a plough before and after renovation 


 


 


 


 
 
 
 
 
 
 
 
 
 
 
 
A boy holds a cultivator before it was renovated.  (Note:  Missing 


wheel and arm assembly):  Mshagashe-11.01.01 
 


Figure 4.9:  Condition of a cultivator before renovation 
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4.5 Discussion 


Results showed that, as expected, well-resourced households were less constrained in terms of 


accessing labour, DAP and implements for cropping activities than the average and resource-poor 


households.  Well-resourced households were from the small-scale commercial and resettlement 


areas while poorer households were from Chivi communal areas where land was generally 


inadequate, grazing was poor, soils were predominantly sandy and the area received lowest rainfall.  


Households in Mushandike were largely in the average category and had more potential for 


generating household income all year round from irrigated crops than farmers from other areas even 


though arable and grazing lands were limited. 


 


Land ownership in Mushandike, Chedenje, and Mshagashe followed distinct patterns in terms of 


size of areas that were determined by type of settlement and farming sector, regardless of RGs.  


Communal farmers from Chivi had inadequate arable lands.  In Mshagashe, farms were not being 


fully utilised and some farms were sub-divided among family members but sharing grazing areas. 


 


Most households relied mostly on cropping for family income generation and food security.  Maize 


was important for home consumption and for local sales, especially for better-resourced farmers 


who produced surplus grain.  Cotton was an important crop grown in all areas except in Mshagashe 


where the incidence of cold weather before cotton balls split and water-logging were limiting 


factors. 


 


Farmers in Chivi communal area used little or no basal fertilisers due to high costs of inputs and 


they believed that fertilisers were unsuitable in sandy soils and cause burning effect on crops during 


drought spells.  The use of kraal manure was common among all categories of households but its use 


dependent on cattle ownership.  Since well-resourced farmers had larger arable lands as well as 
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access to DAP than average and poorer farmers, they had the capacity to cultivate larger areas.  


They hired labour from poorer households mainly for weeding and harvesting.  Poor households 


would get DAP, grain/food or cash in return. 


 


As expected, shortage of DAP was most severe among resource-poor households who lacked 


finance to rebuild animal herds.  Ownership of cattle was closely related to household capital.  


Resource-poor households relied on making arrangements for hiring, sharing or exchanging labour 


for DAP similar to findings by Ellis-Jones (1999) and Zindi (1999).  The shortage of DAP among 


poorer households suggest that they were more likely to delay land preparation and consequently 


achieve lower yields than better-resourced households due to DAP shortage. 


 


Due to shortage of oxen, farmers used, cows, bulls and heifers to form draught teams.  Both cattle 


and donkeys provided draught but cattle were considered more valuable than donkeys as they were 


used for socio-cultural and socio-economic functions, while donkeys only provide draught (Ellis-


Jones, 1997).  Donkeys were spanned together with cattle using yoke harnessing systems even 


though farmers were aware that appropriate donkey harnesses should be used.  Cattle yokes are 


inappropriate for harnessing donkeys because they cause discomfort and injuries.  Donkeys do not 


exert their forces from withers as cattle do, but from the breast (Jones, 1997).  Thus, useful draught 


energy can be wasted through inappropriate harnessing of donkeys. 


 


Ploughs and cultivators that were up to 65 years old were still in use.  Results show that, poorly-


resourced households, owned older ploughs than other better-resourced households.  Basing on the 


dominant age group of resource-poor farmers (36 to 45 years), very old ploughs were most likely 


inherited from parents.  Older plough designs presented compatibility problems with some spares 


(e.g. landsides) due to changes in design of newer ploughs.  Farmers complained of weak materials 
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used in the manufacture of some implement parts such as hitch assemblies and shares.  This meant 


that farmers would need to frequently replace implement parts but due to high cost of spares, repair 


and maintenance of implements was not usually done timeously and farmers tended to improvise 


repairs. 


 


Findings indicate that most ploughs and cultivators were poorly maintained and were used with 


some parts seriously worn out or missing/removed.  Results suggest that the poor condition of 


implements is attributable to the old age of implements, poor access to spares by farmers, high cost 


of spares and lack of proper spanners.  Poor maintenance of implements can be attributed to 


farmers’ lack of knowledge in correct implement setting, use and maintenance.  Most households, 


including those with Master Farmer training, did not know the functions of some of the important 


implement parts. 


 


Most farmers did not keep stock of spares except for a few nuts and bolts and they did not have 


policies for implement replacement.  The frequency of replacing parts depends on area ploughed 


each season rather than elapsed time.  Wear rates for soil engaging parts given by the IAE (1986b) 


for sandy soils are as follows: share (2 ha), wheel (10 ha), landside (15 ha) mouldboard (40 ha).  


Results showed that replacement of mouldboard and shares agreed with recommendations by the 


IAE but differed on wheel and landside replacement.  Most farmers were replacing wheels and 


landsides more frequently than expected given the size of lands ploughed by most farmers.  The 


high frequency of replacing wheels and landsides was related to farmers’ habit of using the wheel to 


set ploughing depth in the absence of hitch assembly. 


 


Poor condition and knowledge of use and maintenance of ploughs and cultivators can lead to 


increased demand for draught animal power (DAP) putting additional strain on both animals and 
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operators.  It is also likely to have an impact on crop productivity as a result of poor land preparation 


(shallow ploughing, poor soil inversion, increased weeding burden and poor crop establishment).  


Weeding with cultivators that are in poor condition after poor land preparation is also likely to result 


in mechanical damage, made worse by poor maintenance and setting and crop rows being rarely 


straight. 


 


Although some implement spares were sourced from local stores, households preferred to source 


most spares from Masvingo City where supply was reliable and they could compare prices.  Farmers 


could also buy other farm inputs in one trip.  Few blacksmiths provided repair services to farmers 


and were able to make a limited number of implement spares.  They also renovated shares, landsides 


and patched up mouldboards and mended broken handles.  Repair service provided by blacksmiths 


was usually affordable and payment could be made in kind.  However some households expressed 


concern on the quality of the workmanship of blacksmiths.  This problem was raised by focus 


groups during trial evaluations (Koza, Ellis-Jones and O’Neill, 2000; Koza, Mudamburi, Ellis-Jones 


and O’Neill, 2001).  Some of the repairs or fabrication done by blacksmiths did not conform to 


standard specifications and this gave compatibility problems when a farmer purchased genuine 


replacement parts. 


 


Some of the constraints faced by households were long distances to local shops, poor access to 


spares, high cost of spares, non-availability of spares in local shops and some spares were not 


stocked at the time when households got cash from early crop sales in May/June.  Most local shops 


stocked spares towards the beginning of the ploughing season, in October/November and by that 


time the cost of spares will have increased. 
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Since the majority of farmers were not formally trained in the use of DAP and animal-drawn 


implements, the absence of implement operating instructions was a possible contributing factor to 


improper use and poor maintenance of implements by smallholder farmers.  Farmers lacked 


knowledge in correct implement setting.  Most farmers, particularly the poor-resourced, had not 


received Master Farmer training that is offered by Arex through AEWs.  This showed that there was 


a need to strengthen training of farmers in correct and efficient use of animal-drawn implements. 


 


4.6 Conclusion 


Shortage of DAP, poorly maintained implements, lack of knowledge in correct implement use and 


setting, high cost and poor access to spares, limited grazing, inadequate arable land, inadequate 


cattle dipping facilities, inappropriate donkey harnessing were some of the constraints that were 


identified in the study.  These factors contribute to low agricultural productivity that threaten the 


food security situation of smallholder farmers. 


 


Cropping was an important source of income for all resources groups with livestock contributing 


more to income of better-resourced households.  Maize and cotton were important crops among 


other crops grown.  Poorer households produced food for home consumption with very little or no 


surplus for sale due to limited resources. 


 


About a third of smallholder farmers were resource-poor with limited access to basic resources for 


crop production.  The shortage of DAP, poor access to spares and implements were major 


constraints mostly affecting the poorer farmers.  Improved access to implements and spares can be 


achieved through empowering rural blacksmiths so that they can offer manufacturing and repair 


services to farmers in the local communities. 
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Most households owned at least a plough and only the well-resourced farmers owned other 


implements including cultivators and harrows.  Some very old implements were in use and poorest-


resourced households owned older implements which were often in a worse condition than 


implements owned by better-resourced households.  The hypothesis that well-resourced households 


own implements in better condition than resource-poor farmers can be accepted. 


 


Most farmers, including those with Master Farmer training, did not know the functions of some of 


the important implement parts.  Although knowledge on the use of DAP and implements was mostly 


acquired through Arex and informal means, there was lack of knowledge and skills in implement 


use and maintenance that contributed to the poor condition of implements.  The hypothesis that 


farmers are able to correctly set, operate and maintain implements can be rejected based on results 


from this study.  The escalating cost of implements and spares was a constraint that inhibited timely 


repair and maintenance of implements by smallholder farmers. 


 


Communal farmers had inadequate grazing and arable land.  In order to achieve meaningful 


production in communal areas, there is need to reduce the pressure on land due to land being opened 


up for cultivation resulting in reduced grazing and arable land. 


 


Constraints in training and extension on DAP technology utilisation were identified.  There is need 


to review the Arex Master Farmer training programme.  A more practical oriented approach that 


may include ploughing competitions and field demonstrations could improve the effectiveness of 


training.  Training of farmers in the correct use and maintenance of DAP implements, with emphasis 


on the importance and functions of parts that are usually removed, remains a high priority to 


increase both livestock and crop productivity at smallholder level. 
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CHAPTER 5 


EFFECT OF RENOVATION ON IMPLEMENT PERFORMANCE, SOIL PHYSICAL 


CHARACTERISTICS AND AGRONOMIC PARAMETERS 


 


This chapter is in two parts, 5.1 and 5.2.  The first part deals with the effect of renovation on 


implement performance and the second part focuses on effect of implement renovation on soil 


physical characteristics and crop yields. 


 


5.1 Effect of renovation on implement performance parameters 


5.1.1 Introduction 


Findings from the preceding chapter indicated that most smallholder farmers in the study areas 


owned poorly maintained implements and farmers removed some implement components due to 


lack of knowledge in correct use and maintenance. 


 


The performance of an implement in carrying out a tillage operation is determined by operator 


skills, condition and setting of the implement, capacity of draught animals to pull, harnessing system 


used, level of training and willingness of animals to work, soil conditions and prevailing ambient 


conditions. 


 


It was hypothesised that quality of work can be improved by using an implement that is correctly 


adjusted to suit field conditions and available draught to achieve desired soil conditions.  


Comparative tests to evaluate the performance of ploughs and cultivators in spring and winter 


seasons were conducted over two seasons, 1999-2000 and 2000-2001.  Participating farmers had 


been nominated during focus group discussions (Chapter 4).  The objective was to determine the 
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effect of repairing implements on the quality of work, implement performance and handling.  


Farmers’ knowledge and skills in implements use and setting was also assessed. 


 


5.1.2 Objective 


The objective was to evaluate the performance of ploughs and cultivators before and after 


renovation in terms of depth and width of cut, draught, specific draught, field capacity, weeding 


efficiency, field efficiency, quality of work and implement handling. 


 


5.1.3 Hypotheses of study 


a) Renovation of implements results in better field efficiency, higher field capacity and improved 


weeding efficiency. 


b) Implement renovation increases draught and reduces specific draught. 


c) Renovation of implements improves quality of work resulting from deeper ploughing. 


d) Renovated implements that are correctly set are easy to control and cause less stress on the 


operators. 


 


5.1.4 Materials and methods 


Inspection of a random sample of farmers’ ploughs and cultivators was carried out to estimate the 


quantity of spares likely to be required to renovate ploughs and cultivators.  Implement spares were 


procured and prices of spares were noted in order to monitor the trend in costs in the respective 


areas during the study period.  Measuring instruments, equipment and tools that were used during 


implement testing and renovation are given in Table 5.1. 
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Table 5.1:  Instruments and equipment used during implement performance tests 
 


Name Make Model/Type Size/Range Purpose 
Cylinder cores Eijkelkamp  200 cm3 Soil coring cylinder 
Dictaphone Philips 295 Pocket memo 30 min Tape recording draught 


readings and any stoppages 
during work 


Dry bulb 
thermometer 


Zeal High range Masons type 0-100 C Ambient temperature 
measurement 


Dutch auger   50 mm diameter Soil texture sampling 
Hand hoe   Steel Small Digging out soil core 


cylinders 
Heart rate monitor Polar Electro Oy T61-coded - Plough operator heart rate 
Load cell 
(Tension/Compres
sion) 


Tedea Huntleigh No. 616 0-3000 N Draught force measurement 


Scale EKS EKS electronic-1002 0-2 kg Core cylinder soil mass 
Shear vane Edeco Pilcon Hand vane tester 19 mm vane, 0-


120 kPa 
Soil shear stress 


Spanners Diamond Brand Combination 17, 19,22 mm Undoing and tightening 
nuts and bolts 


Split auger   25 mm diameter Soil moisture sampling 
Stop watch Q&Q Digital - Timing operations and 


stoppages 
Theta Probe Delta-T ML-1  0-1 m3.m-3 full 


range 
Volumetric soil moisture 
content 


Theta Meter 
readout unit 


Delta-T HH1 0-1 m3.m-3 full 
range 


Used with a Theta Probe to 
measure volumetric soil 
moisture content 


Transducer 
readout unit 
(rechargeable) 


 RT-200 0-3000 N Used with a load cell to 
measure draught force 


 


 


Test plots 


A test plot was identified at each household’s farm site.  The plot was split into two equal portions, 


plot A and B.  Each portion measured 100 m long by 8 m wide as minimum dimensions.  The 


farmer’s implement (plough or cultivator) was tested in its original condition in plot A.  After 


renovation the plough was tested in plot B.  The test plots were marked out using 1-m long, 10 mm 


diameter steel pegs.  Scratch marks were made to demarcate the plots using a test plough.  


Depending on the ploughing pattern preferred by the farmer, either gathering or casting, opening 


furrows were made in the test plots.  Two pegs, 50 m apart, were placed in the middle-third of the 


opened furrows to be used for measuring the time taken by animals to cover 50 m so as to determine 


speed of operation.  Two pegs were placed on each of the opening furrows at a distance of 20 m on 
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either side of the 50 m distance marked previously in order to mark datum points for taking width of 


cut measurements for each test run. 


 


Soil sampling 


Soil sampling for moisture content determination was done after marking out the test plots.  Soil 


shear strength and bulk density measurements were taken after sampling for soil moisture content.  


Three replicates of soil samples, each weighing between 200 to 250 g at two depths of 0-150 mm 


and 150-300 mm, were taken in each plot using a split auger.  Samples were placed in plastic 


sampling bags, sealed and taken for oven-dry moisture content determination by dry basis at the Soil 


and Water Conservation laboratory at Makoholi Research Station, Masvingo. 


 


Four replicates of soil bulk density and shear strength were taken in each plot at 50, 100, 150, 200, 


250 and 300 mm depths at each sampling station.  Soil shear stress measurements were taken using 


a 19 mm diameter Edeco Pilcon hand vane tester.  The shear vane tester was carefully pushed into 


the soil to each of the respective depths.  The dial was turned until the soil sheared.  Soil shear 


strength at the point of shear was indicated on the dial indicator and was recorded for each 50 mm 


depth interval up to 300 mm.  Bulk density samples were taken very close to shear strengths 


sampling stations. 


 


An Eijkelkamp cylinder core was carefully driven into the soil at each depth interval, avoiding any 


soil disturbance.  A Delta-T ML-1 theta probe was inserted into the middle of the cylinder core and 


soil moisture in mV was recorded and the soil in the core was weighed using an EKS-electronic 


1002 digital scale.  Readings were recorded on a data sheet shown in Appendix 10.  Volumetric soil 


water content (θ) used for bulk density calculations, was determined using the following expression 


(Delta-T Devices Ltd., 1999): 
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/ε = 1 + 19V2 - 9.72V3 + 24.35V4 - 30.84V4 + 14.73V5 
 


Soil water content (SWC) = a + b /ε      (m3m-3) 
 


where a = -0.1905, b=0.119 (a and b are calibration coefficients for standard 


calibration) 


/ε = the apparent dielectric constant of the soil 


V = Volts (theta probe readings measured in millivolts) 


 


Soil texture was determined from samples taken from three replicates at two depths of 0-150 mm 


and 150-300 mm in each test plot using a Dutch auger.  Two composite samples made up of three 0-


150 mm samples and three 150-300 mm samples were then used to determine soil texture.  Samples 


for soil texture determination were air-dried and then subjected to the standard method for the 


mechanical analysis of soils to determine sand, silt and clay fractions (IAE, 1988). 


 


Weeding efficiency 


Initial soil surface description of each plot was noted before conducting plough tests.  Weed 


infestation was determined by randomly throwing a 0.25 m2 (0.5 m x 0.5 m) quadrant along the test 


plots to get five replicates for each sub-plot.  Weeds inside the quadrant were counted before (W1) 


and after ploughing or cultivating (W2) and weeding efficiency was calculated using the following 


expression: 


Weeding efficiency = [(W1 - W2)/W1] x 100 (%) 


 


Draught potential of animals 


Animal live weights were estimated from each animal’s girth (G) and length (L) dimensions using 


the expressions (a) and (b) for cattle (Smith et al, 1994) and donkeys (Pearson and Ouassat, 2000), 
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respectively, indicated in Chapter 2, sub-section 2.3.1.3.  A total live weight of each of the 53 


draught teams was determined by summing up the individual weights of draught animals.  A draught 


potential of 10% of the total weight was calculated for each draught team. 


 


Specification of harnessing and traction systems 


Harnessing systems used for each draught team and their respective specifications were recorded.  


Yoke specifications that included yoke shaft diameter, length of yoke shaft, position of skeis in 


relation to the centre of the yoke shaft and the centre distance between each pair of skeis were 


measured.  Traction specification, particularly trek chain length, and height at yoke above ground 


were measured and the angle of pull was determined with the implement at operating depth, see 


Figure 2.2 under sub-section 2.3.2.  Chain length adjustments and modifications made during tests 


were noted and subsequent changes in angles of pull were noted.  Figure 5.1 shows yoke dimensions 


that were measured from all the yokes that were used with each draught team. 


 
 
 
 
 
 
 
 
 


 


Figure 5.1:  Dimensions measured on double neck yokes 


All dimensions on the yoke were taken in mm and are described below: 
 


A = length of yoke shaft 
B = distance between skei centres 
C1 = distance from yoke shaft centre to centre of left side skeis 
C2 = distance from yoke shaft centre to centre of right side skeis 
D1 = distance between left side skeis 
D2 = distance between right side skeis 
E = yoke shaft diameter 
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Specification of test implements 


Test implements were weighed before and after reconditioning using a load cell.  The mass of the 


plough was indicated on the load cell readout meter.  Implement specifications that included type, 


make, model, and age were recorded. 


 


Field performance of implements 


After taking soil samples and plough specifications, plot A was ploughed using the farmer’s typical 


practice, settings and adjustments.  Starting and finishing times were noted respectively and any 


stoppages during ploughing were recorded using a Q&Q digital stop watch.  Any stoppages and 


reasons for stopping were also noted. 


 


Ploughing depth, width of cut, time taken to plough a distance of 50 m and draught were measured 


for each pass.  Ten depth measurements were taken randomly along each furrow by placing a 


straight edge horizontally on the unploughed ground on the furrow wall and measuring the vertical 


distance from the furrow bottom to the straight edge using a steel measuring tape.  Two widths of 


cut measurements were taken from the two datum steel pegs to the furrow wall for each pass using a 


measuring tape. 


 


Draught readings were measured using a Tedea Huntleigh-No 616, tension/compression, load cell 


attached between the trek chain and the plough hitch point.  A minimum of forty draught readings 


were recorded from five to ten ploughing runs per plot.  Readings indicated on the load cell 


transducer read out meter were noted for the respective runs.  Readings were called out and recorded 


using a battery-powered pocket Phillips-295 dictaphone.  The dictaphone was played back after 


testing and draught readings were taken down manually onto a data sheet. 
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Field performance parameters that included draught, speed, ploughing depth and width, total time 


taken to plough each plot and the area ploughed were recorded on a data sheet.  Work rate or field 


capacity for each paired plot was determined by dividing the area ploughed by the total time taken. 


Effective field capacity is a function of speed, width of cut and efficiency.  These variables are 


related as shown by the expression below (Kepner et al, 1978): 


Field capacity (ha/hr) = speed (km/h) x width of cut (m) x field efficiency (%) 
          10 


  where, field efficiency = (theoretical work rate/actual work rate) x 100% 


Draught recorded and work outputs were compared with theoretical values to ascertain if draught 


animals were working at their expected potential.  Implement draught force requirements provided 


an indication of the level of workload to which draught animals were subjected during ploughing or 


cultivating.  Ambient maximum temperatures were recorded at the start and at the end of each test 


using a Zeal dry bulb thermometer.  A sample of the data sheet onto which implement performance 


variables were recorded is shown in Appendix 11.  Figure 5.2 shows a typical ploughing operation 


at one of the test sites. 


 


 
 
 
 
 
 
 
 
 
 
 
 
 


 


Figure 5.2:  Ploughing and planting maize behind a plough:  Mshagashe West-16.12.99 
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Mechanical weeding tests were conducted at two sites in the 2000-2001 season with RG1 


households only.  Weeding was done at about 3 to 4 weeks after crop emergence.  Tests were 


conducted in the test plots that had been previously ploughed with the farmer’s plough in its typical 


condition and after renovation, respectively.  At each site, the farmer weeded plot A first with the 


cultivator in its original condition, settings and adjustments.  Plot B was weeded after renovating the 


cultivator.  Figure 5.3 shows mechanical weeding operation using a BS41 cultivator in a cotton crop. 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 


Figure 5.3:  Mechanical weeding with a BS41 cultivator in cotton:  Chedenje-09.01.01 


 


Implement renovation 


After ploughing or weeding plot A, draught animals were stopped and rested.  The test implement 


was unhitched and its condition was assessed.  Initial implement assessment was done after 


ploughing plot A to ensure that the farmer had used the implement “as found” without being 


influenced by the testing team.  The implement was renovated as described in Chapter 4, see 


subsection 4.4.14. 
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Thereafter plot B was ploughed or cultivated using the renovated implement using suitable settings 


and correct adjustments.  The same draught animal team used before implement renovation was 


used.  Field performance parameters were recorded similarly as in plot A.  Quality of work, 


determined by soil inversion and crop residue or weed burial was assessed visually.  Visual 


assessments and subjective comments by the implement operators on differences in quality of 


ploughing, implement handling and controlling were recorded after completing the tests. 


 


Heart rate measurements of plough operators 


Heart rates of operators during ploughing were recorded in the second winter ploughing season 


(2000-2001 season).  A Polar Electro Oy T61-coded heart rate (HR) monitor was used to record 


the plough operators’ HR characteristics during resting, working and recovery for comparisons to be 


made between test plots.  The system uses sensors that detect electrical activity generated by the 


heart and a monitor dedicated to the sensors.  Figure 5.4 shows an operator wearing the sensing 


system.  HR readings, measured as heart pulses per minute, indicated the level of physiological 


stress due to workload on the operator.  Specification of the plough operator i.e. sex, age, estimated 


body weight and arm length were noted on a data sheet shown in Appendix 12.  HR readings of the 


operator were taken to obtain data on the easiness of implement handling, control and discomfort 


caused by the condition of the plough and settings.  The elevation of working HR above resting HR 


before and after plough renovation was determined for 12 operators.  HR elevation was expressed as 


a function of resting HR using the following expression: 


[(Working HR-Resting HR)]/Resting HR 
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Figure 5.4:  A plough operator wearing heart rate sensing equipment:  Nyimai-22.06.01 


 


Data analysis 


Raw data were captured in Excel spreadsheets (Microsoft Corporation, 1997) and measured 


variables were appropriately coded to be read by the Statistical Analysis System (SAS) software 


(SAS Institute Inc, 1996). 


 


The main data sets comprising class and continuous variables were converted from spreadsheets to 


SAS files.  Correlation analyses of plough and cultivator performance data were run so as to 


establish variables with high correlations.  This was done to eliminate some variables which were 


closely associated with each other and avoid inaccurate prediction of the dependent variable to be 


analysed in the models.  The inclusion of highly correlated independent variables in General Linear 


Models (GLMs) would result in inaccurate estimates of regression coefficients normally caused by 


collinearity (Dilorio, 1991). 
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Dependent variables were assigned respective independent variables.  For example if draught was 


the dependent variable to be analysed, three or so independent variable that influence draught, such 


as depth, speed and plough defects, were used in the model to analyse draught.  The independent 


variables formed what is known as a class in the SAS procedures.  Class variables for each 


dependent variable were determined as required by the SAS system and analyses of variance 


(ANOVA) were carried out for the respective dependent variables.  GLMs were used for the 


ANOVA tests.  GLM is one of the SAS procedures that computes ANOVA for data in unbalanced 


designs.  One way ANOVA, with treatment as the independent variable, was run for all performance 


parameters to determine how implement renovation influenced these parameters. 


 


5.1.5 Results 


5.1.5.1 Draught animal teams 


Households used draught animal teams with different compositions during the trials.  The majority 


of draught teams (89%) were composed of four animals while 11% had two animals.  Draught teams 


with at least a donkey accounted for 11% of spans and were mainly used by poor-resourced 


households.  The rest were cattle spans used by all resource groups.  The majority (75%) of draught 


teams had cows.  About 40% of draught teams had a cow-oxen combination cutting across all 


resource groups and 43% of draught teams had balanced numbers of cows and oxen, i.e. 2 cows and 


2 oxen in a team.  Only one household used a four-donkey draught team.  Draught teams with two or 


four-oxen constituted 9% each, of the total teams and these were mainly used by the well-resourced 


households.  Teams with bulls accounted for about 21% of the total number of teams.  About 11% 


of the draught teams were hired or borrowed by resource-poor households (RG3 and 4).  Figures 5.5 


and 5.6 show the type of draught animals that made up draught teams during implement 


performance trials. 
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Figure 5.5:  Types of draught animals used by households 
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Figure 5.6:  Single-type of draught animal teams used by households 


 


5.1.5.2 Draught potential of spans 


Draught potential of animals was estimated to be 10% of the combined weight of animals in each 


team.  Draught potential was 0.79 kN and 1.13 kN for two-animal and four-animal teams, 


respectively.  One four-donkey team had a draught potential of 0.54 kN.  The mean live weight of 


each animal in two-animal and four-animal cattle spans was 403 kg and 288 kg, respectively while 


each donkey had a mean live mass of 123 kg. 
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5.1.5.3 Harnessing and hitching systems used in the trials 


Double neck yokes were used to harness draught animal spans including spans that had donkeys.  


Farmers did not use correct donkey harnessing systems.  The means of the plough yoke shaft 


diameter and length were 72 mm and 1309 mm, respectively.  The mean skei centre distance was 


772 mm while the mean distance between skeis was 247 mm.  Farmers used yokes that had varying 


specifications.  Results showed significant (P<0.0001) differences in yoke dimensions.  The mean 


trek chain lengths for farmer-set and modified system were 2.8 m (ranging from 2 m to 3.65 m) and 


3 m (ranging from 2.38 m to 3.65 m), respectively.  Cultivator yoke shafts had a mean length of 2.33 


m and shaft diameter of 78 mm.  Distance between skeis was 265 mm while the mean skei centre 


distance was 1.71 m.  Examples of how some farmers harnessed donkeys during ploughing are 


shown in Appendix 12. 


 


5.1.5.4 Plough performance 


The prevailing maximum dry bulb ambient temperatures recorded during spring ploughing tests 


ranged from 20°C to 34°C (mean of 27°C).  In winter temperatures ranged from 17°C to 24°C 


(mean of 21°C).  Results of the analysis of variables measured during testing are summarised in 


Appendices 13 and 14.  An analysis of individual variables measured during tests is presented 


below. 


 


Draught was one of the important variables measured to compare the performance of the plough 


before and after renovation.  The resultant draught in a tillage system is a function of the implement-


soil characteristics.  Factors that make up the implement-soil system include soil conditions, surface 


texture, depth and speed of operation, geometry and orientation of the implement. 
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A mean increase of 24% in draught was recorded after plough renovation.  A one way ANOVA 


showed that the mean draught recorded after renovation (1.09 kN) was significantly higher 


(P<0.0001) than that recorded before renovation (0.88 kN).  An analysis of variance for draught is 


given in Table 5.2.  Depth, speed of work, plough mass, defects and speed-depth interaction were 


significant (P<0.0001) in predicting draught.  The minimum and maximum values of draught 


recorded, in all test plots, were 0.343 kN and 1.857 kN, respectively.  Mean specific draught 


recorded before and after renovation was 3.3 N/cm2 and 2.9 N/cm2, respectively.  A significant 


(P<0.0001) reduction in specific draught was observed after implement renovation due to an 


increase in area of the furrow slice as a result of an increase in working depth. 


 


Table 5.2: ANOVA for draught during ploughing 
________________________________________________________________________________________________ 
Dependent Variable: DRAUGHT 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                   69        18499713.05809990         268111.78345072    93.01    0.0001 
Error                  214          616877.37499868           2882.60455607 
Corrected Total        283        19116590.43309850 
                  R-Square                      C.V.               Root MSE       DRAUGHT Mean 
                  0.967731                 5.465149             53.68989249       982.40492958 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
DEPTH                    4          126642.11607149          31660.52901787    10.98    0.0001 
SPEED                    1           61616.62759514          61616.62759514    21.38    0.0001 
SPEED*DEPTH              2          121246.93052649          60623.46526324    21.03    0.0001 
PLOUGH DEFECTS           8         2831034.35714285         353879.29464286    23.23    0.0001 
PLOUGH MASS             46         9768402.62083333         212356.57871377    13.94    0.0001 
MC                       1           10302.25470476          10302.25470476     3.86    0.0515 
___________________________________________________________________________________________________________________ 
 


A typically farmer-set plough worked at a mean depth of 92 mm.  After renovation the mean 


ploughing depth was 128 mm.  Depth of ploughing significantly increased (P<0.0001) after plough 


renovation.  Table 5.3 shows that plough mass and defects were significant (P<0.0001) while bulk 


density, soil moisture and shear stress were significant (P<0.05) in predicting depth of ploughing. 


 


 


 


Table 5.3:  ANOVA for depth of ploughing 


________________________________________________________________________________________________ 
Dependent Variable: DEPTH OF PLOUGHING 
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Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                   61          191188.08959617           3134.23097699    24.89    0.0001 
Error                  262           32993.58478409            125.92971292 
Corrected Total        323          224181.67438026 
                  R-Square                      C.V.               Root MSE         DEPTH Mean 
                  0.852827                 9.800713             11.22184089       114.50024691 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOUGH DEFECTS          10           31454.28154731           3145.42815473    24.98    0.0001 
PLOUGH MASS             44           80645.62994317           1832.85522598    14.55    0.0001 
MOISTURE CONTENT         1             696.63724811            696.63724811     5.53    0.0194 
SHEAR STRESS             1             629.66420174            629.66420174     5.00    0.0262 
BULK DENSITY             1            1352.24139403           1352.24139403    10.74    0.0012 
________________________________________________________________________________________________ 


 


Ploughing width increased significantly (P<0.0001) by 13 mm after reconditioning ploughs.  Plough 


defects were significant in predicting width of cut.  Soil physical characteristics did not influence 


working width of ploughs.  Width of cut was moderately negatively correlated to specific draught (r 


=-0.48). 


After plough renovations, ploughing speed decreased by 7%.  Speed of operation in plot A ranged 


from 2.39 to 5.47 km/hr.  In plot B, speed ranged from 2.49 to 5.42 km/hr.  Mean speeds achieved 


with farmer-set ploughs and reconditioned ploughs were 4.12 km/hr and 3.86 km/hr, respectively.  


Speed of operation was significantly (P<0.0001) influenced by plough defects, depth of ploughing 


and draught potential of draught animal teams.  Results showed that speed decreased significantly 


(P<0.0001) after renovation. 


 


A decrease in speed, coupled with an increase in width of work, did not influence rate of work after 


plough renovation.  Mean work rates were the same (0.09 ha/hr or 11.11 hr/ha) for both farmer-set 


and the renovated ploughs.  This is equivalent to 0.54 ha/6-hour day.  Analysis of variance for work 


rate showed that speed, width and field efficiency were significant (P<0.01) in predicting work rate.  


The means of field efficiencies before and after renovation were 85% and 86%, respectively.  There 


were no significant differences in field efficiency when working with unrenovated and renovated 


ploughs. 
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As depth of ploughing increased after reconditioning ploughs, weeding efficiency improved.  


Results showed that both depth of work and plough defects were significant (P<0.0001) in 


determining weeding efficiency (Table 5.4).  The mean weeding efficiency of renovated ploughs 


(86%) was significantly (P<0.0001) better than that of farmer-set ploughs (71%). 


 


Table 5.4:  ANOVA for weeding efficiency during ploughing 
________________________________________________________________________________________________ 
Dependent Variable: WEEDING EFFICIECY 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                   98           83103.44761905            847.99436346   210.75    0.0001 
Error                  321            1291.60000000              4.02367601 
Corrected Total        419           84395.04761905 
                  R-Square                     C.V.                Root MSE       WEEDEFF Mean 
                  0.984696                 2.551430              2.00591027        78.61904762 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOUGH DEFECTS           6            3535.06666667            589.17777778   146.43    0.0001 
DEPTH                   84           42815.98974359            509.71416361   126.68    0.0001 
________________________________________________________________________________________________ 


 


5.1.5.5 Heart rate measurements of plough operators 


The elevation of working HRs for twelve operators using ploughs at different sites under varying 


field conditions before and after plough renovation are given in Figure 5.7.  A mean reduction in 


heart rate of 5% was recorded after renovation.  Results showed no significant difference 


(P=0.7956) in HR before and after renovation (128 pulses/minute in plot A and 127 pulses/minute in 


plot B).  Speed of work was significant (P=0.0144) while plough defects and depth of work were 


significant (P<0.0001) in determining operator HR even though there was low correlation between 


these variables and HR.  A typical illustration of the workload on the operator before and after 


renovation at one of the farm sites is given in Figure 5.8. 
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Figure 5.7:  Elevation of working HR above resting HR 
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Figure 5.8:  Heart rate of plough operator recorded in plot A and B at one test site-Mutangi: 05.07.01 
Rest=operator’s heart rate recorded while operator was sited before and after ploughing 
Plough=operator’s heart rate recorded while ploughing 
Turn= operator’s heart rate recorded while turning at headlands 


 


5.1.5.6 Cultivator performance 


The mean draught potential of two-animal spans used during weeding was 0.84 kN.  After 


renovation draught increased by 9%.  There was a significant difference (P<0.0076) in mean draught 


recorded in plot A (0.506 kN) and in plot B (0.553 kN).  Table 5.5 shows that speed and depth were 


significant in determining draught for weeding. 
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Table 5.5:  ANOVA for draught during weeding 
________________________________________________________________________________________________ 
Dependent Variable: DRAUGHT 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    2           64025.38563049          32012.69281525    18.59    0.0001 
Error                   37           63703.01436951           1721.70309107 
Corrected Total         39          127728.40000000 
                  R-Square                     C.V.                Root MSE       DRAUGHT Mean 
                  0.501262                 7.833379             41.49341021       529.70000000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
DEPTH                    1           51462.73198761          51462.73198761    29.89    0.0001 
SPEED                    1           25914.40129870          25914.40129870    15.05    0.0004 
___________________________________________________________________________________________________________________ 
 


Mean depth readings were 64 mm and 73 mm for plot A and B, respectively.  Depth increased 


significantly (P<0.0001) after renovation.  Depth of work was highly correlated to defects (r =- 


0.63), mass (r = -0.85) and speed (r = 0.91).  Plough defects were significant (P<0.0001) in 


predicting depth of work.  There was no significant difference between the mean working widths 


achieved before (553 mm) and after (541 mm) renovation.  Defects were not significant (P=0.74) in 


predicting width of work. 


 


The mean speeds of work for plot A and B were 3.6 km/hr and 4.2.km/hr.  The difference in speed 


was significant (P<0.01) and there was a significant (P<0.0001) effect of defects and depth in the 


prediction of speed.  Speed was highly correlated to depth of work (r = 0.91) and field efficiency (r 


= -0.86). 


 


The mean work rates before and after renovation were 0.24 ha/hr (4.2 hr/ha) and 0.27 ha/hr (3.7 


hr/ha), respectively.  An increase of 13% in work rate was recorded in plot B.  The increase was 


significant (P<0.0001) after renovation.  Speed and cultivator defects were important sources of 


variation and significant (P<0.0001) while width was significant (P<0.05) in predicting work rate.  


Work rate was highly correlated to field efficiency (r = -0.68) and weeding efficiency (r = -0.71). 


Mean field efficiencies obtained in plots A and B were 82% and 84% respectively and there was no 


significant (P=0.7685) difference between paired plots.  Speed was significant (P<0.0001) in 
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predicting field efficiency while width of work was not (P>0.05).  Field efficiency was highly 


correlated to depth, speed, work rate and moderately correlated to width of work. 


 


The renovated cultivator achieved a significantly (P<0.0001) higher weeding efficiency.  Mean 


weeding efficiency achieved before and after renovation was 48% and 86%, respectively, giving a 


79% increase after renovation.  Width, depth and defects were significant in predicting weeding 


efficiency as shown in Table 5.6. 


 


Table 5.6:  ANOVA for weeding efficiency of cultivator 
________________________________________________________________________________________________ 
Dependent Variable: WEEDING EFFICIENCY 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    3           12688.82904782           4229.60968261    61.93    0.0001 
Error                   36            2458.67095218             68.29641534 
Corrected Total         39           15147.50000000 
                  R-Square                     C.V.                Root MSE       WEEDEFF Mean 
                  0.837685                 12.38077              8.26416453        66.75000000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
DEPTH                    1             389.24253476            389.24253476     5.70    0.0223 
WIDTH                    1             709.49010911            709.49010911    10.39    0.0027 
DEFECTS                  1            8952.34243061           8952.34243061   131.08    0.0001 
_______________________________________________________________________________________________ 


 


 


5.1.6 Discussion 


Cattle were commonly used during tests and the majority of households used four animals while 


only 11% used two animals.  Donkeys were rarely used suggesting a preference for cattle for 


draught work even for households that owned both cattle and donkeys.  Most draught teams had 


female animals mostly cows and few had heifers. 


The trials demonstrated that all spans were capable of pulling the plough before and after 


renovations though the renovated plough weighed more than before renovation.  The draught 


requirement of the renovated plough was therefore within the pulling capacity of draught teams.  


The average draught animal (cattle) weighed about 288 kg which was less than the optimum weight 


(500 kg) of a draught animal (IAE, 1986b). 
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Traction and hitching systems i.e. yokes, skeis and trek chains did not comply with recommended 


specifications.  There was a wide range of yoke specifications with the majority of them having 


dimensions that were less than the recommended specifications.  The recommended skei centre 


distances for a plough and a cultivator yoke are 900 mm and 1800 mm, respectively.  Spacing 


between skeis should be 280 mm for both types of yoke but can be adjusted to suit animal sizes.  


The standard length of a plough and a cultivator yoke shaft is 1500 mm and 2400 mm, respectively 


while the shaft diameter is 80 mm (IAE 1986b).  Cattle yokes were used to harness donkeys.  Not 


only does the practice waste energy, it is uncomfortable and causes injuries to donkeys (Barwell and 


Ayre, 1982; Jones, 1977).  The traditional cattle yokes are inappropriate for donkeys because the 


pulling strength of donkeys is in the breast rather than in the withers. 


 


Even though speed and moisture content were weakly and positively correlated to draught, they both 


have a significant influence on draught.  Draught increases with increased forward speed due to 


more rapid acceleration of soil (Spoor, 1969; Kepner et al, 1978).  Soil moisture influences soil-soil 


and soil-metal parameters which in turn influences draught.  For example, in sandy soils found in 


Mshagashe, moisture softened and loosened soil and the resultant draught was lower than in more 


sticky conditions experienced in sandy clay loam soils in Mushandike. 


 


As expected, penetration characteristics of ploughs improved after renovation.  The mean ploughing 


depth achieved using farmer-set ploughs were consistent with findings by Francis, (1993) that 


smallholder farmers plough at shallow depths not exceeding 150 mm.  The IAE recommends a 


ploughing depth of 200 mm (IAE, 1986b), for the standard plough, but most draught animals did not 


have the capacity to sustain high draught associated with deep ploughing. 
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Lower specific draught readings were recorded after renovation due to an increase in the area of the 


furrow slice that was cut after plough renovation.  These values fell within limits given by Kepner, 


et al (1978).  The differences in draught observed before and after renovation are attributed to the 


area of the furrow slice (depth x width of ploughing), plough mass and changes in implement 


geometry caused by plough defects. 


 


Speed of operation is affected by factors such as draught potential of work animals, whether animals 


are trained or not, willingness of animals to work, depth and width of work, soil and field 


conditions, setting and condition of the implement.  Forward speeds for unrenovated and renovated 


ploughs showed that draught animals worked at faster rates than the normally expected speed of 1 


m/s for sustainable work output during ploughing (IAE, 1985).  Normally, forward speed should be 


comfortable for both work animals and operators and this can be achieved through correct training 


of animals and operators.  The shallow depth of ploughing achieved was a factor that influenced the 


higher speeds of work.  Results showed that speed, width of cut and field efficiency were significant 


in work rate prediction. 


 


Weeding efficiency was determined to compare the effects of plough performance on weed burial 


before and after renovation.  Increased weeding efficiency after plough renovation was attributable 


to improved penetration resulting in better soil inversion and weed burial.  Improved weed burial 


meant that the hand weeding burden, that is associated with poor quality of ploughing, would be 


reduced leaving fields with relatively less weeds and enabling a good environment for improved 


crop growth.  It is therefore beneficial for farmers to achieve good quality of seedbed preparation 


and eradicate weeds by deep ploughing prior to planting so as to ease the burden of weeding.  Deep 


ploughing also improves crop yields (Grant, 1968). 
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Possibly due to a small sample size, the mean reduction in elevation of operators’ HRs was not 


significant after plough renovation.  This reduction in the dynamic work load on operators after 


renovation, though small, was due to correct setting that improved the stability of the reconditioned 


ploughs.  Results showed that working HRs of plough operators, before and after renovation, did not 


exceed twice their respective resting HRs for sustainable work (Smith et al, 1994).  Should the HRs 


exceed twice the resting HRs, the operators would be over-stressed by the work load. 


 


The opinion expressed by most plough operators, though subjective, testify that renovated ploughs 


were easier to handle and control.  Visual assessments of the ploughing operations revealed that 


operators did not experience difficulties in controlling renovated ploughs.  Ideally, a well-set 


mouldboard plough should be stable, cutting a clean surface on the furrow wall and bottom (Culpin, 


1981). 


 


Although draught increased after reconditioning cultivators, draught animals worked between 60% 


and 80% of their pulling capability.  The maximum draught recorded during mechanical weeding 


was equivalent to 36% and 67% of the maximum and mean draught of ploughing, respectively.  


Draught demand for weeding was therefore lower than that for ploughing. 


 


Weeding depth achieved after renovation was slightly more than the initial depth achieved using 


farmer-settings.  Unlike with ploughs, cultivator defects were not significant in predicting width of 


work.  Weeding speed increased after renovation and consequently draught increased, as expected.  


Increase in speed improved field capacity although there was no significant difference in field 


capacities before and after renovation. 
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5.1.7 Conclusion 


As was correctly hypothesised, results indicated that reconditioning and correct setting of 


implements improved field performance, weeding efficiency, field efficiency and field capacity.  


Renovation of implements increased draught but reduced specific draught.  Despite the increase in 


draught after renovation, as correctly perceived by farmers, draught requirement of implements was 


within pulling capabilities of draught animals.  It is however technically incorrect to remove parts 


such as hitch assemblies to reduce draught because proper settings will no longer be possible and 


ploughs become difficult to control. 


 


The most important benefit of plough renovation was increased depth of ploughing, increased 


weeding and field efficiencies. 


 


Renovation, improved implement stability control and handling of resulting in better and efficient 


use of limited DAP.  The performance of implements that were in poor condition compromised the 


quality of work that is desirable in achieving the primary objectives of tillage during conventional 


ploughing and weed control. 


 


Traction and hitching systems used by farmers did not conform to standard specifications for 


optimum use of energy produced by draught animals and wastes scarce DAP.  Renovated 


implements used with suitable and correct settings and adjustments were easier for operators to 


handle and control.  The hypotheses that renovation and correctly set implements are easy to use and 


control can be accepted.  The common opinion expressed by most plough operators, though 


subjective, testify that renovated ploughs were easier to control and handle. 







 79


5.2 Effect of implement renovation on soil physical characteristics and crop performance 


5.2.1 Introduction 


Comparative tests to determine the effect of repairing implements on soil characteristics as well as 


on maize and cotton yield were conducted over two growing seasons 1999-2000 and 2000-2001 


with the same set of test plots described in Chapter 5.1 


 


Findings from Chapter 5.1 showed that most ploughs used with farmers’ usual settings worked at 


shallower depth than the renovated ploughs.  The quality and uniformity of tillage produced by 


renovated ploughs was also better in terms of the resultant tilth.  Good soil tilth is an important 


factor in seedbed preparation as it allows free movement of air and water and provides a good seed-


soil contact.  Better quality of work was as a result of correct setting, deeper ploughing and stability 


of the renovated plough.  The extent to which unrenovated and renovated ploughs disturbed soil 


varied in the test plots.  Soil physical characteristics such as bulk density, shear strength and 


moisture were expected to vary between plots ploughed before and after renovation and influence 


the performance of crops grown and yields. 


 


5.2.2 Objectives 


The objective of the study was to investigate the effect of renovating ploughs and cultivators on 


three soil physical properties (soil bulk density, soil shear stress and soil moisture) and crop yield. 


 


5.2.3 Hypotheses of study 


a) Renovation of ploughs and cultivators reduces soil shear stress, soil bulk density and 


improves soil moisture content. 


b) The use of renovated ploughs and cultivators improves crop yields. 
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5.2.4 Materials and methods 


Trials plots 


Test plots that were used in this study were the same as the ones used during implement 


performance evaluations and so the marking out and soil sampling followed the same procedure as 


described in Chapter 5.1. 


 


Crop establishment and management 


Maize or cotton were planted in paired plots ploughed before and after renovation, depending on 


which crop each farmers had selected to grow.  Maize and cotton seed varieties planted were SC 


5201 and FQ 902, respectively.  Planting and all subsequent field operations carried out, resource 


allocation and inputs used were the responsibility of the respective households.  Each household was 


given a crop budget data sheet onto which details of planting date, all operations carried out after 


ploughing and resources used were recorded throughout the season until harvest.  A sample of the 


crop budget is shown in Appendix 16. 


 


Monitoring crop growth and soil physical characteristics 


Plant populations in the plots were estimated at emergence by counting plants in the rows.  Counts 


of plants per 2-m length of crop rows were taken at five positions in each plot.  Crop row spacing 


was measured at five positions corresponding to positions where plant counts were taken.  The 


means of plant counts per metre and row spacing were determined and plant populations were 


estimated for the paired plots at each site. 


 


Soil moisture, bulk density and shear strength were taken on monthly intervals after the date of 


ploughing to assess any changes in soil physical characteristics.  Crop height measurements were 
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taken at the same intervals as for soil measurements to monitor and assess crop development.  Crop 


yields from all paired plots were measured at the end of the season and compared. 


 


Data analysis 


Data capturing, coding and analysis procedures were the same as those described in Chapter 5.1.  


Dependent variables of soil bulk density, soil shear stress and soil moisture from the main data set 


were assigned respective independent variables.  Class variables for each dependent variable were 


determined as required by the SAS system and analyses of variance (ANOVA) were carried out for 


the respective dependent variables.  GLMs were used for the ANOVA tests.  One way ANOVA, 


with plot as the independent variable, was run for each of the soil properties to determine how 


implement renovation influenced these parameters.  In order to determine the changes in soil 


properties, the farmer, plot (A or B), depth (150 mm and 300 mm) and the month were the 


independent variables used in the GLM procedures.  For yield and plant height determination, 


farmer and plot were the independent variables used in the models to compare the differences in soil 


physical characteristics in the plots ploughed before and after implement renovation. 


 


5.2.5 Results 


5.2.5.1 Soil physical characteristics 


Four soil textural classes were identified in the various test plots as sandy, loamy sand, sandy loam, 


and sandy clay loam.  Table 5.7 shows soil types mostly found in test plots at two depths and the 


mean reduction in percent sand at 150-300 mm depth compared to percent sand at 0-150 mm depth.  


Texture varied with depth in the majority of test plots.  At 0-150 mm depth, soil textural classes and 


respective number of plots were as follows: loamy sand (42%), sand (28%), sandy loam (21%) and 


sandy clay loam (9%).  At 150-300 mm depth, the number of plots and respective textures were 


loamy sand (46%), sandy loam (28%), sandy clay loam (14%) and sand (12%). 
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Table 5.7:  Predominant soil textural classes in test plots in the different areas at 0-150 mm and 150-300 mm 
depth and reduction of % sand at 150-300 mm depth 


 
 


Study area 
 


Number of test sites 
 


Predominant soil texture 
Mean sand reduction at 
150-300 mm depth (%) 


  0-150 mm depth 150-300 mm depth  
Chedenje 6 sandy loam Sandy clay loam 5 


Gari 10 loamy sand Sandy loam 8 
Mshagashe 9 Sand Loamy sand 4 
Mushandike 4 Sand clay loam Sandy clay loam 5 


Mutangi 12 loamy sand Loamy sand 5 
Nyimai 12 Sand/loamy sand Loamy sand/ sandy loam 6 


 


Soil moisture content and shear stress monitored after ploughing varied with depth at which 


measurements were taken.  However, depth was not significant (P=0.06) in predicting soil bulk 


density. 


 


Figures 5.9 to 5.14 show how soil physical characteristics (bulk density, shear stress and moisture 


content) varied over a three-month period after ploughing in two different soil types, sandy and 


sandy clay loams, in Mshagashe and Chedenje respectively, in the 2000-2001 season.  For each soil 


type the three soil properties were measured at each respective site.  Measurements of soil properties 


at time=0 where taken on undisturbed soil on the test date just before ploughing. 
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Figure 5.9:  Variation in soil bulk density in sandy soil in Mshagashe at 150 mm and 300 mm depths 


(bdA150=bulk density at 150 mm depth, bdB= bulk density at 150 mm depth 
bdB= bulk density at 300 mm depth, bdB= bulk density at 300 mm depth) 
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Figure 5.10:  Variation in soil shear stress in sandy soil in Mshagashe at 150 mm and 300 mm depths 


(ssA150= shear stress at 150 mm depth, ssB= shear stress at 150 mm depth 
ssB= shear stress at 300 mm depth, ssB= shear stress at 300 mm depth) 
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Figure 5.11:  Variation in soil moisture content in sandy soil in Mshagashe at 150 mm and 300 mm depths 


(mcA150= moisture content at 150 mm depth, mcB= moisture content at 150 mm depth 
mcB= moisture content at 300 mm depth, mcB= moisture content at 300 mm depth) 
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Figure 5.12:  Variation in soil bulk density in sandy clay loam soil in Chedenje at 150 mm and 300 mm depths 


(bdA150=bulk density at 150 mm depth, bdB= bulk density at 150 mm depth 
bdB= bulk density at 300 mm depth, bdB= bulk density at 300 mm depth) 
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Figure 5.13:  Variation in soil shear stress in sandy clay loam soil in Chedenje at 150 mm and 300 mm depths 


(ssA150= shear stress at 150 mm depth, ssB= shear stress at 150 mm depth 
ssB= shear stress at 300 mm depth, ssB= shear stress at 300 mm depth) 
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Figure 5.14:  Variation in soil moisture content in sandy clay loam soil in Chedenje at 150 mm and 300 mm 


depths 
(mcA150= moisture content at 150 mm depth, mcB= moisture content at 150 mm depth 
mcB= moisture content at 300 mm depth, mcB= moisture content at 300 mm depth) 


 


The plot, depth of sampling and month were significant (P<0.0001) in estimating soil bulk density, 


shear stress and moisture content.  A one way ANOVA run with plot as the independent variable 


showed that moisture content varied significantly between paired plots (P=0.0002).  There was no 


significant difference (P=0.0912) in bulk density as affected by implement renovation in the paired 


plots, neither was there significant difference in shear stress (P=0.0532).  There was insignificant 


(P=0.1840) difference in bulk density at different depths in paired plots ploughed before and after 


plough renovation.  Significant (P=0.0001 and P=0.0269) differences in shear stress and moisture 


content at different depths were observed in the paired plots, respectively. 
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5.2.5.2 Agronomic measurements 


Crop performance was associated with implement renovation.  Plant heights for maize and cotton 


measured in paired plots showed some difference at each site but the differences were not significant 


(P=0.3527 and P=0.1038) for maize and cotton crops, respectively.  Tables 5.8 and 5.9 summarise 


some agronomic measurements for the two seasons. 


Table 5.8:  Agronomic results from trials 
 


Mean plant populations (103/ha) Mean yields (t/ha)  
Season 


 
N 


 
Crop Plot A Plot B % increase Plot A Plot B % increase 


1999-2000 11 30.4 31.3 3 1.1 0.99 -10 
2000-2001 14 


Maize 
33.4 31.1 -6.9 1.83 2.27 24 


1999-2000 4 25.9 27.4 5.8 0.66 0.60 -9 
2000-2001 4 


Cotton 
30.6 29.4 -4 1.03 1.15 12 


 


 


Table 5.9:  Crop row spacing in trial plots 


Mean crop row spacing (cm)  
Season 


 
n 


 
Crop Plot A Plot B 


1999-2000 11 83 81 
2000-2001 14 


Maize 
77 79 


1999-2000 4 93 92 
2000-2001 4 


Cotton 
82 83 


 


 


5.2.6 Discussion 


Initial soil physical characteristics varied between sites due to different field conditions.  Soil bulk 


density measured after ploughing showed that there was no significant difference in plots ploughed 


before and after renovation even though quality of tilth was better after renovation.  Plough 


renovation resulted in lower soil shear strength and higher soil moisture content retention.  


Variations in bulk density, moisture content and shear stress between sites influenced the 


performance of implements, especially draught that increased as the percent clay increased from 


sandy to sandy clay loam, for example in Mshagashe and Mushandike, respectively. 
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Probably due to the small sample of farmers who were able to achieve reasonable yields, the 


increases in yield for both maize and cotton were not significantly different (P>0.05) before and 


after implement renovation.  Adverse weather conditions experienced in both seasons could have 


had an effect on the results obtained.  Results suggest that the increased ploughing depth achieved 


by the renovated plough disturbed the soil more than the unrenovated plough.  Consequently this 


provided a good environment for crop growth because of better moisture infiltration and retention. 


 


Weeding efficiency increased after plough renovation due to improved penetration resulting in 


better soil inversion and weed burial (Chapter 5.1).  Improved weed burial meant that the hand-


weeding burden would be reduced leaving fields with relatively less weeds and enabling a good 


environment for improved crop growth that would produce better yields. 


 


The large variations in plant population for both maize and cotton indicated that households used 


different seeding rates per unit area.  Placing seed on the furrow bottom using third furrow planting 


(TFP) in plot B, where the plough worked deeper than in plot A, gave germination problems and 


farmers had to gap-fill.  This affected both plant population, crop stand and yields for the 1999-2000 


season. 


 


Row spacing for maize planted using TFP (farmers’ practice) should theoretically be about 600 mm 


since this is determined by the width of cut.  Ploughs with worn out shares would achieve smaller 


furrow slices and crop rows would be closely spaced.  The mean row spacings achieved with TFP 


were more than 600 mm, suggesting that farmer-set ploughs ploughed wide and left unploughed 


portions of furrows as was observed during ploughing before renovation.  Mechanical weeding may 


be difficult for the operator because of the need to frequently adjust width of work as rows made 


using TFP were rarely straight or evenly spaced. 
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Maize germination problems encountered could be overcome by ploughing deep soon after harvest 


followed by shallow ploughing, with the plough correctly adjusted and planting behind the plough in 


spring.  Alternatively, planting furrows could be marked using a plough without the mouldboard or a 


ripper following deep ploughing in spring and then plant. 


 


Results indicate that households used lower plant populations for both maize and cotton.  The wide 


range of row spacing used for both crops showed that row spacings were rarely near recommended 


specifications.  Plant populations were therefore low especially for maize which would result in low 


yields per area planted.  However there is need to balance the soil fertility problems and erratic 


rainfall in these marginal areas with plant population since poorer farmers could not afford fertilisers 


and did not have adequate livestock from where they could obtain kraal manure.  Lower plant 


populations could be used without compromising yields.  It was also noted that the lower 


populations used gave higher yields particularly in plots ploughed after renovating ploughs.  This 


may have been due to renovation of ploughs resulted in deeper ploughing and therefore provided a 


better environment for crop growth as well as the elimination of TFP by opening planting furrows 


after ploughing with renovated ploughs. 


 


Renovation of implements can improve the standard of tillage and tilth that influences soil 


properties which encourage better growth resulting in improved yields.  Plough renovation resulted 


in more soil disturbance due to deeper ploughing and improved soil moisture retention. 


 


The hypotheses that implement renovation improves tillage and crop yields as well as reducing 


shear strength and improves soil moisture content can be accepted.  Renovation did not significantly 


reduce soil bulk density. 
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5.2.7 Conclusion 


Renovation of ploughs produced a better and uniform tilth without significantly reducing bulk 


density but reduced soil shear strength. 


 


Reconditioning and correct setting of implements improved soil conditions resulting in better 


moisture retention and crop growth.  Although results showed no significant differences in crop 


yield between plots ploughed before and after renovation, improved yields were recorded after 


renovation.  Yields were also affected by other factors such as season quality and crop 


establishment. 


 


Deep ploughing followed by opening furrows for maize and cotton planting at the start of the 


ploughing season seemed to be a good option for crop establishment and an alternative to the 


traditional third furrow planting of maize.  It reduced the weeding burden and produced a good 


seedbed for improved plant growth.  Farmers who prefer TFP for maize production can plough 


deeply soon after harvest and then shallow plough and plant behind the plough or rip in spring. 
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CHAPTER 6 


EVALUATION OF BENEFITS OF IMPLEMENT RENOVATION AND EFFECT OF 


FARMER-TRAINING 


6.1 Introduction 
 


Ploughs owned by most smallholder farmers are manufactured locally and have similar technical 


specifications.  The major differences arise from handling and maintenance of implements by the 


owners.  Findings in Chapters 4 and 5 indicate that most ploughs and cultivators were generally 


poorly maintained and incorrectly used.  Farmers continued to use implements with missing and 


worn out parts.  Farmers gained knowledge and skills in implement repair, correct setting and 


operation during the implement performance trials.  The renovation costs were met by the project, 


and farmers were made to appreciate the cost of repair.  They were expected to learn from the trials 


so that they could correctly carry out their own repair and maintenance in future. 


 


This chapter assesses the cost of renovating implements that were evaluated during the field 


performance trials.  It also presents the views of farmers on renovating implements, their attitudes 


and opinions towards implement maintenance, lessons learnt and the benefits of the trials. 


 


6.2 Objectives 


The main objective was to assess the impact of training farmers by demonstrating implement 


renovation and evaluate the benefits and knowledge gained by farmers from the trials.  Specific 


objectives were: 


a) To determine the costs of repairing ploughs and cultivators owned by trained households. 


b) To assess the condition of ploughs and cultivators that had been renovated after two seasons of 


trials. 
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c) To quantify repairs done by participating households on their own after the implements were 


renovated and estimate cost of repairs. 


d) To evaluate the benefit of renovating implements in terms of knowledge and skills gained for 


implement operation, repair and maintenance. 


e) To establish if households still had any technical constraints with regard to operation, repair and 


maintenance of implements following training. 


 


6.3 Materials and methods 


Ploughs and cultivators were inspected and their technical specifications were recorded according to 


the procedure described in Chapter 4.  Defects, faults, missing parts, deformations and modifications 


to implements were noted.  Every farmer was made aware of the defects and wear on their 


respective implements as well as the likely causes of problems.  Explanations on remedial action 


through correct implement repair, setting and operation were provided to respective farmers during 


the implement performance trials at each test site (Chapter 5.1). 


 


The implements were renovated by replacing worn out parts, repairing deformed parts and replacing 


missing components.  The total cost of new parts fitted on each implement was recorded then 


compared with the cost of a new implement as well as the Grain Marketing Board producer price for 


a tonne of maize at the time of renovation.  An overall cost of renovating implements during each 


season was determined.  Renovation costs were compared between sex of heads of households, age 


of implements and farmer resource categories.  The benefit of renovating implements was measured 


in terms of farmers’ opinions on quality of tillage, crop performance and knowledge gained for 


implement operation and repair.  The price of a tonne of maize and the cost of a new plough were 


monitored so as to make a simple comparison between the two variables.  This served the purpose to 


show the value of maize as a staple food as well as a source of income from where farmers got cash 
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for implements and spares.  End of season evaluations were conducted with the respective groups 


and farmers expressed their opinions on the trials in terms of quality of tillage and crop 


performance. 


 


The impact of training of farmers through the demonstration of implement renovation and operation 


was evaluated by conducting a survey of households who had participated in the trials.  A 


questionnaire (Appendix 17), designed in SNAP (Mercator, 1998) was administered to 50 out of the 


targeted 53 participating households, in the study areas, in August 2002.  The evaluation exercise 


was conducted 14 months after the implement performance tests had been completed.  An 


assessment of the conditions of renovated implements was made as well as assessing the application 


of knowledge gained by households from the trials on implement use, repair and maintenance.  The 


analysis of survey data was done using SNAP as described in Chapter 4. 


 


6.4 Results 


6.4.1 Cost of renovating implements 
 
Tables 6.1 to 6.3 present information on cost of repairing ploughs based on household numbers, 


resource groups, sex of head of household and age of ploughs, respectively. 


 


Table 6.1:  Cost of renovating ploughs during implement performance trials 


Mean cost of repair Season Sample(N) Mean age of 
ploughs Cost of repair 


(Z$) 
Repair cost as 


% of a new 
plough 


Repair cost as 
% of a tonne of 


maize 
Spring 1999 16 19 753 30 18 
Winter 2000 7 24 1211 45 22 
Spring 2000 18 24 1213 40 22 
Winter 2001 12 28 2094 52 28 


Mean 13 24 1318 42 23 
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Table 6.2:  Cost of renovating ploughs by farmer resource group 


% cost of a new plough 
RG1 RG2 RG3 
32 41 54 


 


Table 6.3:  Cost of renovating ploughs by age of ploughs 


Repair cost as % of a new plough 
Age of ploughs (years) 


<6 6-10 11-20 >20 
31 35 43 45 


 


Table 6.4 shows plough repair costs for the 1999-2000 and 2000-2001 spring season trials by site 


and resource group and Figures 6.1 and 6.2 illustrate the cost of repair based on age of ploughs for 


the two seasons. 


 


The mean cost of renovating cultivators was Z$531.  A new cultivator cost about Z$5000 at the start 


of the 2000-2001 season.  The BS221 cultivator cost slightly more than the BS41 by about Z$300 to 


Z$500. 


 


Table 6.4:  Cost of renovating ploughs by site and farmer resource group 
 


Cost in Z$  
Season 


 
Site RG1 RG2 RG3 Site average 


1999-2000 Chedenje 422 94 1378 631 
 Gari  819 430 249 499 
 Mushagashe  1412 - 1220 1316 
 Mushandike 771 407 - 589 
 Mutangi 794 782 1051 876 
 Nyimai 344 627 841 604 
 Mean/RG 760 468 948 753 
2000-2001 Chedenje 694 839 1281 938 
 Gari CA 2045 1218 1795 1686 
 Mushagashe 238 380 503 374 
 Mushandike 886 734 918 846 
 Mutangi 1286 734 2043 1354 
 Nyimai CA 1543 2045 2032 1873 
 Mean/RG 1115 992 1429 1179 
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Figure 6.1:  Mean cost of repairing ploughs at the start of the 1999-2000 season 
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Figure 6.2:  Mean cost of repairing ploughs at the start of the 2000-2001 season 


 


6.4.2 Cost of implement spares and their supply system 


Table 6.5 shows the cost of ploughs, cultivators and plough spare parts over the two seasons of 


trials. 
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Table 6.5:  Cost of implements and spares between November 1999 and November 2001 
 


Retail cost in Z$ Implement/part 
Nov 1999 May 2000 Nov 2000 May 2001 Nov 2001 


Share 94 147 153 229 422 
Landside 110 160 155 268 562 
Mouldboard 410 510 598 842 1830 
Frog 288 329 418 554 1250 
Drawbar 295 305 409 505 1100 
Regulator (hake) 167 206 205 255 550 
Adjustable bar holder 95 95 115 150 320 
U-clamp assembly 75 75. 105 105 225 
Wheel axle 17 30 48 50 116 
Wheel 95 106 160 183 240 
Wheel arms 103 131 166 220 514 
King bolt 12 21 23 26 40 
Complete plough 2500 2700 3000 4000 9000 
Complete cultivator (BS 41) 3000 4000 5000 6000 13000 


 


Implement spares were sourced from local general dealers/shops, large hardware shops and 


wholesalers in Masvingo and at Chivi and Ngundu rural business centers.  The cost of a new plough 


and the price of a tonne of maize were compared over the study period.  There was a very high 


correlation (r = 0.99) between the two variables as shown in Figure 6.3. 
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Figure 6.3:  Relationship between cost of a new plough and a tonne of maize 
 


Households gained knowledge in correct implement setting, adjustments, and functions of the 


different assemblies of the plough and cultivator.  The opinions of farmers during end of season 


evaluations on the effect of implement renovation are summarised in Table 6.6. 
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Table 6.6:  Farmers' opinions on plough renovation 
 


Advantages Disadvantages 
Tillage Crop Tillage Crop 


Better and more uniform soil 
inversion/weed burial 


Better establishment and stand Less amenable to TFP Poorer 
emergence/germination 


Deeper and wider furrows Less wilting during the 
drought spells 


Higher draught forces More gap filling 


Increased moisture retention Stronger and healthier plants   
Less weed growth Faster growth   
Easier plough handling and 
control 


Bigger cobs and better yield   


 


6.4.3 Repairs carried out by farmers 


A survey was carried out to assess the conditions of implements that had been renovated during tests 


conducted between November 1999 and July 2001.  The survey revealed that the majority of 


households had carried out various repairs on implements.  Five out of the fifty households had not 


made any replacements on their ploughs.  No replacements were made on cultivators.  Table 6.7 


shows the maximum and average number of times each plough part had been replaced by farmers on 


their own after the project had terminated. 


 


Table 6.7:  The maximum and average number of times plough parts were replaced by farmers 
 


Parts replaced  per season (maximum/average number of replacements) 
Summer year 1 Winter year 1 Summer year 2 Winter year 2 Overall 
Share (6/3) Share (4/2) Share (5/2) Share (4/2) Share (6/2) 
Wheel (3/2) Landside (2/1) Wheel (3/1) Wheel arms (2/2) Wheel (3/1) 
Landside (3/1) Wheel (1/1) Landside (2/1) Wheel (1/1) Landside (3/1) 
Axle (2/1) Axle (1/1) Axle (1/1) Axle (1/1) Axle (2/1) 
Wheel arms (2/1) Wheel arms (1/1) Mouldboard (1/1) Landside (1/1) Wheel arms (2/1) 
U-clamp (1/1)  U-clamp (1/1)  Mouldboard (1/1) 
  Left handle (1/1)  U-clamp (1/1) 
  Frog (1/1)  Left handle (1/1) 
    King bolt (1/1) 
    Frog (1/1) 


 


Shares, landsides, wheels, axles and wheel arms were frequently replaced and no repairs or 


replacements had been made to drawbar hitch assemblies, beams and handles.  Parts that households 


rarely replaced included mouldboards, frogs, u-clamps, handles and king bolts.  The cost of 


repairing ploughs ranged from Z$250 to Z$5760 with a mean repair cost of Z$1822. 
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6.4.4 Implement parts missing from ploughs since initial repairs 


Implement inspections conducted revealed that some ploughs already had parts removed or missing 


since initial renovation.  During the survey, 51% of the households had ploughs with at least one 


component removed/missing.  Plough body, hitch and wheel assembly parts were found missing or 


removed on several ploughs.  No parts were found missing on cultivators.  Table 6.8 shows the 


number of missing plough parts. 


Table 6.8:  Number of missing plough parts 
 


Missing part Number of ploughs (%) 
Stay beams 29 
Set screw 20 
Handle grips 12 
Share 10 
Wheel 10 
Drawbar 10 
Hake (regulator) 10 
Axle 10 
Wheel arms 8 
Loose king bolt/other bolts 6 
Mouldboard 2 
Regulator bar holder 2 
Brace 2 
Right handle 2 


 


6.4.5 Condition of implements 


In general, the condition of ploughs had deteriorated compared to their condition after being 


renovated.  Although the condition had deteriorated, they were at least better than before the initial 


repairs. 


 


Before initial implement renovations, most ploughs were in poor condition.  After almost two 


seasons of use since trials began, farmers had at least carried out their own repairs and maintenance 


on implements.  Ploughs were in different conditions with the majority being average.  This is 


illustrated in Figure 6.4.  The condition of some of the ploughs that were inspected during the 


assessment survey is shown in Appendix 16. 
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Figure 6.4:  Condition of ploughs at two different stages 
Stage 1 = before initial renovation; stage 2 = 1 to 2 seasons after renovation 


 


6.4.6 Parts needed by households to repair ploughs 


Households inspected their implements to identify missing and worn parts that needed replacement 


or defects that needed repair.  Spare parts that were mostly required to repair ploughs were confined 


to plough body and wheel/arms assemblies.  Parts that were needed most by households included 


soil-engaging parts that usually wore out quicker as observed during implement tests.  Households 


that needed to replace drawbar assemblies were 10% as compared to 70% before initial renovations.  


Farmers still continued to use ploughs with seriously worn out parts.  Figure 6.5 below shows the 


number of households requiring respective spares for their ploughs. 
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Figure 6.5:  Number of households and respective plough spares required 
 


6.4.7 Problems encountered by households while using implements 


Households indicated problems they were experiencing with implements and their responses are 


summarised in Table 6.9. 


Table 6.9:  Problems experienced by households in using the plough 
 


Types of problems Number of households (%) Remarks on problems 
No problems 34 Farmers had gained skills 
Expensive spares 20 Escalating costs 
No reply 16  
Broken set screw 16 Poor quality of manufacture 
Broken handle bar or brace 8 Farmers mishandling ploughs 
Weak shares and wheels 6 Poor quality of shares.  Wheel was being used for setting 


ploughing depth.  More training needed. 
Plough adjustment 4 Need for training 
Difficult to control 4 Need for training, worn/missing parts 
Shortage of DAP 4 Lack of access to resources, e.g. finance 
Deformed frog 2 Stoney/stumpy field/sub-standard repairs 
Plough not penetrating 2 No pitch and land suction or plough not properly set/factory defect
Broken stay 2 Mishandling of ploughs 
Landside not compatible 2 Farmers own old plough/manufacturers need to be aware 
Lack of spanners  2 Farmers need a set of good tools 
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6.4.8 Knowledge of households on implement setting and operation 


Sixty-two percent of households sample now knew how to control the depth of ploughing using the 


adjusting bar on the regulator but the rest still used the wheel for depth control.  About 87% of 


households correctly used the hake regulator to control width of ploughing and the remainder did 


not know how to regulate ploughing width correctly.  One of the farmers used the wheel to control 


weeding depth on the cultivator and the other farmer was unsure.  The adjusting lever was used for 


regulating width of work on the cultivator. 


 


The knowledge of households on the function of the plough wheel was tested and different 


responses were given.  Table 6.10 summarises what households thought was the main purpose of the 


wheel. 


Table 6.10:  Knowledge of households on the purpose of the wheel on the plough 
 


Households’ knowledge on the purpose of the plough wheel Number of households (%) Remarks 
Stabilising the plough  36 Farmers gained knowledge 
Depth control 36 Farmers did not gain knowledge 
Other (reduce load-10, guide plough-2, better control-2) 24 Very little knowledge gained 
Do not know 2 Need for training 
No answer 2 Need for training 


 


6.4.9 Lessons learnt by households on implement operation 


Implement testing procedures used during the trials was one way of demonstrating how to repair, 


correctly set and use ploughs and cultivators.  In order to have some idea of knowledge and skills 


gained in implement operation, households were asked to indicate what they had learnt from the 


trials.  Responses from the different households on lessons learnt on plough operation are given in 


Table 6.11.  Households that had conducted mechanical weeding tests indicated that they had learnt 


how to adjust and set tynes as well as repair and maintenance of cultivators. 
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Table 6.11:  Lessons learnt on plough operation 
 


Lessons learnt by households Number of households (%) 
Correct plough setting and use 42 
Moisture conservation 32 
Deep ploughing 24 
Function of hitch assembly 20 
No reply 20 
Timely repair and maintenance 18 
Easiness of implement control and handling  18 
Improved yield 6 
Uniform and good ploughing 6 
Correct chain length 4 
Winter ploughing 2 
Less implement breakages 2 
Less weeding 2 
Estimating animal live weights 2 
Use of correct tools 2 


 


6.4.10 Topics on implements for which farmer-training was needed 


Responses from households showed that very few of them (8%) were still in need of training related 


to plough and cultivator operation.  The majority of them indicated that they had been adequately 


trained and did not need further training on implement use.  Table 6.12 shows the topics on which 


households needed training. 


 


Table 6.12:  Topics on which households needed training 
 


Topic Number of households (%) 
No training required 42 
No reply 22 
Plough setting and adjusting 8 
Proper use of cultivator 8 
Plough parts and their functions 6 
Operation of ox-drawn planter 4 
Wear limits of parts 2 
Depth of planting for different crops 2 
Constructing ridges 2 
Time of planting 2 


 


6.4.11 Member of the household responsible for repairing implements 


In response to the question, “Which member of your household is responsible for repairing 


implements?”, it was found that the father, usually the head of household, was responsible for 
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repairing implements.  Other members responsible for implement repair were sons, mother, uncles 


and male worker in that order.  Figure 6.6 shows household members responsible for maintaining 


implements according to the responses of different households. 
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Figure 6.6:  Member of household responsible for repairing implements 
 


 


6.5 Discussion 


The trials were used as a tool for training farmers by demonstrating the following: 


How to inspect implements for worn out parts; how to carry out implement repairs; how to maintain 


implements properly; how to set and use the implements correctly; the functions and importance of 


plough parts especially drawbar hitch assemblies and stays that were usually removed. 


 


Although most farmers gained knowledge in correct implement setting and use, a considerable 


number of farmers were still adjusting depth of ploughing using the wheel and would incur cost of 


frequent wheel replacement as a result of improper use.  There still remained a training need for 


some farmers to grasp knowledge on the correct function of the wheel and basic plough setting 


principles.  Correct use of the plough would reduce the frequency and cost of replacing parts.  For 


example, under normal working conditions in sandy soils, a wheel is expected to be replaced after 
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ploughing about 10 ha (IAE, 1986b).  This translates to about 3 years of use since smallholder 


farmers crop an average of about 3 ha.  Thus, instead of replacing the wheel and axle once or twice 


every ploughing season, replacement can be done once in three years if the plough was used 


correctly.  This can be a big saving for poorer farmers considering the escalating cost of spares. 


 


From the trials, the mean cost of repairing ploughs and cultivators compared to the cost of a new 


plough and cultivator was 42% and 10%, respectively.  It is expected that the repair cost can be 


reduced with regular maintenance and proper use and handling as not all assemblies will require 


replacing every season. 


 


The average cost of repairing a plough at the start of the 2000-2001 season was Z$1179.  A maize 


yield increase of 0.44 t/ha (24%) was equivalent to Z$2420/ha, since a tonne of maize cost Z$5500 


at the start of the second season.  To break even, one had to plant only 0.5 ha i.e. 


(Z$1179/Z$2420/ha) in order to produce a crop with a value to meet the cost of repairing a plough.  


The benefit of repairing a plough in terms of yield/ha was double the cost of repairing it at the 


beginning of the second season.  Therefore the basic economics provides a convincing case that 


justifies implement repair.  Since the cost of a plough was highly correlated to the price of a tonne of 


maize, any increase in the producer price of maize by the GMB would push up prices of implements 


and spares and vice versa. 


 


Households indicated that renovated ploughs improved the quality of work, weed burial and reduced 


weeding burden through deeper ploughing.  Knowledge and skills on implement repair and 


maintenance gained from the trials helped to reduce breakages, resulting in reduced repair costs. 
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Although farmers had gained knowledge in correct implement use and maintenance, affordability of 


spares and poor access to spares were some of the constraints that farmers were facing.  Local shops 


stocked limited quantities of implement spares that were often more expensive than those from more 


reliable hardware shops at Ngundu, Chivi and Masvingo City.  The increasing cost of spares 


inhibited proper maintenance of ploughs as expressed by 20% of farmers.  Alternative sources of 


spares can be created by empowering rural blacksmiths who can provide easily accessible and 


affordable repair and manufacturing services to farmers. 


 


Up to an average of 60% of farmers had not replaced worn out parts such as shares, landsides and 


wheels mainly due high cost of spares and other constraints mentioned above.  When this evaluation 


was conducted, a year after the last set of renovations were done in June 2001, the cost of spares had 


more than trebled.  Poorer farmers with low income were worst affected and could not adequately 


maintain their ploughs. 


 


The frequency of replacing soil-engaging parts was consistent with observations made during 


implement performance tests.  Shares and landsides required frequent replacement especially while 


working in abrasive soils with high percent sand as in the case with the majority of soils found in the 


study areas.  Removal of parts on about half of the sampled ploughs indicated that some households 


still lacked repair and maintenance skills or the means to repair implements.  The survey revealed 


that the condition of implements had deteriorated after renovations had been done during implement 


performance trials. 


 


The problem with the hitch assembly was persistent due to the poor quality in the manufacture of the 


set-screw on the adjusting bar holder.  Few farmers had removed drawbars after experiencing 


problems with the set-screw on the adjustable bar holder or were using wires to keep the drawbar in 
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place.  The set-screw presented problems such as breaking while being tightened and wearing out of 


the screw thread.  When a problem occurs, the whole unit, comprising the adjusting bar holder with 


set-screw, has to be bought as the set-screw cannot be bought as a separate spare part.  It is 


recommended that the set-screw be available as a spare part from the manufacturer.  Alternatively, 


the manufacturers need to produce a better quality adjusting bar holder and set-screw with an 


improved thread and strength. 


 


The problem with the set-screw is found on the Zimplow Mealie Brand standard plough but not on 


the Silver Medal plough or the Haka plough made by Hästt Zimbabwe.  The problems with the 


Mealie Brand plough hitch assembly could be overcome by modifying it to avoid the use of 


spanners.  A simple and firm set of width and depth clevice attachments fitted on a modified 


hitching system at the front tip of the plough beam would suffice.  The Silver Medal and Haka 


ploughs have modified but different hitch assemblies which eliminate the problem found on the 


standard Mealie Brand plough. 


 


Other problems cited by farmers were poor quality of spares on the market, escalating cost of spares, 


lack of spanners and shortage of DAP.  There was a problem with landsides whose length was not 


compatible with the frog design on older ploughs.  Households had to cut off front tips of landsides 


for them to fit properly.  It is recommended that manufactures reconsider the design of landsides and 


if possible, they could make landsides that are compatible with the old frog design.  It is highly 


unlikely that farmers who own old ploughs would invest in a new plough or frog considering the 


current prohibitive costs of equipment and spares. 


Implement repair was predominantly regarded a men’s task.  There were very few cases where 


women were responsible for carrying out repair works.  Results showed that very few women had 


the capacity to repair implements even though they were involved in most farm activities.  Women 
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need to acquire skills for basic repair and maintenance so that they can trouble-shoot and rectify 


some problems to prevent serious ones from occurring. 


 


There was need for more practical training through demonstrations in implement operation, repair 


and maintenance for some households.  A reliable and affordable implement and spares supply 


system was required for households to benefit from the acquired knowledge and skills. 


 


Although farmers had acquired some knowledge and skills in setting, operating and repair of 


implements, more than a third of the implements were in poor condition with some in worse 


condition than before the trials.  One major constraint was the high cost of spares which affected the 


resource-poor farmers most.  Some of the benefits of the trials from the farmers’ view point included 


improved tillage, better moisture retention, improved yield, better implement control and handling.   


 


 


6.6 Conclusion 


The trials demonstrated that farmers could realise benefits from implement renovation in terms of 


improved quality of tillage, reduced weeding burden, and improved crop yield despite the high cost 


of renovation. 


 


Although most farmers had acquired knowledge and skills from the trials, some still lacked adequate 


skills in correct implement setting and operation.  Resource-poor farmers could not adequately 


maintain implements due to poor access to spares and the high cost of spares.  Results seem to 


suggest that farmers valued the practical training received through the trials as indicated by the 


positive comments on lessons learnt as well as the number of farmers who had been adequately 


trained and were not having problems with using implements. 
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From a training point of view, farmers were equipped with some practical knowledge in implement 


setting, operation and maintenance which they can use in their farming activities.  However, the cost 


and availability of parts is likely to remain a major constraint especially for poorer households.  


Escalating cost of spares is likely to impact negatively on efforts made in this study to demonstrate 


implement renovation.  A reliable and affordable implement and spares supply system is necessary 


for smallholder farmers to benefit from the acquired knowledge and skills in implement operation, 


repair and maintenance. 


 


There is need for practical training that incorporates field demonstrations in implement operation, 


repair and maintenance.  Emphasis should be placed on correct implement setting for farmers to 


fully appreciate how implements function.  Effective farmer training on the use of DAP technology 


requires adequately trained and competent extension staff with the ability to practically demonstrate 


techniques. 


 


The poor quality of manufacture and weak materials used in the manufacture of ploughshares, and 


hitch assembly components posed problems for which solutions need to be developed by 


manufacturers and researchers. 
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CHAPTER 7 


GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 


 


7.1 General discussion 
 
This study was undertaken as part of a broader project framework with a goal to improve the 


performance of livestock (including draught animals) in crop-livestock production systems.  The 


focus was on evaluating the utilisation of DAP at smallholder level in crop production systems in 


semi-arid areas so as to identify options in management and utilisation of available resources. 


 


Results from this study provided information on capital resource base of smallholder farmers, 


attitudes and problems in using DAP and animal-drawn implements, constraints in use and 


maintenance of implements, typical condition of farmers’ ploughs and cultivators, typical costs of 


renovating ploughs and cultivators, effect of plough condition on field performance and soil 


physical characteristics, operator comfort, benefits of implement renovation, problems due to 


manufacture of implements and spares, limitations in training and extension on DAP technology 


utilisation and differences between resource groups with respect to the preceding characteristics. 


 


Household capital was related to physical assets to which the different resource category of farmers 


had access.  Poorer households were more constrained as they were most seriously affected by lack 


of finance, shortage of DAP, poor access to implements and labour. 


 


The plough was the most important implement owned by almost all smallholder farmers and 


cultivators were owned by well-resourced households only.  However, up to 60% of implements 


were poorly maintained with poorer households owning older and in worse condition than better-


resourced farmers.  Due to lack of knowledge and financial resources, farmers continued to use 
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implements with seriously worn out parts.  The poor condition of implements was attributable to old 


age of implements, high cost of spares, lack of technical training in implement use and poor access 


to spares. 


 


The trials provided an estimate of the cost of keeping ploughs and cultivators in reasonable 


condition and demonstrated that the outlay would be recovered through improved yield.  The 


advantages of plough renovation were reported by farmers to clearly outweigh the disadvantages.  


The improved yield was the outcome of correct implement setting and deeper ploughing which 


resulted in improved quality of tillage. 


 


The implement performance tests demonstrated how available draught energy could be best used to 


improve crop productivity.  Correct setting and use of implements reduces unnecessary wear on 


parts such as the wheel and arms assembly.  Wearing parts can last longer and fewer breakages are 


likely to occur, thus reducing replacement costs.  Other advantages, not easily expressed in 


economic terms, were less stressful, longer working hours and physically demanding working 


condition and better control of draught animals and implements.  Although subjective information 


indicated that operators were less stressed, as ploughs became easier to handle and control while 


quality of ploughing improved, this needed to be substantiated with objective data using a larger 


sample. 


 


The value of proper implement maintenance and setting in achieving improved returns from the use 


of DAP for land preparation were demonstrated.  It therefore meant that if the limited available DAP 


was correctly used, the performance of the crop/livestock systems would improve. 
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Farmers expressed concern on the quality of manufacture and strength of implement and spares 


parts such as drawbars, set screws on the adjustable bar holders, shares, landsides and u-clamp 


assemblies.  If the quality and durability of implements and spares were improved, then smallholder 


farmers would reduce expenditure on repair and maintenance.  Downtime can also be reduced. 


 


Although the different study sites provided a broad range of socio-economic and biophysical 


conditions, timing of some field operations needed to fit in a small space of time that was available 


under varying weather and field conditions.  This was not always possible as some sites were 


inaccessible especially during the wet season hindering constant monitoring of trials.  Trials were 


conducted in two consecutive seasons that were not normal in terms of rainfall distribution due to 


meteorological events.  The first season was very wet due to Cyclone Eline, resulting in water-


logging of some plots.  The second season had a long midseason dry spell that affected crop growth. 


 


Owing to the scope of the study, it was not possible to establish whether draught teams could sustain 


the increase in load during ploughing in a typical 6-hour day.  A fatigue scoring system could have 


been used to determine the work load on draught animals by measuring respiration, heart rate and 


rectal temperatures.  It would have been ideal to use recommended harnessing systems with draught 


teams that had donkeys but animals and operators would require to be trained first for them to get 


acquainted to a new harnessing system. 


 


The study however managed to investigate various factors associated with the operation, repair and 


maintenance of animal-drawn ploughs and cultivators and it quantified the potential benefits of 


effective utilisation of DAP for improved crop productivity. 
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Depending on how farmers access resources, DAP utilisation can be enhanced by improving 


implement condition and harnessing systems as starting points.  Despite limitations in funding, 


project duration, difficulties caused by meteorological events and logistical constraints, the study 


demonstrated the value of implement renovation, correct implement setting, operation, repair and 


maintenance in achieving better return from the use of DAP in crop production systems at 


smallholder level.  Options on improving the other components of the DAP tillage system need to be 


developed and integrated in order to ensure that gaps that were identified during the study are 


reduced so as to alleviate poverty and ensure food security. 


 


 


7.2 Conclusions 


Some of the major constraints to effectively utilise DAP at smallholder farmers include use of old 


and poorly maintained implements, increasing cost of implements and spares, poor access to 


implements and spares, poor harnessing systems (particularly where draught teams include 


donkeys), shortage of DAP and lack of knowledge and skills in correct operation, repair and 


maintenance of implements. 


 


The study demonstrated the value of implement renovation, correct implement setting, operation, 


repair and maintenance in achieving better return from the use of DAP in crop production systems at 


smallholder level.  Although implement renovation is costly, the expenditure can be recovered from 


yield gains.  The advantages of implement renovation clearly out-weighed the disadvantages.  


Quality of tillage, moisture retention, weeding efficiency, specific draught, crop stand and yields 


improved with implement renovation.  Though subjective, farmers’ opinions indicated that 


implements were easier to control and handle after renovation and correct setting. 
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Training in the correct use, repair and maintenance of implements improved the farmers’ knowledge 


and skills, thereby enhancing the use of DAP by smallholder farmers.  Resource-poor farmers, 


however, were financially constrained to adequately maintain implements in good condition.  


Therefore training needs to be complemented with appropriate, reliable and affordable implement 


and spares supply systems to improve access to equipment.  Rural blacksmiths can be trained to 


empower them to provide alternative and affordable repair services to farmers. 


 


Results from the trials showed that it was correctly hypothesised that renovated ploughs and 


cultivators produce better field efficiency, better field capacity, improve weeding efficiency, 


improve both tillage and crop yields than implements that are not renovated.  The hypothesis that 


training improves farmers’ attitudes and skills in correct implement setting, use, repair and 


maintenance can also be accepted. 


 


 


7.3 Recommendations 


A number of gaps in the utilisation of DAP technology in cropping systems at smallholder level 


were identified during the study.  The following recommendations are being made for improving 


DAP tillage systems: 


1. Suggested improvements to draught animal systems are: 


� Implement operators 


Training of farmers in DAP technology utilisation remains a high priority to increasing both 


livestock and crop productivity.  Training is required in the following areas: 


a) Selection, training and management of draught animals 
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b) Basic principles and techniques for ploughing and weeding with draught animals.  The use of the 


plough as a weeding implement needs to be encouraged to save labour for farmers without 


cultivators.  It can be an appropriate method since most farmers have access to a plough. 


c) Manufacture and use of correct and appropriate harnessing systems for donkeys 


d) Making of neck yokes that conform to recommended specifications for ploughing, cultivating 


and carting operations.  Multi-purpose yokes, i.e. with skeis centres for both ploughing and carting 


specification can be used 


e) Correct setting, operation, repair and maintenance of implements.  Training should emphasise on 


the correct functions of implement assemblies and parts. 


Better knowledge on the correct functions of implement parts may lead to an awareness of the 


importance of parts that are usually removed by farmers.  Operation of implements must be regarded 


as a technical skill that has to be acquired and applied systematically, rather than being viewed as 


just another household task. 


 


� Implements 


Implements should be kept in good condition and for them to function properly, they require regular 


and seasonal maintenance.  Operators need to inspect implements, replace worn parts and repair 


faults timely.  It is recommended to clean and store implements under a shed after use.  Farmers can 


avoid delays if repairs have to be done in the field by keeping essential spares.  Smallholder farmers 


require appropriate, reliable and affordable implement and spares supply mechanisms at rural 


service centers nearer to them.  Options for crop establishment such as the use of conservation 


tillage techniques that reduce draught demand and labour, increase soil and moisture conservation, 


improve yields should be disseminated to smallholder farmers. 
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� Harnessing and traction systems 


Double neck yokes are inappropriate for donkeys, but suitable for cattle.  Therefore they should not 


be used to harness donkeys.  There is need to enforce laws that prohibit the yoking of donkeys 


through public awareness by law enforcement and agricultural extension agencies.  Breast band and 


collar harnesses are types of donkey harnesses that can be promoted for use by farmers who own 


donkeys.  Spanning a donkey and a cow/ox should be avoided and if farmers have to use cattle and 


donkeys in a draught team, spans must be either cattle or donkeys only and it is recommended to 


appropriately harness donkeys and put them in front of cattle. 


 


The centre distance of skeis for the yoke nearest to the implement (i.e. the rear yoke if two or more 


spans are used) must be short as possible allowing animals to be close to each other depending on 


how fat the animals are and how long their horns are.  This ensures that the plough is close to the 


last furrow and does not leave “banks” during ploughing.  However, animals must be comfortable 


and must not rub against each other.  The length of trek chain should be adjustable to suit size of 


animals and soil conditions.  Depending on how the plough should work, the adjustable hitch allows 


the position of the trek chain to be changed but maintaining the line of pull to point to the centre of 


resistance of the plough. 


 


� Draught animals 


Draught animals should be carefully selected, trained and kept healthy and fit for draught work.  


Depending on availability of resources, animal nutrition may be improved through adequate and 


strategic supplementary feeding to improve and maintain body condition.  Carbohydrates (cereals), 


fats (oilseeds), proteins (legumes), minerals and vitamins are some of the nutritive requirements for 


draught animals (IAE, 1986a).  Recommended vaccinations, dosing and dipping schedules should be 


maintained to keep animals in good health.  Animals that are regularly subjected to draught work 
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after being trained become used to work.  Draught animals can be kept fit by giving them other tasks 


such as threshing, water-lifting as a way of reducing idle days in the year.  Trained draught animals 


can respond to commands and are easy to control.  It is then possible to reduce the number of people 


working with draught animals in order to use limited labour more efficiently.  Efforts to alleviate the 


DAP shortage problem may focus on restocking to re-build the national herd.  Programmes that 


facilitate farmers to access heifers need to be supported and expanded to reach as many needy 


households as possible. 


 


� Soil condition 


Ploughing and weeding operations are best carried out when soil conditions are moist, soft and 


friable for better penetration and reduced draught.  Farmers with access to DAP need to utilise 


animals properly by correctly timing tillage operations when conditions permit.  Winter/autumn 


ploughing, at harvest, has a number of advantages for soil, water, weed and nutrient management as 


well as utilising draught energy when animals are in good condition.  Deep ploughing reduces 


runoff, controls weeds, improves moisture retention and increases crop yields. 


 


2. Training of agricultural extension staff in the use of DAP and animal-drawn implements is 


necessary so that the farm machinery component in the Master Framer Training programme is given 


priority as farm machinery use is a major component of cropping systems. 


 


3. Rural blacksmiths require a practical oriented training programme that would assist in 


upgrading their technical skills to improve their service, workmanship and quality of repairs as well 


as the manufacture of spares that conform to standard specifications.  They also need access to 


finance so that they can procure the correct materials and be able to upgrade workshop equipment 
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and tools.  Blacksmiths can be empowered if their access to or ownership of workshop tools and raw 


materials is improved. 


 


4. Local manufacturers of animal-drawn implements need to respond to the needs and 


suggestions from farmers in order to improve the quality, strength and durability of implements and 


spares.  During the course of this study, farmers raised concerns on the poor strength of materials 


used in the manufacture of shares, mouldboards, u-clamps and adjusting bar holders with set screws 


on hitch assemblies for the Mealie Brand VS standard single-furrow ploughs.  The current design 


and quality of the hitch assembly requires to be improved by the manufacturer as this is one of the 


sources of problems associated with the removal of drawbars from ploughs.  There is need to 


improve linkages between researchers, farmers, extension staff, manufacturers and retailers so that 


important aspects in the use of DAP technology are shared between these stakeholders. 


 


5. National rural and agricultural development policies and programmes need to address the 


problem of DAP shortage.  Households in the poor and very poor resource categories, who 


constituted about 30% of households in this study require more attention and support as they are 


most affected by lack of access to DAP, implements and spares. 


 


6. National mechanisation policy and strategy are needed to address the problems surrounding 


the access to and use of DAP technology as the majority of smallholder farmers rely on animal 


draught for farm operations.  With the current economic hardships prevailing, the use of DAP will 


remain the main and most reliable option for mechanising smallholder farming activities.  There is 


therefore need to prioritise DAP technology utilisation at policy level so as to improve agricultural 


productivity and reduce poverty. 
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� Suggested future work on DAP technology 


Further work on DAP technology is suggested in the following areas: 


a) There is need to ascertain if the size of draught animals owned by smallholders can sustain a 


typical working day pulling a renovated plough. 


b) A collaborative research approach in solving some of the technical problems associated with the 


design and manufacture of plough parts such as the hitch assembly on the Mealie Brand plough. 


c) Dissemination of improved draught animal harnessing systems to smallholder farmers. 


d) Implement operator heart rate measurements may need to be done using a larger sample and 


working at different depths to obtain more information.  A full ergonomic study is necessary to 


obtain a good picture of the interaction of the components of a draught animal tillage system. 


e) Tests on implements working at different depths, different speeds in different soil types can be 


conducted to obtain information on the relationships between depth of cut, speed of operation 


and soil types in order to formulate training guidelines for extension staff and farmers. 


f) The production of implement operating and maintenance instructions for both extension staff 


and farmers to cover the common implements owned by farmers may be necessary.  Information 


can be presented in the form of fact sheets for extension staff, while guidelines or manuals in 


vernacular, with more illustrations than for extension staff could be developed for farmers. 


g) Manufacturers need to be made aware of the need for them to provide operators manuals for all 


implements that are on the market. 





		7.3Recommendations

		Suggested future work on DAP technology
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APPENDICES 
 


APPENDIX 1:  Natural regions and farming areas map of Zimbabwe 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 


NR Description of farming system 
I Specialised and diversified farming region:  Rainfall is high (more than 1000 mm per annum in areas lying below 1700 m altitude and more than 900 mm per 


annum at greater altitudes) normally with some precipitation throughout the year.  Temperatures are normally comparatively low and the rainfall is 
consequently highly effective enabling afforestation, fruit and intensive livestock production to be practised.  In frost-free areas, plantation crops such as tea, 
coffee and macadamia nuts can be grown; where the mean rainfall is below 1400 mm, supplementary irrigation of these plantation crops is required to top 
yields. 


IIa Intensive farming region:  Rainfall is confined to summer and is moderately high (750-1000).  Two sub-regions have been defined.  Sub-region IIa receives 
an average of at least 18 rainy pentads per season and normally enjoys reliable conditions, rarely experiencing severe dry spells in summer.  The region is 
suitable for intensive systems of farming based on crop and/or livestock production. 


IIb Sub-region IIb receives an average of 16-18rainy pentads per season and is subject either to rather more severe dry spell during the rainy season or to the 
occurrence relatively short rainy seasons.  In either event, crop yields in certain years will be affected, but not sufficiently frequently to change the overall 
utilisation from intensive systems of farming. 


III Semi-intensive farming region:  Rainfall is moderate, 650-800 mm, accounted for by infrequent heavy falls and temperatures are high.  Region is subject to 
severe mid-season dry spells and is marginal for maize, tobacco and cotton or enterprises based on crop production alone.  The suitable farming systems 
should be based on both livestock (assisted by fodder crops) and cash crops under good management on soils of high available moisture potential. 


IV Semi-extensive farming region:  Rainfall is fairly low, 450-650 mm and the region is subjected to periodic seasonal droughts and severe dry spells during the 
rainy season.  Rainfall is low and uncertain for cash cropping except in very favourable localities where drought resistant crops can be grown.  The farming 
system should be based on livestock production but can be intensified by growing drought resistant fodder crops. 


V Extensive farming region:  Rainfall is too low and erratic for reliable production of even drought-resistant fodder and grain crops.  Farming has to be based 
on the utilisation of the veld alone.  Cattle ranching or game ranching is suitable for this region.  The region has areas below 900m altitude and mean rainfall 
is below 600 mm. 


Note:  A rainy pentad is defined as the centre one of three five-day periods (pentads) which together receive more than 40 mm of rainfall and two of which receive at least 8 mm of rainfall. 
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APPENDIX 3:  Participatory Rural Appraisal data sheet 
 
1. Name of site/area 
Details of site 
Date: ____________  Location: __________  CARE Group/Non-CARE Group 
District: __________  Number of farmers interviewed: __________ 
Number of females: _________ Number of males: __________ 
Facilitators: ____________ 
 
2. Availability of Draught Animal Power (DAP) 
 


Types of draught animals owned/used  
Adequacy of DAP  
Definition of adequate DAP  
Source of draught animals  
Problems with acquiring/sourcing draught animals  


 
3. Farming systems (crops and livestock) 
 


Major crops grown and varieties  
Inputs used and source(s)  
Farm operations-(Cropping calendar)  
Problems encountered with cropping programmes  
Types of livestock reared and breeds  
Animal grazing  
Animal production constraints  


 
4. Discussion on Livestock management [Check matrix] 
 


Allocation of grazing area and management.  Is it adequate?  
Supplementary feeding  
Animal health and care practices  
Selection and training of animals for DAP  
Uses for DAP  
Roles of men, women, children in the use of DAP  


 
5. Discussion on Implement management [Check 2 matrices] 
 


Types of animal drawn implements used  
Age range of  implements  
Condition of implements  
Field operation for which are implements used  
Skills and knowledge for proper setting and use of identified implements  
Replacement policy on implements?  Rate of replacements  
Source of implements  
Back-up support do you get from traders (spares), artisans/blacksmiths (repairs)?  
Problems in sourcing, using, replacing, repairing, and maintaining implements  
Innovators who use special implements  
Training of operators in the use draught animals and implements?  


 
6. Crop management and productivity 
 
 Methods of crop establishment 
 Number of ploughings 


Time of ploughing(s) 
 Methods of weeding 
 Number of weedings 
 Crop maintenance activities 


Harvesting methods 
 


Discussion on role of rural blacksmiths and dealers  
Services provided by rural artisans in line with DAP and implements  
Services provided by dealers  
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7. Implements matrices 


Uses of implements 
Types of implements Field operations 


Plough Cultivator Ridger  Ripper tine  Harrow Scotch cart 
Ploughing       
Planting       
Weeding       
Ridging       
Row marking       
Clod breaking       
Soil loosening       
Seed covering       
Transport       


 
Problems with implements 


Types of implements Problem 
Plough Cultivator Ridger  Ripper tine  Harrow Scotch cart 


Parts not available       
Unable to repair       
Too heavy for animals       
Cannot adjust       
Some parts unnecessary       
Weak materials used       
Other       


 
8. Draught animal use matrix 
 


A calendar for the use of draught animals 
Time of year Use 


O N D J F M A M J J A S 
Ploughing             
Planting             
Cultivating             
Carting             
Milk             
Manure             
Meat             
Hides/skins             
Lobola             


The animal type should be indicated and relate this to the cropping calendar 
 
9. Livestock type and use matrix 
 


Cattle Donkeys  
Use Bulls Oxen Cows/heifers Male  Female 
Ploughing      
Cultivating      
Carting      
Milk      
Manure      
Meat      
Hides/skins      
Lobola      
Total score      


 
Factors to ranked by the focus group. 
0 =No use 1= low use 2= medium use 3= high use 
11. Farmers selected 
Resource category 1 (with plough + cultivator + full DAP) 
Resource category 2 (with plough only + full DAP) 
Resource category 3 (with plough only + inadequate DAP) 


 







 133


APPENDIX 4:  Resource categories of households in Masvingo province 
 
 


Indicator Well resourced 
(RG1) 


Average 
(RG2) 


Poor 
(RG3) 


Very Poor 
(RG4) 


Livestock More than 5 cattle 
and donkeys 


At least 2 cattle 
and donkeys 


Possibly a single 
animal owned 


No livestock 


Implements Has full range of 
implements, often 
more than one 


Plough and 
possibly one other 
implement 


Hand tools only No implements 
Old hoes 


Crop Inputs used Purchases seed 
Has adequate 
manure 
Uses fertiliser 
regularly 


Purchases seed, 
some manure, 
occasional 
fertiliser use 


None, some 
manure 


None 


Yields achieved (food 
security) 


Sufficient for 
family 
Sells surplus most 
years 


Sufficient for 
household in good 
years 
Shortfall in poor 
seasons 


Insufficient for 
household security 


Very low if any 


Homestead Asbestos or tin 
roof house plus 
huts 
Granary 
Brick toilet 


Asbestos or tin 
roof house plus 
huts 
Granary 
Blair toilet 


2-3 huts 
No toilets 
No granaries 


1-2 huts 
No toilets 
No granaries 


Education Complete 
secondary (“O” 
levels) 
Nice schools 


Secondary (Form 
2-4) 
May complete “O” 
levels 


Primary 
Mat attend 
secondary 


Primary only 


Sources of income Many remittances 
Formal 
employment 
(pensions, 
professions 


Occasional 
remittances 
Small pension 
IGAs 
Some formal 
employment 


Hiring out labour 
Some IGAs 


Hiring out labour 
for food, seed or 
cash 


RG=Resource Group, IGA=Income generating activity 
Source: CARE, 1999 
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APPENDIX 5:  Draught animal power implement survey questionnaire 
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APPENDIX 7:  An illustration of a cluster analysis of one household 
 


(RG1-Farmer 514) 
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APPENDIX 8:  Details of implement parts 
 


Plough and parts 
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Cultivator and parts 
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APPENDIX 9:  Implement defects and comparisons of new and worn parts 
 
 
 
 
 
 
 
 
 
 
 


 


a) A new and a worn plough share: Mutangi-20.05.00 b) Seriously worn plough body parts: Mutangi-20.05.00 


 
 
 
 
 
 
 
 
 
 


 


c) Set of worn plough parts: Gari-09.12.99 d) Worn wheel and arm assembly, share and landside: Nyimai-
15.12.00 


 
 
 
 
 
 
 
 
 
 
 


 
 


e)  A slightly worn duck foot tyne and a new tyne:Chedenje-
09.01.00 


f) Plough in poor condition-Note the use of barbed wire for 
traction/hitching, no drawbar and worn parts: Chedenje-23 10 01 


 
 
 
 
 
 
 
 
 
 
 


 


g)  Plough in very poor condition-Note missing wheel and drawbar 
assemblies: Mutangi-23.10.01 


h) Plough in poor condition-Note broken wheel hub and wire 
supporting drawbar: Mshagashe-24 10.01 
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APPENDIX 10  Frequency of replacement of plough parts 
 


1999-2000 spring season (n=16) 
 


Part Number of replaced parts % of farmers 
Share 14 88% 
Landside 13 81% 
Adjusting bar holder with set screw 11 69% 
Drawbar assembly 9 56% 
King bolt 8 50% 
Wheel assembly 8 50% 
U-clamp assembly  7 44% 
Regulator (hake) 6 38% 
Mouldboard bolts  3 19% 
Frog 1 6% 
Mouldboard 1 6% 


 
1999-2000 winter season (n=7) 


 
Part Number of replaced parts % of farmers 
Wheel assembly 7 100% 
Drawbar assembly 6 86% 
Share 5 71% 
Adjusting bar holder with set screw 5 71% 
Regulator (hake) 5 71% 
U-clamp assembly 4 57% 
Landside 4 57% 
Mouldboard 3 43% 
King bolt 2 29% 
C2 Cup head bolt 2 29% 
Frog 1 14% 


 
2000-2001 spring season (n=18) 


 
Part Number of replaced parts % of farmers 
Wheel assembly 16 89% 
Landside 15 83% 
Share 14 78% 
Regulator (hake) 10 56% 
Adjusting bar holder with set screw 9 50% 
C2 Cup head bolt 9 50% 
Drawbar assembly 8 44% 
King bolt 8 44% 
U-clamp assembly 8 44% 
Frog 6 33% 
Mouldboard 2 11% 
Stay bolt 2 11% 
Mouldboard bolts 1 6% 


 
2000-2001 winter season (n=12) 


 
Part Number of replaced parts % of farmers 
Wheel assembly 12 100% 
Regulator (hake) 12 100% 
Landside 11 92% 
Share 11 92% 
Adjusting bar holder with set screw 11 92% 
Drawbar assembly 11 92% 
U-clamp assembly 10 83% 
Mouldboard 5 42% 
King bolt 4 33% 
Stay bolt (beam to mouldboard) 4 33% 
Stay bolt (handle to mouldboard) 3 25% 
C2 Cup head bolt 3 25% 
Mouldboard bolts 3 25% 
Frog 6 33% 
Spreader bar bolt 1 8% 
Handle brace bolts 1 8% 
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APPENDIX 11:  Plough/cultivator performance data sheet 
 
 
Date:_____  Location: _________ Farmer: _________ Cat:_____ Start:________ 
       Finish:_______ 


    Total time:______hr 
   Weather 


PLOT A Run Draught sec/50 m Depth Width  T1:______C 
 1  T2:______C 
 2  Stoppages (min) 
 3  Turning:____ 
 4  Adjusting:____ 
 5  Resting:____ 
 6  Other:____
 7  Actual time:_____hr 
 8  Area:_____m2 
 9  No. of people:____ 
 10  man_hr:____ 
 11  man_hr/ha:____ 
 12  Days after planting:__ 
 13  Row spacing:__mm 
 14  plants/m2:______ 
 15  plants/ha:_______ 
 16  plant ht________mm 
 17  


Comments on observations  
   
   
   


PLOT B Run Draught sec/___m Depth Width  Start:________ 
 1  Finish:_______ 
 2  Total time:______hr 
 3  Weather 
 4  T1:______C 
 5  T2:______C 
 6  Stoppages (min) 
 7  Turning:____ 
 8  Adjusting:____ 
 9  Resting:____ 
 10  Other:____
 11  Actual time:_____hr 
 12  Area:_____m2 
 13  No. of people:____ 
 14  man_hr:____ 
 15  man_hr/ha:____ 
 16  Days after planting:__ 
 17  Row spacing:__mm 
 18  plants/m2:______ 
 19  plants/ha:_______ 
 20  plant ht________mm 


Comments on observations  
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APPENDIX 12:  Examples of how donkeys were harnessed with yokes 
 


 
 
 
 
 
 
 
 
 
 


a) Yoked four-donkey draught team : Gari-24.11.00 
 
 
 
 
 
 
 
 
 
b)  A donkey and cow spanned on the front yoke-Note injury on 


the donkey’s neck caused by the yoke.):  Nyimai-12.12 02 
 
 
 
 
 
 
 
 
 
 


c)  Two male donkeys lead cows  Nyimai-02.12.00 
 
 
 
 
 
 
 
 
 
 
 


d) Donkey and cow combination on front and rear yokes: 
Mutangi-16.05 00 
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APPENDIX 13:  GLM procedures-(ANOVA) results 
 
PLOUGHS 
____________________________ 
Class  PLDFTS DEPTH 
Dependent Variable: DRAUGHT 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                   69        18499713.05809990         268111.78345072    93.01    0.0001 
Error                  214          616877.37499868           2882.60455607 
Corrected Total        283        19116590.43309850 
                  R-Square                     C.V.                Root MSE       DRAUGHT Mean 
                  0.967731                 5.465149             53.68989249       982.40492958 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLDFTS                   0               0.00000000               .              .       . 
DEPTH                    4          126642.11607149          31660.52901787    10.98    0.0001 
SPEED                    1           61616.62759514          61616.62759514    21.38    0.0001 
PLDFTS*DEPTH             0               0.00000000               .              .       . 
SPEED*DEPTH              2          121246.93052649          60623.46526324    21.03    0.0001 
MC                       1           10302.25470476          10302.25470476     3.86    0.0515 
____________________________ 
Class  TEAM 
Dependent Variable: DRAUGHT POTENTIAL 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    4        10238821.14027150        2559705.28506788   100.19    0.0001 
Error                  403        10295920.82051280          25548.19062162 
Corrected Total        407        20534741.96078430 
                  R-Square                     C.V.                Root MSE          DPOT Mean 
                  0.498610                 14.59499            159.83801369      1095.15686275 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
TEAM                     4        10238821.14027140        2559705.28506787   100.19    0.0001 
____________________________ 
Class WIDTH 
Dependent Variable: FIELD EFFICIENCY 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                   81           77195.49336121            953.03078224     9.41    0.0001 
Error                  334           33814.63782699            101.24143062 
Crrected Total        415          111010.13118821 
                  R-Square                     C.V.                Root MSE         EFFIC Mean 
                  0.695391                 11.77471             10.06188007        85.45329327 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
WIDTH                   80           54315.53743736            678.94421797     6.71    0.0001 
SPEED                    1            2226.60382889           2226.60382889    21.99    0.0001 
____________________________ 
Class PLDFTS DEPTH 
Dependent Variable: WEEDING EFFICIENCY 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                   98           83103.44761905            847.99436346   210.75    0.0001 
Error                  321            1291.60000000              4.02367601 
Corrected Total        419           84395.04761905 
                  R-Square                     C.V.                Root MSE       WEEDEFF Mean 
                  0.984696                 2.551430              2.00591027        78.61904762 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLDFTS                   6            3535.06666667            589.17777778   146.43    0.0001 
DEPTH                   84           42815.98974359            509.71416361   126.68    0.0001 
 
 
 
 
 
 
____________________________ 
Class PLDFTS DPOT DRAUGHT 
Dependent Variable: WORK RATE 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                  268            1616.47600216              6.03162687    62.68    0.0001 
Error                    7               0.67359639              0.09622806 
Corrected Total        275            1617.14959855 
                  R-Square                     C.V.                Root MSE         WRATE Mean 
                  0.999583                 2.647582              0.31020647        11.71659420 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLDFTS                   6               8.78221320              1.46370220    15.21    0.0011 
DPOT                    22              90.21911766              4.10086898    42.62    0.0001 
DRAUGHT                224             156.69447399              0.69952890     7.27    0.0047 
SPEED                    1               0.10156235              0.10156235     1.06    0.3384 
____________________________ 
Class  PLOUGH DEFECTS 
Dependent Variable: SPEED 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                   15              44.96420171              2.99761345    10.10    0.0001 
Error                  384             113.93013429              0.29669306 
Corrected Total        399             158.89433600 
                  R-Square                     C.V.                Root MSE         SPEED Mean 
                  0.282982                 13.65014              0.54469538         3.99040000 
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Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLDFTS                  13              27.73889267              2.13376097     7.19    0.0001 
DEPTH                    1               3.03451203              3.03451203    10.23    0.0015 
DPOT                     1              13.52998385             13.52998385    45.60    0.0001 
____________________________ 
Class PLOUGH DEFECTS 
Dependent Variable: WIDTH 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                   16           83242.91714432           5202.68232152     3.66    0.0001 
Error                  307          436107.63775446           1420.54605132 
Corrected Total        323          519350.55489877 
                  R-Square                     C.V.                Root MSE         WIDTH Mean 
                  0.160283                 13.74574             37.69013202       274.19493827 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLDFTS                  14           78726.00843696           5623.28631693     3.96    0.0001 
SS                       1            1362.96131964           1362.96131964     0.96    0.3281 
BD                       1             424.40198181            424.40198181     0.30    0.5851 
____________________________ 
Dependent Variable: DEPTH 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                   61          191188.08959617           3134.23097699    24.89    0.0001 
Error                  262           32993.58478409            125.92971292 
Corrected Total        323          224181.67438026 
                  R-Square                     C.V.                Root MSE         DEPTH Mean 
                  0.852827                 9.800713             11.22184089       114.50024691 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLDFTS                  10           31454.28154731           3145.42815473    24.98    0.0001 
PLMASS                  44           80645.62994317           1832.85522598    14.55    0.0001 
MC                       1             696.63724811            696.63724811     5.53    0.0194 
SS                       1             629.66420174            629.66420174     5.00    0.0262 
BD                       1            1352.24139403           1352.24139403    10.74    0.0012 
 
 
 
 
 
 
____________________________ 
Dependent Variable: HEART RATE 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    4            7102.34166497           1775.58541624    13.19    0.0001 
Error                   87           11710.52790025            134.60376897 
Corrected Total         91           18812.86956522 
                  R-Square                     C.V.                Root MSE            HR Mean 
                  0.377526                 9.110392             11.60188644       127.34782609 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLDFTS                   1            2814.91638984           2814.91638984    20.91    0.0001 
DEPTH                    1            3250.46896878           3250.46896878    24.15    0.0001 
EFFIC                    1            3316.70127177           3316.70127177    24.64    0.0001 
SPEED                    1             838.72965435            838.72965435     6.23    0.0144 
                                                T for H0:        Pr > |T|       Std Error of 
____________________________ 
Dependent Variable: SPECIFIC DRAUGHT 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                   73             224.59835000              3.07668973 99999.99    0.0001 
Error                  214               0.00000000              0.00000000 
Corrected Total        287             224.59835000 
                  R-Square                      C.V.                Root MSE      SPDRGHT Mean 
                  1.000000                        0                       0         3.62208333 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
WIDTH                    2               0.00000000              0.00000000 99999.99    0.0001 
PLMASS                   1               0.00000000              0.00000000 99999.99    0.0001 
________________________________________________________________________________________________ 


CULTIVATORS 
____________________________ 
Dependent Variable: WEEDING EFFICIENCY 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    3           12688.82904782           4229.60968261    61.93    0.0001 
Error                   36            2458.67095218             68.29641534 
Corrected Total         39           15147.50000000 
                  R-Square                     C.V.                Root MSE       WEEDEFF Mean 
                  0.837685                 12.38077              8.26416453        66.75000000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
DEPTH                    1             389.24253476            389.24253476     5.70    0.0223 
WIDTH                    1             709.49010911            709.49010911    10.39    0.0027 
DEFECT                   1            8952.34243061           8952.34243061   131.08    0.0001 
____________________________ 
Dependent Variable: DRAUGHT 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    2           64025.38563049          32012.69281525    18.59    0.0001 
Error                   37           63703.01436951           1721.70309107 
Corrected Total         39          127728.40000000 
                  R-Square                     C.V.                Root MSE       DRAUGHT Mean 
                  0.501262                 7.833379             41.49341021       529.70000000 
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Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
DEPTH                    1           51462.73198761          51462.73198761    29.89    0.0001 
SPEED                    1           25914.40129870          25914.40129870    15.05    0.0004 
 
 
 
 
 
 
 
 
 
 
____________________________ 
Dependent Variable: DRAUGHT POTENTIAL 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    0               0.00000000               .              .       . 
Error                   39          116640.00000000           2990.76923077 
Corrected Total         39          116640.00000000 
                  R-Square                     C.V.                Root MSE          DPOT Mean 
                  0.000000                 6.510467             54.68792582       840.00000000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
TEAM                     0                        0                       .      .       . 
                         Level of        -------------DPOT------------ 
                         TEAM        N       Mean              SD 
                         121        40     840.000000       54.6879258 
____________________________ 
Dependent Variable: WIDTH 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1             125.83877996            125.83877996     0.11    0.7371 
Error                   38           41813.76122004           1100.36213737 
Corrected Total         39           41939.60000000 
                  R-Square                     C.V.                Root MSE         WIDTH Mean 
                  0.003000                 6.059866             33.17170688       547.40000000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
DEFECT                   1             125.83877996            125.83877996     0.11    0.7371 
____________________________ 
Dependent Variable: SPEED 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    2              16.19323454              8.09661727   272.15    0.0001 
Error                   37               1.10076546              0.02975042 
Corrected Total         39              17.29400000 
                  R-Square                     C.V.                Root MSE         SPEED Mean 
                  0.936350                 4.456927              0.17248309         3.87000000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
DEPTH                    1              14.37319968             14.37319968   483.13    0.0001 
DEFECT                   1               1.80480597              1.80480597    60.66    0.0001 
____________________________ 
Dependent Variable: FIELD EFFICIENCY 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    2           12848.93925110           6424.46962555    52.93    0.0001 
Error                   37            4491.06074890            121.38002024 
Corrected Total         39           17340.00000000 
                  R-Square                     C.V.                Root MSE           EFF Mean 
                  0.741000                 8.957122             11.01726011       123.00000000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
WIDTH                    1              70.28711742             70.28711742     0.58    0.4515 
SPEED                    1            9356.81238294           9356.81238294    77.09    0.0001 
____________________________ 
Dependent Variable: WORK RATE 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    3               5.07383682              1.69127894 52344.50    0.0001 
Error                   36               0.00116318              0.00003231 
Corrected Total         39               5.07500000 
                  R-Square                     C.V.                Root MSE         WRATE Mean 
                  0.999771                 0.143000              0.00568424         3.97500000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
WIDTH                    1               0.00017245              0.00017245     5.34    0.0267 
SPEED                    1               1.13116886              1.13116886 35009.29    0.0001 
DEFECT                   1               4.46943372              4.46943372 99999.99    0.0001 
________________________________________________________________________________________________ 
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APPENDIX 14:  GLM procedures-oneway anova 
 
PLOUGHS 
______________________________ 
Dependent Variable: DRAUGHT 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1         3081226.53051923        3081226.53051923    54.19    0.0001 
Error                  282        16035363.90257930          56862.99256234 
Corrected Total        283        19116590.43309850 
                  R-Square                     C.V.                Root MSE       DRAUGHT Mean 
                  0.161181                 24.27305            238.45962460       982.40492958 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1         3081226.53051922        3081226.53051922    54.19    0.0001 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   671.3599206              15.07         0.0001        44.56110191 
PLOT                        208.3414683               7.36         0.0001        28.30275826 
______________________________ 
Dependent Variable: DEPTH 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1          137533.94050346         137533.94050346   266.06    0.0001 
Error                  418          216079.78540131            516.93728565 
Corrected Total        419          353613.72590477 
                  R-Square                     C.V.                Root MSE         DEPTH Mean 
                  0.388938                 20.76867             22.73625487       109.47380952 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1          137533.94050345         137533.94050345   266.06    0.0001 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   55.35598331              15.82         0.0001         3.49840094 
PLOT                        36.19345065              16.31         0.0001         2.21893191 
______________________________ 
Dependent Variable: WIDTH 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1            8316.20746690           8316.20746690     5.55    0.0189 
Error                  418          625963.70262453           1497.52081968 
Corrected Total        419          634279.91009144 
                  R-Square                     C.V.                Root MSE         WIDTH Mean 
                  0.013111                 14.17216             38.69781415       273.05514286 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1            8316.20746690           8316.20746690     5.55    0.0189 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   259.7475943              43.62         0.0001         5.95438738 
PLOT                          8.8999528               2.36         0.0189         3.77669125 
______________________________ 
Dependent Variable: SPEED OF OPERATION 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1               7.19558972              7.19558972    19.42    0.0001 
Error                  414             153.37419489              0.37046907 
Corrected Total        415             160.56978462 
                  R-Square                     C.V.                Root MSE         SPEED Mean 
                  0.044813                 15.24586              0.60866170         3.99230769 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1               7.19558972              7.19558972    19.42    0.0001 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   4.384406215              46.72         0.0001         0.09384033 
PLOT                       -0.263085461              -4.41         0.0001         0.05969523 
 
______________________________ 
Dependent Variable: WORK RATE 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1              14.38137259             14.38137259     2.34    0.1272 
Error                  418            2573.74828360              6.15729254 
Corrected Total        419            2588.12965619 
                  R-Square                     C.V.                Root MSE         WRATE Mean 
                  0.005557                 21.83598              2.48138924        11.36376190 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1              14.38137259             14.38137259     2.34    0.1272 
______________________________ 
Dependent Variable: FIELD EFFICIENCY 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1              98.99775957             98.99775957     0.37    0.5418 
Error                  418          110966.94561447            265.47116176 
Corrected Total        419          111065.94337404 
R-Square                     C.V.                Root MSE         EFFIC Mean 
                  0.000891                 19.07487             16.29328579        85.41754762 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1              98.99775957             98.99775957     0.37    0.5418 
______________________________ 
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Dependent Variable: WEEDING EFFICIENCY 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1           21624.49056604          21624.49056604   145.36    0.0001 
Error                  422           62778.11320755            148.76330144 
Corrected Total        423           84402.60377358 
                  R-Square                     C.V.                Root MSE       WEEDEFF Mean 
                  0.256206                 15.51130             12.19685621        78.63207547 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1           21624.49056604          21624.49056604   145.36    0.0001 
______________________________ 
Dependent Variable: PLOUGH DEFECTS 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1           13225.05660376          13225.05660376  1023.30    0.0001 
Error                  422            5453.88679246             12.92390235 
Corrected Total        423           18678.94339623 
                  R-Square                     C.V.                Root MSE        PLDFTS Mean 
                  0.708020                 0.396541              3.59498294       906.58490566 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1           13225.05660377          13225.05660377  1023.30    0.0001 
______________________________ 
Dependent Variable: PLOUGH MASS 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1            1755.71660377           1755.71660377   269.39    0.0001 
Error                  422            2750.28377358              6.51726013 
Corrected Total        423            4506.00037736 
                  R-Square                     C.V.                Root MSE        PLMASS Mean 
                  0.389640                 7.146616              2.55289250        35.72169811 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1            1755.71660377           1755.71660377   269.39    0.0001 
 
 
 
 
 
 
 
 
 
 
______________________________ 
Dependent Variable: HEART RATE 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1              13.50000000             13.50000000     0.07    0.7956 
Error                   94           18801.00000000            200.01063830 
Corrected Total         95           18814.50000000 
                  R-Square                     C.V.                Root MSE            HR Mean 
                  0.000718                 11.10305             14.14251174       127.37500000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1              13.50000000             13.50000000     0.07    0.7956 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   128.5000000              28.15         0.0001         4.56447604 
PLOT                         -0.7500000              -0.26         0.7956         2.88682812 
_________________________________________________________________________________________________ 
CULTIVATORS 
____________________________ 
Dependent Variable: DRAUGHT 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1           22090.00000000          22090.00000000     7.95    0.0076 
Error                   38          105638.40000000           2779.95789474 
Corrected Total         39          127728.40000000 
                  R-Square                     C.V.                Root MSE       DRAUGHT Mean 
                  0.172945                 9.953805             52.72530602       529.70000000 
Source                  DF                Type I SS             Mean Square  F Value    Pr > F 
PLOT                     1           22090.00000000          22090.00000000     7.95    0.0076 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1           22090.00000000          22090.00000000     7.95    0.0076 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   459.2000000              17.42         0.0001        26.36265301 
PLOT                         47.0000000               2.82         0.0076        16.67320573 
______________________________ 
Dependent Variable: DEPTH 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1             810.00000000            810.00000000    22.63    0.0001 
Error                   38            1360.00000000             35.78947368 
Corrected Total         39            2170.00000000 
                  R-Square                     C.V.                Root MSE         DEPTH Mean 
                  0.373272                 8.733475              5.98243042        68.50000000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1             810.00000000            810.00000000    22.63    0.0001 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   55.00000000              18.39         0.0001         2.99121521 
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PLOT                         9.00000000               4.76         0.0001         1.89181061 
______________________________ 
Dependent Variable: WIDTH 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1            1299.60000000           1299.60000000     1.22    0.2772 
Error                   38           40640.00000000           1069.47368421 
Corrected Total         39           41939.60000000 
                  R-Square                     C.V.                Root MSE         WIDTH Mean 
                  0.030987                 5.974207             32.70280851       547.40000000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1            1299.60000000           1299.60000000     1.22    0.2772 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   564.5000000              34.52         0.0001        16.35140425 
PLOT                        -11.4000000              -1.10         0.2772        10.34153608 
______________________________ 
Dependent Variable: SPEED 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1               3.72100000              3.72100000    10.42    0.0026 
Error                   38              13.57300000              0.35718421 
Corrected Total         39              17.29400000 
                  R-Square                     C.V.                Root MSE         SPEED Mean 
Source                  DF                Type I SS             Mean Square  F Value    Pr > F 
PLOT                     1               3.72100000              3.72100000    10.42    0.0026 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1               3.72100000              3.72100000    10.42    0.0026 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   2.955000000               9.89         0.0001         0.29882445 
PLOT                        0.610000000               3.23         0.0026         0.18899318 
______________________________ 
Dependent Variable: WORK RATE 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1               2.02500000              2.02500000    25.23    0.0001 
Error                   38               3.05000000              0.08026316 
Corrected Total         39               5.07500000 
                  R-Square                     C.V.                Root MSE         WRATE Mean 
                  0.399015                 7.127234              0.28330753         3.97500000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1               2.02500000              2.02500000    25.23    0.0001 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   4.650000000              32.83         0.0001         0.14165377 
PLOT                       -0.450000000              -5.02         0.0001         0.08958971 
______________________________ 
Dependent Variable: FIELD EFFICIENCY 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1              40.00000000             40.00000000     0.09    0.7685 
Error                   38           17300.00000000            455.26315789 
Corrected Total         39           17340.00000000 
                  R-Square                     C.V.                Root MSE           EFF Mean 
                  0.002307                 17.34707             21.33689663       123.00000000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1              40.00000000             40.00000000     0.09    0.7685 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   120.0000000              11.25         0.0001        10.66844832 
PLOT                          2.0000000               0.30         0.7685         6.74731916 
______________________________ 
Dependent Variable: WEEDING EFFICIENCY 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1           14822.50000000          14822.50000000  1733.09    0.0001 
Error                   38             325.00000000              8.55263158 
Corrected Total         39           15147.50000000 
                  R-Square                     C.V.                Root MSE       WEEDEFF Mean 
                  0.978544                 4.381256              2.92448826        66.75000000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1           14822.50000000          14822.50000000  1733.09    0.0001 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                    9.00000000               6.15         0.0001         1.46224413 
PLOT                        38.50000000              41.63         0.0001         0.92480439 
 
 
 
______________________________ 
Dependent Variable: DEFECTS 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1             902.50000000            902.50000000   139.98    0.0001 
Error                   38             245.00000000              6.44736842 
Corrected Total         39            1147.50000000 
                  R-Square                     C.V.                Root MSE        DEFECT Mean 
                  0.786492                 0.280339              2.53916688       905.75000000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
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PLOT                     1             902.50000000            902.50000000   139.98    0.0001 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   920.0000000             724.65         0.0001         1.26958344 
PLOT                         -9.5000000             -11.83         0.0001         0.80295507 
______________________________ 
Dependent Variable: MASS 
Source                  DF           Sum of Squares             Mean Square  F Value    Pr > F 
Model                    1              11.02500000             11.02500000     7.32    0.0102 
Error                   38              57.25000000              1.50657895 
Corrected Total         39              68.27500000 
                  R-Square                     C.V.                Root MSE          MASS Mean 
                  0.161479                 3.324110              1.22742778        36.92500000 
Source                  DF              Type III SS             Mean Square  F Value    Pr > F 
PLOT                     1              11.02500000             11.02500000     7.32    0.0102 
                                                T for H0:        Pr > |T|       Std Error of 
Parameter                      Estimate        Parameter=0                        Estimate 
INTERCEPT                   38.50000000              62.73         0.0001         0.61371389 
PLOT                        -1.05000000              -2.71         0.0102         0.38814674 
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 APPENDIX 15:  Implement assessment and evaluation of benefits survey questionnaire 
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APPENDIX 16:  Condition of selected ploughs during implement assessment survey 
 


 
 
 
 
 
 
 
 
 
 


a)  Plough in good condition: Gari-06.08.02 


 
 
 
 
 
 
 
 
 
 


b)  Plough in average-poor condition: Mushandike-09.08.02 


 
 
 
 
 
 
 
 
 
 


c)  Plough in poor condition (poor plough body): Gari-06.08.02 


 
 
 
 
 
 
 
 
 


d)  Plough in very poor condition (missing share and mouldboard worn 
landside and wheel-axle assembly): Mutangi-09.08.02 


 
 


 





		APPENDIX 3:  Participatory Rural Appraisal data sheet

		

		

		1.Name of site/area





		Discussion on Livestock management [Check matrix]

		5.Discussion on Implement management [Check 2 matrices]

		

		

		

		

		

		Field operations











		Types of implements

		

		

		Problems with implements



		Problem





		Types of implements





		A calendar for the use of draught animals

		Use

		Time of year



		The animal type should be indicated and relate this to the cropping calendar

		9.Livestock type and use matrix

		Cattle

		Donkeys

		Very Poor







		APPENDIX 7:  An illustration of a cluster analysis of one household

		APPENDIX 8:  Details of implement parts

		Plough and parts

		

		APPENDIX 10  Frequency of replacement of plough parts







		APPENDIX 11:  Plough/cultivator performance data sheet

		

		

		

		

		

		PLOUGHS

		Class  PLDFTS DEPTH

		Dependent Variable: DRAUGHT POTENTIAL

		Dependent Variable: FIELD EFFICIENCY

		Class PLDFTS DEPTH

		Class PLDFTS DPOT DRAUGHT

		Class  PLOUGH DEFECTS

		Dependent Variable: WIDTH

		Dependent Variable: DEPTH

		Dependent Variable: HEART RATE

		Dependent Variable: SPECIFIC DRAUGHT















		CULTIVATORS

		

		

		

		

		

		

		Dependent Variable: WEEDING EFFICIENCY

		Dependent Variable: DRAUGHT

		Dependent Variable: DRAUGHT POTENTIAL

		Dependent Variable: WIDTH

		Dependent Variable: SPEED

		Dependent Variable: FIELD EFFICIENCY

		Dependent Variable: WORK RATE















		PLOUGHS

		

		

		

		

		

		

		Dependent Variable: DRAUGHT

		Dependent Variable: DEPTH

		Dependent Variable: WIDTH

		Dependent Variable: WORK RATE

		Dependent Variable: FIELD EFFICIENCY

		Dependent Variable: WEEDING EFFICIENCY

		Dependent Variable: PLOUGH DEFECTS

		Dependent Variable: PLOUGH MASS

		Dependent Variable: HEART RATE













		CULTIVATORS

		

		

		

		

		

		Dependent Variable: DRAUGHT

		Dependent Variable: DEPTH

		Dependent Variable: WIDTH

		Dependent Variable: SPEED

		Dependent Variable: WORK RATE

		Dependent Variable: FIELD EFFICIENCY

		Dependent Variable: WEEDING EFFICIENCY

		Dependent Variable: DEFECTS

		Dependent Variable: MASS

















