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Abstract 

Recent economic growth in Tanzania has been biased towards industry and services, 
denying farmers potential distributional benefits. Correcting this anomaly requires in part 
appropriate technologies to raise agricultural productivity. Attempts to either develop local 
tools or import advanced country technologies had limited benefits. Recent studies suggest 
that for poor producers in Tanzania, mechanisation technologies from emerging economies 
are more appropriate in relation to their production characteristics. However, being locked-in 
advanced country technologies means both market and non-market institutions responsible 
for mechanisation technology transfer in Tanzania have evolved to suite machines from the 
EU, Japan and USA. To accommodate the new market dynamic, where attention is shifting to 
emerging economies, modifications to the current technology transfer infrastructure are 
required. Using firm, farm and government level data on importation, distribution, usage and 
maintenance of tractors in Tanzania, this paper argues that the potential benefits of emerging 
economy tractors can be greatly enhanced if calculated attempts are made to modify the 
existing technology transfer and diffusion process. 
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1. Agricultural technology and poverty in Tanzania 

Tanzania recorded an impressive economic growth performance in the noughties, averaging 
7% per annum but failed to reduce poverty (NBS, 2009). Nearly 40% of the population were 
considered poor in the same period (NBS, 2007). The main explanation offered for this 
growth-poverty mismatch is that a greater proportion of the progress observed occurred in 
sectors engaged in by the rich, rather than the poor (Mkenda et al, 2009; Hoogeveen and 
Ruhinduka, 2009). The growth favoured trade and industry; thus although nearly 75% of 
Tanzania’s poor are engaged in agriculture, its growth rate stagnated around 4% (NBS, 
2007). The consensus is to focus on agriculture as a viable response mechanism to the 
growth and poverty reduction challenge (Sarris, et al., 2006; Fan et al, 2010). Admittedly, 
transforming the agricultural sector into a viable growth pathway requires appropriate 
mechanisation technologies to augment other inputs (Fonteh, 2010; Biggs et al., 2011). 

Technological progress and innovation is acknowledged as an important determinant of 
productivity and growth (Solow, 1956). This relationship is well recognised by Tanzanian 
economic agents and has influenced agricultural policy in diverse ways. For instance, within 
Tanzania’s African Socialism Policy in the 1960s, agricultural mechanisation was given 
prominence (The Arusha Declaration, 1967). Similarly, the Kilimo Kwanza (Agriculture First) 
Policy in 2009 of agricultural transformation gave significant attention to mechanisation 
(Mmari & Mpanduji, 2014). Recognising the role of technology is necessary, but not 
sufficient for promoting growth. The selection from a given set of technologies and 
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successfully diffusing them on farms is crucial and places a huge responsibility on the 
national innovations system.  

It is therefore not surprising that successive Tanzanian governments have either facilitated 
the development of local techniques or the importation of technologies from abroad. First, 
underpinned by appropriate technology movement principles (Schumacher, 1973), projects 
were undertaken to develop intermediate technologies to fit the Tanzanian context (Carr, 
1985). Generally supported by acts of charity and without sound understanding of the market 
these intermediate technologies (mainly small tractors) failed to create the anticipated 
paradigms (Kaplinsky, 1990). Second, collaboration with foreign firms to manufacture farm 
machinery locally were also unsuccessful (Simalenga,1989). Finally, fuelled by the notion 
that machines from advanced countries were efficient, the technological gaps created by 
these failed local efforts were to be filled by importation of farm machinery from advanced 
countries. With time, it became clear that this conception of efficiency associated with 
advanced country machines was flawed- they were in fact associated with undesirable social 
and environmental effects embedded in high cost and labour displacement (Kaplinsky, 1990; 
(ILO, 1973). Thus after several decades of reliance on advanced country power tillers and 
tractors, Tanzania succeeded in mechanizing only 13% of all farm lands by 2010 (Lyimo, 
2011).  

Recent developments in the world order of technology generation and usage have opened 
up new opportunities and widened the choice alternatives for Tanzanians with respect to 
mechanisation technologies. Whilst in the 1970s a mere one-fiftieth of global R&D 
expenditure were located in developing countries, in the 2000s the figure stood at one-fifth, 
thanks to China and India (Clark, et al., 2009). Several decades of investment in education, 
training and capital goods sectors in China and India have helped them develop science and 
technology capabilities for innovation. The characteristics of the emerging economy markets 
have triggered the development of low cost capital goods (Clark, et al., 2009) including 
tractors and power tillers. Because the nature of these markets are comparable to other 
developing countries in SSA like Tanzania, it was anticipated and in fact have been shown 
that they will produce appropriate technologies that are suitable for production skills, 
technological capabilities and purchasing power in other low income countries. (Clark, et al., 
2009). It is therefore not surprising that of all the small tractors used on Tanzanian farms 
only 5% had Chinese and Indian origin in 2001 but by 2012 the figure had risen to 70% - a 
clear indication that capital goods from the emerging economies are filling an age old gap 
(Agyei-Holmes, 2014).  

Despite these changing paradigms of the source of tractors being imported into Tanzania 
and current empirical evidence which supports their appropriateness, the technology transfer 
process has not changed significantly to suite them. Since no two technologies are the same 
the soft and physical infrastructure developed for the transfer process from the producing 
country and diffusion within the recipient country might have to necessarily vary to 
accommodate these differences. Several decades of Tanzania’s dependence on advanced 
country technologies suggests that the framework for technology transfer and diffusion have 
evolved based on the characteristics of those technologies. As we shall see, emerging 
economy mechanisation technologies differ significantly from the advance country ones - 
thus relying on the old ways used to import and diffuse advance country machines might not 
yield the desired results. The actors involved in the technology transfer process in the old 
order would have developed code of ethics, strategies, set of tacit knowledge and standards 
over the years to accommodate the characteristics of advanced country mechanisation 
technologies and might be applying same to the new market evolving with emerging 
economy technologies. In this paper we establish whether these old methods are useful for 
the new paradigm. If they are not what modifications are needed to enhance an efficient and 
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effective transfer and diffusion of emerging economy tillage techniques? As a precursor to 
addressing these two research questions, we examine the briefly the distinctiveness of 
emerging economy tractors and power tillers from the advance country ones.  

We situate these discussions within three strands of literature: Technological Choice and 
Appropriate Technology; Below the Radar Innovations and International Technology 
Transfer. Current interpretations of the appropriate technology literature suggest that for a 
technology to be appropriate for the poor, it must combine both Schumacher and 
Schumpeter tenets (Kaplinsky, 2011). This assertion implicitly assumes that once technology 
is low cost and small scale (Schumacher) in an environment where effective demand exists 
with numerous entrepreneurs (Schumpeter), then diffusion will occur naturally. The 
expectation is that since Below the Radar Innovations which conforms with the Schumacher 
and Schumpeter principles are being produced in China and India, other developing 
countries should naturally benefit. The point of departure of our present paper from the 
foregoing arguments derives from the importance of absorptive capacity and social capability 
within any national innovations system in ensuring successful international technology 
transfer regardless of the nature of technology. We therefore argue that although BRIs could 
be beneficial to other developing countries, existing technology transfer frameworks present 
in those developing economies prior to the introduction of the BRIs could inhibit their 
success.     

The rest of the paper is organised into four sections. Section 2 reviews relevant literature.  In 
section 3 we present a conceptual framework and the data used. In section 4 an attempt is 
made to address the two research questions. Section 5 concludes. 

2. Technical choice and technology transfer in a changing world order 

In any production process including agricultural mechanisation, there are infinite possibilities 
of technically combining labour and capital to produce an output (Farrell, 1957; Sen, 1968). 
However, engineering limitations do not allow the attainment of all technically possible 
combinations of labour and capital (Eckaus, 1955). Economically optimal technique choice is 
therefore constrained by a set of limited engineering production functions (Clark, 1985). 
Depending on the prices of labour and capital in the society under consideration an 
economically optimal choice of technique can be made with the view of minimising total cost. 
Based on market size in which the production process is undertaken, there are also scale 
considerations to be made (Kaplinsky, 1990). Furthermore, the characteristics of consumers 
affects the quality of products to be produced. Historically, the production technologies was 
concentrated in advanced countries where capital is relatively abundant. This narrowed the 
range of economically efficient technologies for labour abundant developing countries 
(Stewart, 1977; Emmanuel, 1982). 

Stewart (1977) argued that technological development has been such that it creates 
inappropriate techniques, and leaves underdeveloped and undeveloped the techniques 
which suites conditions in poor countries. To address the technological needs of relatively 
poorer households and countries for production and consumption, the appropriate 
technology movements in the 1970s and 1980s promoted intermediate technologies that 
were low cost and smaller in scale to meet the infrastructure and skill circumstances of the 
poor. These movements were generally based on acts of charity. The tenets of the 
appropriate technology movements led by Schumacher were based on the idea that growth, 
poverty reduction and distribution in low income countries will be greatly enhanced if 
producers had access to labour-intensive technologies which were small in scale, and if they 
produced products which were low cost and accessible to low income consumers 
(Kaplinsky, 2009). 
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However, the absence of entrepreneurship in low income countries, inadequate skill sets to 
develop innovation and the lack of effective demand which are the main tenets of capitalism 
(Schumpeter, 1939) made the ideas of the appropriate technology supported by 
Schumacher very difficult to implement. Producers and consumers in low income countries 
had unfilled needs, but they lacked what it takes to meet these needs. However, as noted 
earlier some of these limitations of the appropriate technology movement are being 
removed, especially in China and India. Entrepreneurship in these two economies have 
become vibrant, skill sets have improved, incomes and effective demand are also rising as a 
result of high growth. These changes are enhancing technical change that produces Below 
the Radar Innovations (BRI) which might go un-noticed. However, because these BRIs 
combine the tenets of both Schumacher (low cost, intermediate scale) and Schumpeter 
(capitalism, market driven, effective demand) tenets it provides opportunity for technical 
change in other developing countries by circumventing the need to use charity as the main 
engine of technology transfer.  

Technology transfer can be described as a broad set of processes covering flows of 
equipment, know-how and experience between various types of actors (IPCC, 2000; Lema & 
Lema, 2012). Since BRIs are located outside Tanzania their transfer will involve cross border 
arrangements which constitutes International Technology Transfer (ITT). ITT is a 
comprehensive term covering mechanisms for shifting information across borders and its 
effective diffusion into recipient economies. Thus, it refers to numerous complex processes, 
ranging from innovation and international marketing of technology to its absorption and 
imitation (Maskus, 2004). ITT can be a market-based transaction between unrelated parties 
or through a non-market mediated approach (Kim, 1991). Regardless of the mode of transfer 
employed the success of the process depends on the absorptive capacity of the recipient 
country (Mowery & Oxley, 1995). The recipient country’s ability to recognise new 
technological opportunities and to capture and integrate new knowledge into the country or 
firm processes with the aim of increasing competitive advantage is its absorptive capacity 
(Lane et al., 2001). For these processes to succeed an effective national innovations system 
is required. The concept of national innovation systems rests on the premise that efficient 
linkages among the actors involved in innovation is key to improving technology and 
innovation performance.   

The innovative performance of a country depends to a large extent on how actors within the 
economy relate to each other as elements of a collective system of knowledge creation and 
use, as well as the technologies they use (OECD, 1997). Which in many ways imply that 
there should be effective cooperation amongst actors and technologies - and this 
relationship should not be one-sized fits all. As argued by Abramovitz, the success of the 
national innovations system to encourage growth depends on the level of social capability. A 
country’s potential for rapid growth is strong when it is technologically backward but socially 
advanced (Abramovitz, 1986). This suggests that the existence of BRI innovations in China 
and India does not guarantee agricultural development in Tanzania. The Tanzanian society 
must be adequately prepared to receive the technologies for the anticipated benefits to be 
achieved – a matter our present study seeks to contribute to.  The extent to which 
agricultural mechanization technology value chains are ready to accommodate new 
knowledge from emerging economies requires investigation if policy direction is to be 
influenced positively. 

For instance, when Nakandala et. al. (2015) investigated technology and management 
strategies of firms in the rubber products and garments industries in Sri Lanka using the 
national innovations systems approach, they concluded that firms have heterogeneous 
capabilities for innovations. And thus for an efficient national innovation system, they 
proposed a pluralistic policy framework which addresses the needs of each of the 
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participants. Our present study supports this assertion, although in a different light. That is 
because of the heterogeneity in the characteristics of the technologies which are sourced 
from advanced countries and emerging economies, we might not be wrong to suggest that 
policies within the national innovation system to facilitate technology transfer in developing 
countries should be pluralistic if all sources of technology are to be accommodated.  

And in fact rightly so, Walz and Delgado (2012) demonstrate that because there are clear 
differences between China and India in terms of the importance of electric utilities, they each 
followed a different form of national innovations system policy to develop their now vibrant 
wind turbine Industries. Whilst China’s achievements were driven by government support, 
the Indian success story was induced by free markets. They conclude that there is not one 
successful way of developing the wind turbine industry and that different countries might 
have to follow different paths. Similarly, we argue that large scale rich farmers in Tanzania 
sourcing advanced country tractors from the EU, Japan and the USA are in many ways 
different from small scale capital constrained farmers who source their tractors from India 
and China. Thus policies to help these two categories of farms acquire mechanisation 
technologies should be shaped differently within the national innovations system. 

It is therefore not surprising that although China was a dominant producer and exporter 
considerable solar photovoltaic cells (PV), it was not until 2009 that we saw significant 
diffusion of the same technology in China (Fisher, 2012). Fisher shows there were barriers 
related to technology, policy and politics that hindered solar PV use before 2009 and these 
underlining factors had to be modified to change the status quo. This suggests that a policy 
environment can prevent an appropriate technology from getting diffused if no effort is made 
to ensure otherwise.    

Additionally, a recent empirical study by Mmari & Mpanduji (2014) which examined the 
diffusion of power tillers demonstrate that the country’s innovation system for imported 
mechanisation technologies is deficient and draws attention to some of the social capability 
and absorptive capacity gaps. They found that the time of introduction of power tillers, 
knowhow for their use and maintenance existed was limited. Spare parts markets functioned 
poorly, increasing the travel time required for accessing spare parts several folds. Market 
failure was also common place and the writers called for policies that will encourage scaling 
up training for participants in the value chain – matter which our present study contributes to 
by expanding the discussions on how the training programmes can be implemented.  

3. Conceptual framework and data sources  

3.1 Value chains and technology transfer  

Farmers in Tanzania can either invest in indigenous technologies (hand hoe or oxen plough) 
or invest in mechanized technology (power tillers and tractors). Indigenous technologies 
have proven to be inefficient1. The output per labour hour, all things being equal improves as 
one moves from the use of hand hoe, through oxen plough to tractors (and power tillers). If 
soil structure were conducive, then the ‘progressive’ farmer might naturally move from the 
use of hand hoes and oxen ploughs to the use of power tillers and tractors for tillage 

1 For example, it takes an average man 12 days of 5 hours of intensive work to plough 1 acre with a hand hoe. 
For the same parcel of land, it takes a pair of oxen with two operators two days of 5 hours’ work each.  When a 
power tiller is employed for the same assignment, it takes an average of 3.5 hours with one man. The average 
tractor ploughs an acre within an hour with one operator (Key informant interview with a mechanisation officer in 
Tanzania, 2012). 
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(Mrema, Baker, & Kaha, 2008). Thus the farmer can choose2 a power tiller or tractor from an 
advanced country (Matured Market) hereafter, MM or an Emerging Economy hereafter, EE  

The choice of an MM or EE have varying implications on employment, output, incomes and 
capability building of value chain actors3 (Stewart, 1977; Ruttan, 2001). That is for any two 
sources of technologies with varying characteristics, they impact differently on participants in 
the value chain - thus requiring different strategies at each point in the chain to enhance 
efficiency and prevent market failure. Figure 1 shows the main types of tillage technologies 
available to the Tanzanian farmer. Route A on the diagram represents indigenous 
technologies which are excluded from the present analyses. The paper concentrates on 
Route B. Under Route B, there is a choice C, to be made between tractors and power tillers 
with MM or EE origins. There are also actors, D comprising of users (farmers and operators), 
financial institutions (intermediaries), dealers (importers and distributers) and service 
providers (spare parts sellers, repairers and local fabricators). Finally, there is government F 
(in the form of regulation, extension and policy provision), participating to ensure overall 
efficiency of the system. Each of the actors in the system plays a different role and these 
roles, depending on the choice made affects the nature of the role to be played and the 
outcomes so derived, E. 

 
Figure 1: Farm power technology transfer and diffusion in Tanzania 

 

2 Assuming that under our present objective of improving productivity, hand hoe and oxen ploughs are not 
promising enough. 
3 In the same vein the intersection of MM and EE which represents machines which combine characteristics of 
the two sources will also have varying impacts on output, income, employment and skills. 
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1. Dealers (importers and distributors) import of the and distribute technologies within the 
country to sales agents and sometimes directly to farmers. The machines they import are 
dictated by what manufacturers have on offer, signals from users and their own financial 
situation. The dealers may borrow from financial institutions to finance the imports or use 
their own capital.  

2. Farmers (users) purchase imported machines for tillage. They may borrow from financial 
institutions.  to finance their investments. Large scale farmers sometimes buy their own 
tractors from abroad, without the help of importers.  

3. Service providers like repairers and spare parts sellers also work in close collaboration 
with users and dealers. They provide parts for replacement and also provide regular 
maintenance and repair when machines break down.  

4. Banking and finance institutions provide dealers, users, service providers and government 
the right financial instruments for purchases and administration of subsidies.  

5. Government through its institutions and agents offers a policy framework within which all 
actors operate. Regulatory, information services provision, taxation, subsidies and standards 
inspection are the main roles played by the government. Education, training and expertise 
building through extension activities and traditional school systems are also led by 
government.     

3.2 Data sources and summaries  

To address our research questions, we relied on field data collected on value chain actors 
described in section 3.1. A mixed method approach was used. First, five field observations 
were undertaken on during the farming season to study the machines whilst in use and 
examine them for overheating, stress resistance, vibration, noise and fumes released.  
Second, six focus group discussions and fifteen key informant interviews were carried out 
with major participants in the value chain. The focus group discussions included people who 
hire power tillers and tractors, extension and mechanisation officers, mechanic apprentices, 
repairers and women groups. District chief executives, district administrators, extension 
officers, educational Institution heads, mechanisation instructors, spare parts vendors and 
finance experts across the regions in Tanzania were our main key informants. Third, two 
hundred and twenty-five surveys were conducted with owners of tractors from both MM and 
EE. For triangulation purposes and to understand the technology transfer process and the 
supply of spare parts, importers and distributors were interviewed. The main findings from 
the data sources are compiled for power tillers and tractors from the MM and EE sources 
(See Table 1). 
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Table 1: Differences between MM and EE farm mechanisation technologies 

Characteristic differences  
Power tillers Tractors 

MM EE MM EE 
Basic engineering differences 

    Horsepower 13.00 15.50 73.00 60.00 
Economic life 9.50 3.50 9.00 5.40 
Man hours spent per acre (Hours)  2.65 3.50 2.00 2.67 
Acquisition and operational costs 

    Replacement cost (000000TSH4) 14.50 7.00 62.50 35.00 
Cost of repairs per season (000000TSH) 0.50 0.30 5.20 5.80 
Cost of spares per season (000000TSH) 0.60 0.35 2.80 5.10 
Travel distance for repairs (Km)  2.00 0.80 29.60 8.20 
Travel distance for purchases (Km) 329.00 273.00 252.00 171.00 
Warranty (years) 2.00 1.00 3.00 1.00 
Contribution to growth     Acres ploughed per day 3.00 2.40 7.50 6.00 
Employment per time (count) 1.00 1.80 2.00 2.00 
Total employment in last season (hours) 187.00 200.00 315.00 252.00 
Capacity utilization (%) 67.50 40.50 30.00 25.00 
Physical ratios and productivity      Physical ratios (K/L) 0.09 0.04 0.10 0.06 
BCR 0.11 0.25 -0.40 -1.13 
Pollution and ergonomic Indicators5     Vibration 3.06 4.13 2.78 3.02 
Noise 2.89 4.27 3.08 3.23 
Smoke 2.47 4.00 3.07 3.22 
Observations (N) 36 50 36 51 
Source: Agyei-Holmes (2014) 

     
In general, both tractors and power tillers of MM origin are more durable and more efficient 
compared with the EE ones. However, whilst MM tractors have averagely higher 
horsepower, we observe the reverse for power tillers. Similarly, it costs more to buy and 
operate MM power tillers than the EE ones. On the contrary, although MM tractors are more 
expensive to procure, the operational costs for EE ones are significantly higher. Additionally, 
for both tractors and power tillers, it is more difficult to find a repairer for MM machines than 
EE ones. The travel cost involved in accessing spare parts for power tillers is relatively 
higher for MM ones. For large tractors, the opposite is true. In terms of employment, power 
tillers from the EE are more viable than the MM ones and vice versa for tractors. Generally, 
MM machines are more capital intensive. In terms of profitability, we observe that the MM 
ones do better when it comes to tractors but fails to do same for power tillers. On the whole 
MM machines are more environmentally and user friendly than EE ones. 

4 TSH=Tanzanian Shillings 
5 1-lowest; 2-very low; 3-low; 4-neutral; 5-high; 6-very high; 7-highest 
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4 Defining and addressing the gaps between the old and new order   

As demonstrated in Section 3, there are 5 major agents along the value chain of 
mechanisation technology transfer in Tanzania. We discuss each of these in turn highlighting 
some of the challenges posed by the plethora of existing strategies to the effective transfer 
and diffusion of emerging economy machines. Here we address the two research questions 
concurrently. That is under each of the five actors we first examine the status quo and lay 
them side-by-side with the relevant characteristic of the new technology to see if the way in 
which that particular actor is currently playing its role is useful or otherwise. In instances 
where they are not, we offer some suggestions for change. Let us begin with dealers. 

4.1 Dealers: importers and distributors 

There are over forty companies engaged in the importation and distribution of agricultural 
machinery in Tanzania6. The head offices of these firms are concentrated in Dar es Salaam 
with a few scattered in regional capitals like Arusha (an important trading and agricultural 
centre); Morogoro (singled out as the grain basket of the country) and; Tanga (home to 
many cash crop farmers). Generally, older firms focus on MM machines with large scale 
farmers as their target market whilst the newer firms concentrate EM machines targeting 
capital constrained farmers.  

Data generated from key informant interviews and cross-validation with farmers suggest four 
important characteristics of the old order of technology transfer with regards to dealership. 
These include; a) the nature of machines imported and the extent to which the 
manufacturers understand the local context; b) effectiveness of distribution networks and 
after sales service; c) supply of spare parts and; d) one-off importation of a unique brand. 
We shall discuss these in turn. 

First, the question of whether manufacturers of EE tractors understand the characteristics of 
Tanzanian soils and that a one-sized fit all type of tractor may not be appropriate for all 
regions is key. Whist soils in the Dodoma region are lighter and easily accommodate tractors 
from India and China, no matter how low quality the materials used for their fabrication may 
be, the same cannot be said for soils in the Morogoro Region (Agyei-Holmes, 2014). A fact 
which EE importers must relay back to manufacturers in China and India and if possible 
bring in their experts to take soil samples for analyses. MM dealers need not worry about 
this issue because in the manufacturers from the EU and Japan have subjected their 
machines for testing and modification to suite almost all soils in SSA. In addition, MM 
machines as demonstrated in are strong and durable (Table 1) - thus can withstand many 
soil terrains. So although importers took this feature of tractors for granted in the past, they 
can no longer do so under the new era of EE machines. As noted by an extension officer:  

“…Chinese machines can’t be treated in the old capital goods sense…they are 
fragile and care should be taken in terms of where it can be used. I have had a 
Japanese power tiller for nearly 12 years. Some friends acquired Chinese tillers less 
than three years ago and they are already damaged under similar soil conditions” 
(Key informant interview with an extension officer in Mbeya, 2012) 

Second let us consider the distribution networks of the firms responsible for transferring the 
tractors from source countries into Tanzania. It is a requirement by the Tanzanian regulatory 
framework for all licensed importers to have a minimum number of distribution agents to 
facilitate after sales services (Focus group discussion with tractor testing engineers in 
Arusha, 2012). However, such infrastructure is poorly developed. Dealers argue that it is 

6 Field interviews with mechanisation experts in Dar es Salaam, 2012 
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difficult to comply with this requirement because of the paucity of effective demand. In the 
words of one dealer: 

“…the highest number of tractors and power tillers I have sold in a year is 60, coming 
to an average of 2 per region across Tanzania. Imagine I had a sales and service 
centre in those regions, it would be impossible to finance the housing, labour and 
taxes associated with it. That is why we ask the owners and users to give us a call 
when there is a problem; then we can dispatch technicians in a day or two to handle 
it for them” (Key informant interview with a marketing and sales manager of a tractor 
importing company in Dar es Salaam, 2012). 

Although the position of this dealer with MM tractors orientation sounds logical, the actual 
factor underpinning this posture has to do with the fact that many of their clients are large 
scale farms which can afford to have their own in–house mechanics, a luxury which small 
scale farmers cannot afford. The downside to this issue is that newer firms which are 
importing EE machines seem to be following a similar trend, a situation which must be 
nipped in the bud if the poor producers who are being targeted for mechanisation are to 
benefit. The second part of the above quotation suggests that upon a phone call a dealer will 
respond immediately to a farmer. Field evidence suggest otherwise. Sometimes it takes 
several weeks for the dealer to come to respond, causing tillage delays. And in fact one of 
the main foundations for switching from hand hoes to tractors is to make field operations 
timeous. Thus such delays put the poor farmer’s investment in jeopardy.  To ensure that the 
farmer derives maximum benefits from the EE machines, this ought to change. One of the 
ways through which this problem could be addressed is division of labour by firms spatially. 
Firms should consider dividing the country into mechanisation zones and mandate the 
strongest firms within particular geographical areas to develop and operate service centres 
in the corresponding zones. To ensure that their service is universal their mechanics should 
be given basic training in the repair of other tractor brands that are found in their zone so 
that if a farmer in their zone has a problem but his or her original supplier is in another zone, 
they could be given some basic help whilst they wait for permanent support.   

Third is the issue of spare parts and how well importers and distributors are supporting the 
user to get access to them. At the national level every tractor imported for agricultural 
purposes has both VAT and import duty waived at the time of this research. In addition, for 
every tractor import a 10% worth of spare parts (in relation to the value of the tractor) can 
also be brought in without VAT and import duty. Some dealers stop importing more spare 
parts after this first freight of tax free spare parts even if the farmers who bought the tractors 
need them. Whilst it is not out of reach for large scale farmers demanding MM machines to 
place an order on their own for spare parts from the manufacturing company abroad, small 
and medium scale farmers relying on EE machines have limited capacity to do so. How do 
we ensure that the poor farmer is not left in a limbo because dealers refused to import spare 
parts? To start with, we must be made aware that the main reason why government 
subsidies on spare parts is not perpetual is because of the practice where some 
businessmen and women undertake to import spare parts specifically for the agricultural 
sector, enjoy the tax reliefs but yet use those imports for other industries aside from the 
agricultural sector (Agyei-Holmes, 2014).  

Consensus gathered from the field engagement with experts suggest that the tax relief could 
be maintained for continuous importation of spare parts. However, to ensure that there is 
close monitoring so as to deliver them to farms, the Tanga Port of Tanzania which is 
relatively less busy compared with the Dar es Salem Port should be used for clearing 
agricultural machinery and spare parts. In addition, a specific team of the internal revenue 
service established to follow-up on these spare parts once they enter the country should also 
be attached to the Tanga Port. This will ensure close monitoring to prevent the spare parts 
from falling into the hands of the construction industry, for example. There were other key 
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informants who were of the view that, subsidies on tractor spare parts should be completely 
removed and importers tasked to bring in sufficient stocks as and when farmers need them. 

Fourth it is also important to note that there have been instances where dealers who are new 
entrants in the business come in, import a very unfamiliar brand from the EE and after a year 
or two disappear from the scene. This leaves farmers who bought such tractors without any 
support for spares, service or technical advice. For the old order this was not a huge 
problem since in many instances one could interchange some spare parts across brands 
and so if one was not available another could be relied upon. To forestall such occurrences 
specific attempts should be made by the Mechanisation Department of the Ministry of 
Agriculture and Food Security.  Incorporating into the terms of reference when issuing 
licenses for importers to some regulations concerning steps to be taken before folding-up so 
that farmers do not suffer unduly will be critical. Once again this has not been a constraint for 
MM users by their nature, since they have enough capital to scout around the world for such 
services and spare parts if the dealer fails to provide. 

4.2 Service providers: spare parts dealers and repairers 

When warranty offered by importers and distributors expires local mechanics and spare 
parts dealers undertake repairs and maintenance. Many of these repairers are more familiar 
with MM machines and now beginning to pick up techniques for dealing with EE ones. 
Because the EE machines breakdown often sometimes their owners misconstrued that the 
repairers are inefficient. This situation requires regular fora in farming communities to ensure 
that farmers and repairers have a common understanding of the strengths and weaknesses 
of the EE machines. Repairer-user conflicts can be reduced if not totally avoided through 
such a forum. That said the conception that capital goods breakdown less often as the old 
order of MM had it must be discarded completely or modified so that more mechanics can be 
trained to address the scale of breakdowns associated with EEs.  

Another confusion associated with EE machines but not MM ones is the prevalence of fake 
spare parts. Until the advent of the EE machines, experts in the field suggest that fake spare 
parts were not very common. The main challenge is the numerous nature of firms in China 
and India and the difficulty associated with identifying culprits for appropriate sanctions 
application. This matter can be curtailed by tighter border controls to ensure that inferior 
spare parts do not enter Tanzania.  

4.3 Intermediaries: finance and support institutions 

The sources of capital for purchasing and maintaining farm machinery by the farmer are 
mainly savings from their farm business and non-farm businesses, loans from family 
members and sometimes friends. These modes of finance are informal. Some farmers also 
obtain loans without interest from traders who sell the equipment. Other groups of farmers 
finance the procurement of their equipment from formal loans obtained from commercial or 
development banks. These loans may come with intermediaries such as cooperative 
societies, district assemblies, input support trust funds and special private agricultural 
support units (See Agyei-Holmes, 2014). 

The main challenge faced by EE machine buyers is the fact that although their purchasing 
cost is much lower than MM machines, the qualifying conditions which allows them to obtain 
credit facilities from financial institutions do not vary to accommodate the price differences. 
There is a basic requirement by banks for a prospective farmer who wants credit to buy a 
power tiller to have at least 10 acres of land as a collateral. At the same time the price of an 
MM power tiller can be as high as three times that of the EE. To ensure fairness and 
inclusion, this collateral must be proportional to the price of the machine and not a flat rate 
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across board – an adjustment in the value chain required to ease the burden of the poor and 
smoothen the technology transfer process. 

Furthermore, although studies have shown that some EE power tillers are more profitable 
than MM ones, some financial institutions do not finance their purchases (See Table 1). A 
similar observation was made in the Mbeya Region where a cooperative society sourcing 
funds for its members to buy power tillers totally eliminated the possibility for members who 
wanted EE ones to do so. In an interview with the secretary of the group this is what he had 
to say:  

“…before we agreed to contract loans for our members we tasked a committee to dig 
into the merits of the two families of machines and they reported to us that the MM 
ones are better” (Key informant interview with a farmer cooperative group secretary 
in Mbeya, 2012) 

These issues need calculated attention to ensure that equal opportunity is given to people 
who cannot afford the MM machines to source the EE ones if there is room to do so. With 
the new evidence presented in Table 1, banks and cooperatives should be encouraged to 
give prospective owners the opportunity to acquire EE machines. 

4.4 Users: farmers and machine operators 

There are significant differences between the two sets of technologies which require 
differentiated user approaches to ensure that maximum benefits are derived. First, the notion 
associated with advanced country tractors and power tillers that capital goods lasts a long 
period of time should be disregarded. Capital goods are in a sense being converted into 
variable inputs in the EE sense. That is whilst an average tractor and power tiller from an 
MM source may be used for 9.5 and 9 years respectively; users of EE machines should 
condition their minds at the onset that their tractors will last an average of 5 years and their 
power tillers 3 years. This expectation management does not only put the owner of EE 
machines at ease but also reinforces the point that within this limited period of time the 
necessary attention and care should be taken to recoup the investment. MM users might 
have the luxury of time but EE ones do not.  

Second strategies around the purchase of equipment from EE sources must be spot on in 
terms of timing. With a shorter lifespan, stocks of new EE machines should be taken just 
before the start of the season. As has been the case for many users there have been 
instances when the transaction procedures associated with procurement of new machinery 
has taken so long that they only receive them after the growing season. In such instances 
capital is locked up for a period of about 10 months. At the same time if the equipment is 
purchased through a credit facility the financial institution will be demanding monthly 
instalments. This is particularly a big challenge for EE users who are mostly capital 
constrained and have a shorter period to pay back loans. When a machine is left idle for a 
year, the cost implications on one which has a lifespan of 12 years is likely to be less than 
another which has a lifespan of 3 years.   

Third, the robustness of MM machines suggests that even if they are used by inexperienced 
operators or by operators who are not careful enough, the machine will still be intact. 
However, because EE machines are fragile, if the operator is careless the farmer might not 
realise his returns on investment before the machine is scrapped. To ensure this balance, 
owners of EE machines should insist operators receive the requisite training before handing 
over the machines to them. Such a training might come at a cost, but cannot be compared 
with the challenge to be borne if a new tractor or power tiller is destroyed by an incompetent 
operator. 
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EE machines are noisy and can damaging the ear. They generate thick smoke and can 
affect the lungs of users. They also vibrate a lot and can have negative impact on the spine 
of users especially for power tillers. EE power tillers also overheats easily and creates 
discomfort for the user. Because of these limitations of EE machines users (operators) must 
use protective clothing to prevent the likely occupational hazards which are not common 
place for MM machines.  

 

4.5 Government: policy makers, testing officers and training centres   

As a regulator government maintains standards and manage subsidies. Another minor role 
government institutions play is training and information dissemination. We shall take these in 
turn and identify the gaps for the new market. 

Government testing office for tractors is in Arusha. It has a staff strength of five engineers 
and other auxiliary staff. All five of these testing officers were trained in Japan at a time when 
many of the tractors in Tanzania came from MM sources. However, with Chinese and Indian 
machines becoming popular in Tanzania efforts to understand those markets by training 
some experts in those countries can be valuable.  

Stricter enforcement of standards and information flow between the testing office and 
potential buyers needs improvement. Current standards testing regimes for imported tractors 
do not mandate importers to test their machines. Quality problems which face MM machines 
are minimal compared with EE ones. So although we can afford to overlook this issue for the 
MM machines, a similar position will not help the EE wave. Changes to this status quo is 
required to ensure that specifications in machine manuals present the true quality of 
equipment. Since EE machines fragile, farmers should know the exact quality of what they 
are buy to prevent surprises during usage. One of the ways to make information about 
machine quality available to prospective buyers is to give copies of test results on new 
models of tractors to district mechanisation officers for onward distribution to farmers.  

Recent proposals to develop a mechanisation policy for Tanzania could be a vehicle for 
addressing regulatory gaps. The policy could be used as a tool for setting quality 
benchmarks. These bench marks must however be considerate of the fact that demand for 
higher engineering quality will come with machine price increases. The standards should be 
moderate, recognising many users are capital constrained and any benchmark which 
eliminates EE machines could inhibit access.  The development of an accurate 
benchmarking regime will require strong collaboration amongst officers at the Mechanisation 
Department, Testing Officers, Project Managers of Financial Institutions, Dealers and 
Manufacturers (if possible), and Farmer Group Leadership to ensure that the interests of all 
agents are catered for.  

It is also important to flag the point that the two main mechanisation training centres visited 
in Moshi and Morogoro during field work suggest that a greater proportion of the tractors and 
power tillers being used to train prospective mechanics and operators are advanced country 
ones. Thus overlooking the fact that the new paradigm is one which should concentrate on 
emerging economy machines as they are becoming more popular. This matter can be 
addressed through the administration of the two institutions by electing to procure both MM 
and EE machines in future when they plan renewing stocks. 

5. Conclusion and policy implications 

This paper supports the argument that power tillers and tractors from EEs considered to be 
BRIs have the potential to promote agricultural growth in Tanzania (Clerk, 2009; Agyei-
Holmes, 2014). The paper finds that the EEs are in diverse ways different from MM 
machines and so a modified technology transfer system is required. We thus add to the BRI 
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literature by noting that without the right technology transfer framework and innovation 
system, their potential benefits could elude Tanzania and in fact other countries in SSA. A 
positive response to this call will be to pay particular attention to the national innovation 
systems within which this technology transfer is taking place. Clearly all actors within the 
chain have absorptive capacity challenges (Lane et al., 2001; Mmari & Mpanduji, 2014) and 
social capability deficits (Abramovitz, 1986) which requires modifications for improvement. 
The study therefore suggest some considerations for policy. 

First, at the importer level dealers must recognise that EM machines are not one-sized fits all 
and so a lot of consideration should be made to ensure that the right quality of machines is 
supplied to farmers with the appropriate soil types. The distribution of EE machines should 
not end at the sales point – distributors must continue to supply spare parts and repair 
services to users; since unlike MM users, EE users do not have their own resources to cater 
for these activities. Some of these desirable industry practices must be weaved into the 
certification process which allows dealers to import tractors so they take them as mandatory. 
An annual review of dealer performance in relation to the set criteria before renewal of 
certification to do business could go a long way to help. 

Second, with regards to fake spare parts which have become the order of the day since the 
advent of the EEs, it might serve a good purpose for unannounced visits to warehouses of 
spare parts importers by appropriate authorities. Stocks which have not been sanctioned by 
the standards board could be seized to serve as a deterrent to other actors who might be 
planning to do same – of course these are not novel ideas but if taken seriously we could 
flush out some of the counterfeit spare parts dealers to save unsuspecting farmers from the 
ordeal of throwing money down the drain. After all our original objective was to encourage 
growth and not to take money out of the pocket of farmers. Third, financial institutions must 
also be encouraged to take the case of small tractors from EEs seriously, since our study 
shows that they are more profitable than the MM ones. In addition, valuation of requisite 
collaterals that qualify farmers to borrow for the acquisition of farm machinery requires some 
parity. The relatively low cost of EE machines must go into the equation. Less should be 
required of EE buyers since EE tractors are relatively cheaper and consequently reduces the 
risk of lending all things being equal.  

Fourth, at the user level at the user level operator training is critical. EE machines are fragile 
and so at best they should be handled by more experienced operators. If EE machines are 
to live their full lifespan and provide the anticipated benefits thereof, first time users and 
inexperienced operators must only be allowed to use them with great caution. Finally, with 
these new EE technologies coming on board, it is important that the skill sets possessed by 
government institutions and agents should be tailored to accommodate them. For example, 
machine testing officers who are locked-in into MM technologies should be given the 
opportunity to upgrade their knowledge on the EE ones also. Educational institutions should 
certainly modify their training courses and develop models which deals with the peculiar 
nature of EE machines. Since many SSA countries have similar socio-economic conditions 
as Tanzania, they could also draw on some of these suggestions as they attempt to develop 
their own absorptive capacity and social capability for the transfer and diffusion of EE 
technologies. 
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