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Agriculture in development

Agriculture is the largest production sector in most developing countries.  For example in Sub-Saharan Africa, an estimated 70% of the economically active population is engaged in agriculture (Wiggins, p.631).  In addition, agricultural produce forms a large component of consumption.  

The development of agriculture involves producing food for those working in the agricultural sector, and producing food for those working in the rural non-agricultural sector, for people in urban areas and for export markets.  

Increasing living standards entails increasing the provision of non-agricultural goods and services, as these are the goods and services for which there is rising demand as incomes grow.  In theory, higher living standards could be attained by higher labour productivity in agriculture alone, increasing exports of agricultural goods and importing non-agricultural goods.  However in practice, increasing labour productivity in agriculture is more difficult than in non-agriculture, due to the greater pervasiveness of economies of scale in manufacturing.

Therefore rising labour productivity is very much connected with expanding the manufacturing and services sectors in the economy.  In order for this to happen, the non-agricultural sector needs growing amounts of labour.

Factors affecting potential gains to increases in land productivity and labour productivity 

In closed economies where growth in population is not sufficient to provide increased labour to non-agricultural sectors, a transfer of labour from agriculture to non-agriculture is necessary.  This necessitates increasing the labour productivity of agriculture.

In closed economies with growing populations, feeding a growing population with a given amount of land involves increasing the land-productivity of agriculture.  Even if agricultural labour productivity does not increase, this does allow growing living standards, if at a slower pace.  The numbers employed in agriculture must grow in proportion to population growth in order to maintain a per capita food supply.  This does not allow the non-agricultural sector to have a growing proportion of labour, but does allow it a growing absolute amount of labour.  The increases in productivity in the non-agricultural sector mean non-food prices fall relative to food prices and the non-agricultural sector trades increasing amounts of its goods for a given amount of food (so farmers gain), and also increases the amounts of non-food it can consume (so non-agricultural workers gain).  In this way, while labour productivity in terms of the volume of food produced per farmer does not increase, the purchasing power of agriculture measured in terms of agricultural value (price x volume) and deflated according to a general price index (which is rising less quickly than agricultural prices), increases.   The purchasing power of non-agriculture rises if labour productivity in non-agriculture rises faster than the declining terms of trade.

Hayami and Ruttan analyse agricultural intensification in terms of these two “alternative” paths – labour productivity and land productivity. (p.73)  They propose that increasing labour productivity typically involves labour saving technology such as machinery and use agricultural development in the USA as an example.  Increasing land productivity typically involves technologies such as using higher-yielding plant varieties and fertilisers, with Japan used as an example.

They argue that the path of intensification depends on the relative abundance of land and labour, and translate this into arguing that the relative price of land and labour, and the changes in relative prices, are significant for the pattern of agricultural development. (p.88) Olmstead and Rhode (p 102) have pointed out the confusion that exists in the literature between relative abundance, relative prices and changes in relative prices.

The concept of abundance is different for land and labour.  Labour is measured in hours and land is measured in area.  Using a given technology, there is a given land-labour ratio needed for food production.    If agriculture was the only sector in the economy, then land could be called abundant if the land-labour ratio exceeded this technology ratio, or labour could be called abundant if the land-labour ratio was less than this technology ratio.  Gains could be made through making the scarce factor more productive, thus changing the technology ratio.

However agriculture is not the only sector in the economy.  There is a potential for labour to be used in expanding manufacturing and services.  In the long run, increasing labour productivity of agriculture increases the labour available for non-agriculture and, if employment can be created, increases living standards.  That is, while labour may be abundant in the short run, it always has conceivable opportunity costs.  Labour is abundant to agriculture only if alternative employment cannot be created.

Given that large areas of land are not needed for manufacturing and services, however, it is possible for land to be abundant to agriculture.  Land is not abundant if all arable land is being used, and land is abundant when more is available to bring into use at little or no cost.

There are benefits to increasing land productivity if there is both a land constraint and either population growth or growing export markets.

There are benefits to increasing labour productivity if employment opportunities in non-agriculture are expanding faster than population growth.

Prices inducing innovation
Hayami and Ruttan propose that innovation is induced by the levels of, or changes in, relative land and labour prices.  However in my view it is more useful to look at land and labour productivity as separate issues, and see them as being influenced by the price of land and the price of labour respectively.

A land constraint and either population growth or growing export markets mean a growing price for land and this could induce innovation to increase land productivity.

If employment opportunities in non-agriculture are expanding faster than population growth, wages will be rising and this could induce innovation to increase labour productivity. 

Links between land and labour productivity
The only condition common to potential gains to labour and to land productivity is population.  A higher rate of population growth will increase the need for higher land productivity.  A higher rate of population growth with a given growth in non-agricultural employment will decrease the need for labour in non-agriculture, so decreasing the need for higher labour productivity in agriculture.

If potential types of innovations are unlimited, there is no reason to suspect that there is a trade-off between land productivity and labour productivity, i.e. it is conceivable that there could be innovations which increase one, the other or both.  Different innovations could comprise different degrees of each.  

For example in some of the area case studies compared by Wiggins (in parts of Zambia and Tanzania), pressure on land and natural resources is low and so success in increasing labour productivity has been related to expansion onto new land.  (p. 636) However in such circumstances there are also benefits to intensification and increasing labour productivity.

Factors affecting increases in productivity

However, analyzing changes in the relative prices of land and labour through comparing whether the land price to labour price ratio is greater in one country than in another, deriving consequences for the choice of technological change being land-productivity or labour-productivity focused, is limited in my opinion.  

While the above conditions determine the potential social gains to increases in land and labour productivity, they do not determine whether these gains are realised, and which paths of technological change are actually followed.   

Theories of technological change

Theories of technological change have been organised around market-driven and science-push ideas.  

Market driven

Proposing that the above factors determine the type of technological change is a market driven argument.  It assumes a world where a full range of technologies are available to be “picked off a shelf”, that people who cause productivity gains appropriate the gains, and that the choice of technology is independent of previous choices of technology.  In such a world, an actor would pick a technology according to how effective it was in fulfilling social needs for increased land or labour productivity, and would gain through doing so.

Science push

Science push theories argue that technological progress is determined by scientific breakthroughs, which are exogenous and unrelated to economic institutions or market conditions.  In a linear model of technological progress, invention (the creation or discovery of a new idea) is followed by innovation (the first application of the idea to meet a need or demand) and then diffusion (the wider adoption and adaptation of the idea throughout an economy).  (Kennedy and Thirlwall)

At local levels, new methods of agricultural production are often developed through chance and trial and error.  Existing ways of production provide a framework in which changes take place and so change can be path dependent and evolutionary, rather than mechanically chosen. (Hall)  Graaf highlights the problems of analysing choices of technology using micro maximisation of a variable (such as utility or profit or productivity).  Technological changes often have uncertain consequences for production relationships as well as productivity, and outcomes may have subjective values.  He emphasises the role of traditions and technological “fashions”.  Critiques of the Green revolution (Griffin) draw attention to the dependence of and effects of technological change on income distribution, and on access to resources by gender and by class.

Institutions and productivity
While narrow views of technological change focus on the mode of production, wider views also consider changes in marketing and distribution methods, or in forms of social organisation which can also increase productivity. (Schumpeter)

In most countries, there are institutions, both governmental and non-governmental, which have increasing productivity as an explicit goal.  Public research institutions can have a large bearing on technological change through their goals and policies.  Publicly funded diffusion institutions such as extension services, together with the type of communications available, and the education levels of “recipients” of these services are also important.  Feedback mechanisms to research institutions and collection of feedback data affect the direction of this wider social trial and error.

The effectiveness of different types of agricultural technology is highly dependent on the characteristics of particular places, in terms of soil, topology, insects, temperature and rainfall patterns and so on.  This has consequences for the diffusion process - innovations which increase productivity in one area may either be unsuccessful or may need to be adapted in another.

Even if an innovation is successful in the physical conditions, its acceptance and its effects will depend on class systems, gender divisions of labour, credit institutions and market structures.  Technological change is affected by institutions other than those explicitly designed to affect it, such as research and extension institutions.

Market structure
Market structures are of importance in determining the incentives to increasing productivity.  Wiggins analysis the relationship between market access and successful productivity increases in different contexts in Africa.  Market access consists of rights to sell, physical access through transport and high sale prices (determined by market power and numbers of sellers, and incomes and numbers of buyers) and the ability to buy demanded goods (incentive goods) with the proceeds. 

In many African economies such as Zambia, Tanzania and Mozambique, distribution and marketing have been centralised and prices regulated.  Michael Lipton has argued that policies in many developing countries have been characterised by urban bias.  In order to provide incentives for industrialisation, the prices of agricultural goods were kept low.  This was done through import substitution, which results in high prices for domestically produced manufactured goods instead of low priced manufactured imports, through the acceptance of food aid which keeps agricultural prices low, and through restrictions on marketing and distribution through state price controls and monopolisation of distribution. (Lipton, Hewitt de Alcantara,p.9)

One aspect of IMF / World Bank structural adjustment programmes is to raise agricultural prices and privatise marketing and distribution in order to increase incentives.  (Hewitt de Alcantara, p.2) However, without attention to the capacity of private market institutions to take over this function, this policy cannot be effective.  For example, in Zambia from 1991 to 1994, state support was withdrawn from co-operative boards which previously had marketing, extension, and credit provision and collection roles.  However, private traders failed to adequately enter the market.  This highlights the importance of other aspects of market structure such as transport infrastructure, credit institutions and institutions allowing the spread of knowledge of prices and market information. (Chiwele et al, pp 43-45)  

Schultz highlighted the importance of access to inputs and credit institutions, and proposed lack of credit was the main impediment to increasing productivity.   Credit is also important for allowing investment in storage and transport equipment to access markets.  However, access to credit is dependent on the relationship between creditors and creditees.  Credit institutions involve banks providing loans, schemes which provide inputs in return for a share of output so bearing some of the risk, and credit through family, business and political relationships.  

Wiggins highlights the trade-off that may exist between economies of scope in the same institutions being involved in credit provision, input provision and marketing, and the market power that such institutions can wield, especially if they are not state controlled. (p 638)  For example in Bangladesh, credit, labour, land and food markets are interlocked through the relationships between landlords, moneylenders and merchants, and participation in one market affects the terms of participation in another (Crow and Murshid in Hewitt de Alcantara, pp.36-39).  While state institutions playing a role in credit, input and marketing have had very negative effects on efficiency where they have been monopolistic, they can play a supportive role where use of their services is voluntary, as the important role of state marketing of Maize in Zimbabwe has shown (Hewitt de Alcantara, p.6-10).

Transport infrastructure and transport services are very important in order to have access to non-local markets.  Competition and market structure in trade and transport have a large bearing on the prices paid to farmers in relation to selling prices.  However, in providing new transport infrastructure, attention must be paid to its effects on land values and social differentiation.  (Fairhead in Hewitt de Alcantara, p.20)

The ability to sell locally is affected by local purchasing power which is in turn affected by the scale of the rural non-agricultural economy.  Analysing synergies between rural agriculture and non-agriculture, and the location of non-agricultural projects is therefore important.  (Wiggins p. 639)

Technological change and public goods
Transport infrastructure mentioned above is an important public good influencing market access and so incentives.  However public goods also play a key role in enabling productivity growth directly.

In many areas of Asia, water control is a crucial aspect to agricultural development (Ishikawa). For example in India and Bangladesh, the success of high yield varieties and fertiliser use are highly dependent on water levels being high enough to support the plant and yet not rising faster than the pace at which the plant grows in order not to drown it.  (Boyce p.163)  However, technology which allows the control of water through irrigation and drainage is not divisible and involves large areas of land.  If there are large numbers of small farms, the use of water control and hence high yield varieties and fertiliser on which they are dependent, must be organised collectively.  

A solution based on consolidation of farm holdings, with the landowner investing in irrigation and appropriating the gains, could have many negative consequences.  Large landowners could mean local monopsony power in the labour market so lowering wages and decreasing the ability to use land assets as a buffer against bad harvests.  Large farms have lower land productivity and diseconomies of scale due to the costs of supervising labour and the structure of the labour market.  For example in Bengal during the peak labour season, small farms can draw on family labour and co-operate through exchanging family labour, while this is not available to large farms due to the social status of wage labour.  (Boyce, pp. 210-203)

Irrigation infrastructure requires construction, maintenance, and methods to govern the timing and allocation of water to different parts of land.  It is a public good in many ways - the benefits of the existence of irrigation infrastructure accrue to large numbers of farms (for example over 100 average sized farms in Bengal).  An individual bearing the costs of construction and the labour costs of maintenance does not allow that individual to benefit more from the infrastructure.  Farms nearer to canals and pumps can avail of water at the expense of downstream farms without bearing more costs. (Boyce pp. 229-233)

Due to the fact that it is a public good, public provision of infrastructure by the government may be seen as an answer.  However while governments can successfully organise the construction of infrastructure, ongoing maintenance and water allocation management by government employees can be very costly.  The management of access to water by farmers themselves, however, can be problematic due to social differentiation, the power of larger farmers to insist on water access and sometimes their interest in depriving small farmers of water in order to force them to sell land. (Boyce, pp.233-234)

One option to resolve these problems include government construction, maintenance and allocation management of irrigation infrastructure, together with strong accountability mechanisms to avoid rent-seeking and bribery and to ensure allocation of water in an equitable way.  Other options include markets for water, in which firms construct infrastructure and charge fees for its use, or public provision of infrastructure together with “user fees” market mechanisms for allocation. (Dinar et al)

The feasibility, success and equity effects of schemes of this nature depend on local institutional conditions and wide institutional change rather than individual choices.

Conclusion

Population, land-constraints, the growth of non-agricultural employment and export markets determine the potential gains of increasing land and labour productivity in agriculture.  However, whether these gains are realised depends on capabilities: scientific knowledge, communications and physical conditions; and incentives: the organisation of public good provision, social structure and differentiation, prices, and market structures in food, labour, credit and inputs.

Designing and implementing policies to increase agricultural productivity therefore require a detailed analysis of the above factors in particular contexts.
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