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Introduction 

John Howell

In the literature on agricultural development in tropical countries, the 
role and performance of extension services warranted relatively little 
attention (relative, for example, to the role of credit, land reform or 
research) until the late 1970s when donors, particularly the World 
Bank, encouraged higher levels of investment. This investment was 
largely in the area of publicly-provided advisory services to small 
farmers cultivating a wide range of crops.

We need to dwell on the previous sentence for a moment as it defines 
the subject of this book. The recent level of interest has been in 
Ministry of Agriculture field services, which has meant a strong 
emphasis upon crop production activities: other, frequently non- 
Ministry, activities (livestock, fisheries, soil conservation, forestry, 
food processing, for example) have been less subject to investment in 
extension activities. Interest in extension has also focussed on technical 
aspects of agriculture. Although there is still a strong tradition of 'rural 
extension' (in Francophone Africa and Latin America for example), 
the general trend has been away from the multi-purpose extension 
activity which has stressed community development, adult education 
and the wider welfare and non-farm income aspects of agricultural 
development. Finally, there has been little new emphasis upon what 
have been the most successful agricultural 'extension' efforts   those 
which involve the integrated provision of extension, input supply, 
marketing and processing services for specific commodities and 
registered growers (ie the tea, cotton, rubber schemes often operating 
outside the Ministry of Agriculture).

In his seminal work on agricultural extension, Ted Rice drew the 
distinction between the extension function (involving many more 
agents than Ministry field staff in the process of disseminating
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information) and the extension service itself (which may undertake, in 
practice, a wide range of 'non-extension' activities). The term 
'agricultural extension' in this book is primarily used in the context of 
Ministry of Agriculture field services and it concentrates on the 
technical advisory, or 'extension', work of those field services.

Over the last ten years, agricultural extension has undergone major 
changes as a large number of countries, led by India, have reorganised 
their extension services. This reorganisation has been based on the 
view that most countries have a large, poorly-utilised, resource of 
field-level workers whose productivity   and thus impact on farm 
production   could be substantially enhanced by regular upgrading of 
technical skills, concentration upon a narrow range of tasks, and more 
regular contact with farmers. This approach   the Training and Visit 
approach   has also involved external donor support for the 
infrastructure of extension. Ministry facilities have been upgraded, 
research and specialist services become securely financed and input 
supply mechanisms improved.

However, as Judd, Boyce and Evensen have shown, it is not the case 
that all low-income countries previously neglected investment in 
extension. Using as an indicator the percentage of spending on 
extension to the domestic value of agricultural product, they have 
shown, for example, that sub-Saharan Africa   until the early 1970s 
  was investing more heavily than any other region, including North 
America. Yet the decline in importance of extension in the 1970s was 
only partly a matter of public expenditure priorities. More important 
had been the perception of the declining effectiveness of extension 
services. This decline is impossible to quantify, although the weight of 
first-hand assessment in the 1980s is difficult to contradict. In country 
after country the views of donor missions and Ministry of Agriculture 
officials (see Chapter 3) showed that extension services had been 
failing to support farmers adequately because staff were deficient in 
technical knowledge and lacking in the facilities to provide regular 
support.

In Africa, the major shift into extension investment was led by the 
Nigerian Government which used World Bank loans to instigate a 
series of extension-credit-input supply projects from the late 1970s. In 
the 1980s, governments in Eastern and Central Africa have used loan 
and grant finance to support more extension-specific projects, 
normally employing the Training and Visit approach. By 1985, the 
World Bank alone was financing over 50 projects in sub-Saharan 
Africa (Baxter) with a substantial extension component for which
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bilateral donors such as ODA and USAID have provided parallel 
grant support.

What has been the impact of this new level of investment? In looking 
at the economic returns to public investment in extension, it is difficult 
to attribute increases in production or incomes to extension per se, 
especially where investments are accompanied by changes in pricing 
policy or, for example, by the release of a number of new varieties. It is 
even more difficult to attribute, within the factor of 'improved 
extension', the precise weight to be attached to management   
regular farm visits, narrowing of duties, organised training sessions 
etc. Some evidence of improved agricultural output exists (see Slade et 
al. and Chapman for example) and only the severest sceptic would 
claim that recorded increases have been entirely unaffected by 
improvements in the deployment and management of field staff. Yet 
any arguments are unlikely to be conclusive. Even if extension in the 
broadest sense can be shown to have had a major impact on output, it 
remains very difficult to argue that the critical factor has been the 
particular mechanisms of publicly-provided technical advice (rather 
than the farmer-to-farmer promotion of newly-available technologies 
for example).

A more interesting outcome of the new level of investment has been 
the way that attention has shifted from some of the earlier 
controversies over Training and Visit (such as the use of contact 
farmers, and the insistence on dropping input supply responsibilities 
from extension agents' work programmes) towards questions of the 
appropriate role of extension in different environments, the financing 
of services and the links between extension, research, and farmer 
knowledge. In this way, the interest in extension has also moved from 
simply looking at extension impact, towards examining the wider 
context in which extension operates and towards some of the specific 
conditions under which extension is likely to prove effective and 
capable of being sustained financially.

For example, much of the literature on extension has assumed the 
major challenge is in the relatively low-input, traditional systems of 
production operating on the margins of the supply or modern 
technologies. As Byerlee's paper shows, there is likely to be a much 
more buoyant demand for technical and farm management advisory 
services in post- 'green revolution' agriculture. On the other hand, in 
the papers by Cousins and Sutherland, there is particular interest in the 
role of extension where the major agricultural challenge appears to be 
in the design and conduct of research in agricultural systems which
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remain poorly-understood and, in some respects, resistant to 
conventional extension approaches based on a series of crop 
recommendations.

In the final chapter, I attempt to set out what appears to be the 
general consensus on the role and management of agricultural 
extension which has emerged following a period of controversy over 
the T and V system (and the role of the World Bank in promoting it). 
The 'general consensus', however, does not represent much more than 
a clearing of the ground so that attention can be focussed where it 
properly belongs   on the complementary measures, in the system of 
public support for agriculture as a whole, that are necessary to sustain 
any improvements in extension services. These 'external' measures 
concern particularly the areas of research and extension collaboration, 
the development of support services to extension, and mechanisms to 
ensure that extension is appropriately financed. The management of 
extension services themselves nonetheless remains an area of 
considerable importance not least because it often provides an entry 
point for external assistance and because it is often a condition for 
financial support. In the concluding chapter I also attempt, therefore, 
to set out what appears to be a measure of agreement on the 'internal' 
conditions of effective extension.

The book as a whole reflects the work of members of GDI's 
Agricultural Administration (Research and Extension) network which 
I organised until 1987 and which, over the previous five years, 
concentrated on agricultural extension management. Two of the five 
papers (Sutherland, Slade et al.) first appeared as network discussion 
papers, and some of my own ideas first appeared as a discussion paper 
in 1984 as 'Conditions for the Design and Management of Agricultural 
Extension'. The paper by Cousins appears for the first time and 
Byerlee's paper is adapted from work originally undertaken at 
Michigan State. Some parts of the concluding chapter are drawn from 
a paper I prepared in 1984 for a World Bank workshop on Extension 
and Research in Kenya.



Agricultural Extension and the
Development of Farmers'

Management Skills 1

Derek Byerlee

An enduring theme in agricultural development theory over the past 
two decades has been Schultz's (1964) contribution on the efficiency of 
small farmers in traditional agriculture in allocating their resources 
and responding to price incentives   the poor-but-efficient 
hypothesis. This laid the theoretical justification for the high pay-off 
input, or science-based model of agricultural development, 
exemplified by the green revolution. A further implication of the 
hypothesis was that there were low pay-offs in traditional agriculture 
to extension and farm management efforts to encourage farmers to use 
existing technology more efficiently (Staatz and Eicher, 1984). In the 
two decades since Schultz's book was published, the rapid uptake of 
improved varieties and fertilizer technology has transformed the 
agricultural landscape in large areas of Asia where the image of a 
traditional subsistence agriculture no longer holds. The green 
revolution has also highlighted the role of agricultural research   
especially plant breeding research   in stimulating technological 
change.

But the very success of the green revolution with its emphasis on 
technical change may have drawn attention away from the importance 
of the human element in agricultural development (Jones, 1978). In 
particular, the widespread acceptance of the Schultz hypothesis has led 
to a relative neglect of efforts by research, extension and farm 
management to increase economic efficiency in farmers' resource use, 
and insufficient emphasis on upgrading farmers' technical skills and 
managerial ability. 2 The very assumptions underlying the hypothesis 
  that farmers in traditional agriculture have evolved over a long 
period an efficient system through accumulation of experiences and an 
intimate knowledge of their environment   have become outmoded
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by the rapid process of change introduced by the green revolution. 
Indeed, Schultz himself has persuasively argued that in a dynamic 
agriculture, farmers are continually in a state of disequilibrium and 
that there are high returns to better information and skills to improve 
farmers' economic efficiency (Schultz, 1975).

This paper argues that two of the major sources of agricultural 
growth in the past two decades in Asia   the spread of modern 
varieties and rapid increases in fertilizer use   have already been 
substantially exploited. A new and more complex second generation 
of inputs and management practices plays an increasing role in 
productivity growth, and investments in better information and skills 
of farmers to improve economic efficiency in using this wider array of 
inputs are needed to maintain the momentum in post-green revolution 
agriculture.

This paper is organised as follows. First, the increasing complexity 
of crop management issues facing small farmers in post-green 
revolution regions is described. Second, evidence of economic 
insufficiencies in resource use and the importance of farmers' 
information and skills in reducing these inefficiencies is briefly 
summarised. This leads to a discussion of institutional changes in 
research, extension and rural education aimed at improving 
information and skills of farmers and their implications for 
development strategy in the post-green revolution era.

Increasing Complexity of Crop Management
The green revolution involved widespread and rapid adoption of semi- 
dwarf wheat and rice varieties, especially in the decade 1967-77, that in 
turn, stimulated adoption of two other key inputs   nitrogenous 
fertilizer and improved supplies of irrigation water. By the mid to late 
1970s, high yielding varieties had been fully adopted in many 
environments, especially in irrigated areas of Asia. However, genetic 
gains in yield potential in successive generations of improved varieties 
have slowed and an increasing proportion of plant breeding research in 
wheat and rice is now devoted to 'maintenance research' to protect 
yield gains against breakdown of pest resistance (Plucknett and Smith, 
1986), 3 and to adapt modern varieties to less favourable environments. 

A similar situation also holds for the two other major inputs   
nitrogenous fertilizer and water. Fertilizer levels steadily increased 
rapidly for several years after adoption of high yielding varieties and
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explained much of the agricultural growth in the 1970s in Asia and 
Latin America (Scandizzo, 1984). Fertilizer levels are now increasing 
much more slowly. Investment to augment the resource base, 
especially irrigation facilities, is also slowing as only the more difficult 
and, hence, the more expensive investments remain.

Yet although the major sources of growth during the green 
revolution era have to a large extent been exploited, especially in 
better endowed irrigated areas, most observers agree that there are 
substantial opportunities to increase productivity through increased 
yields, reduced costs, and improved cropping systems. These 
opportunities largely depend on non-genetic gains in productivity 
through use of new inputs and more efficient use of existing inputs to 
exploit the genetic potential of existing varieties.

A wide array of 'second generation inputs' offers the opportunity to 
substantially increase productivity but at the same time greatly 
increase the complexity of crop management. For example, in 
irrigated wheat in Pakistan, farmers now commonly purchase five 
inputs   tubewell water, nitrogenous fertilizer, phosphatic fertilizer, 
tractor power and thresher services   none of which were in wide use 
two decades ago. In addition, an increasing number of farmers, 
especially in the Indian Punjab and in northwest Mexico use potash 
fertilizer and micro-nutrients, soil amendments, seed treatment for 
disease control, improved on-farm water management methods 
including precision land leveling, and more precise planting methods 
and spacing. Higher yields and increased cropping intensity also lead 
to increased crop losses from pests (in absolute terms) and pesticide 
use has become widespread, especially in rice. 4 At the same time, 
improved water supplies, earlier maturing wheat and rice varieties, 
and in some cases, selective mechanisation, have greatly expanded the 
opportunities for multiple cropping which require management of 
complex double and triple cropping patterns that sometimes includes 
new and unfamiliar crops.

In these evolving production systems, crop management is generally 
complex. Changes in practices required to sustain increases in 
productivity, while still quite profitable, do not provide the spectacular 
economic returns characteristic of the first round of inputs adopted 
during the green revolution. Hence, their successful adoption is more 
sensitive to the efficiency with which they are used by farmers. The 
wider array of technological options available and the interactions 
between them, requires farmers to identify a logical stepwise sequence 
for adoption that fits their agro-climatic and socio-economic
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circumstances. Interactions between technological components may 
also require adjustment in traditional inputs such as seed rates.

In multiple cropping sequences with two or three crops per year, 
management complexity is also increased by the need to sometimes 
make simultaneous decisions on management of each crop in the 
sequence. For example, in the cotton-wheat rotation of Pakistan, the 
potentially positive effect of introducing earlier cotton varieties on 
planting dates for wheat following cotton was largely cancelled by 
farmers' rapid increase in pesticide use for cotton which increased 
cotton yields and delayed the cotton harvest (Byerlee, Akhter and 
Hobbs, 1987). Likewise, crop rotation in more intensive cropping 
systems often plays a critical role in managing pest populations.

In addition, the technical environment in which these management 
decisions are made is unlikely to remain static. Increased yields and 
cropping intensity tend to deplete soil potassium and micro-nutrient 
reserves and lead to responses to application of these inputs. 
Application of phosphatic fertilizers has substantial carryover effects 
that eventually allow the application of lower maintenance doses. 
Control of broadleaf weeds in wheat reduces the competition for 
grassy weeds whose increasing population demands control measures. 
Increased supplies of tubewell water and higher cropping intensities 
complicate water and salinity control management in irrigated areas of 
South Asia. Unless farmers keep abreast of these changes in the 
technical environment, productivity may decline over time due to 
depletion of soil nutrients or pest build-up in intensive cropping 
systems. 5

The second generation inputs often require more information and 
skills for successful adoption than the earlier introduction of new 
varieties and nitrogenous fertilizer (Kahlon, 1984). While the semi- 
dwarf varieties, especially for wheat, are well known for their 
adaptability over a wide range of environments, the use of more 
complex fertilizers and pesticides often interacts strongly with 
variation in soil type and with year-to-year variation in climate and 
pest incidence. Hence, individual farmers need to adapt the 
technology to their own requirements and frequently there are 
substantial returns to managing inputs for individual fields and 
seasonal conditions within a farm.

Technical skills required to use the new inputs efficiently are also 
much greater than for a simple varietal change. An extreme example is 
use of integrated pest management (IPM) in rice in Asia. While the 
practice has potentially high returns to farmers and to society, it
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requires skills in identification of pest insects and beneficial insects, 
quantification of pest populations and damages, knowledge of 
threshold levels of pest damage, and skills in selecting the appropriate 
chemical, calculating the dosage and applying the product (Goodell, 
1984). Management complexity is further increased by the wide 
variety of inputs available. For example, one survey of 150 rice farmers 
in the Philippines recorded 38 different insecticides being used by 
farmers, many of them similar products under different names 
(Litsinger et al., 1980). Even the number of new wheat varieties 
available to farmers has tended to increase in order to provide 
different maturities to fit multiple cropping systems, and to reduce the 
risk of disease epidemics.

Hence, effective crop management in this post-green revolution era 
places heavy demands on the information and skills of farmers. In 
traditional agriculture, information is primarily generated internally 
by farmers. Although management in traditional agriculture is often 
complex, gradual changes in the resource base and the external 
environment, especially through population growth, allowed an 
evolution of farmer management to incorporate these changes based 
on farmers' knowledge of their environment accumulated over 
generations of farming. In the new science-based agriculture, 
however, the value of traditional knowledge rapidly depreciates as 
new inputs and cropping patterns are introduced.

In addition, the spread of semi-dwarf varieties was very rapid as new 
seeds and information passed from farmer to farmer, with minimal 
support from extension services after early adopters had taken up the 
technology. However, information flows from farmer to farmer for the 
second generation inputs are slower and less effective, since a much 
greater range and complexity of information and skills are needed.

In many post-green revolution areas, decision-making complexity in 
smallholder agriculture is now closer to the situation of farmers in 
industrialised countries (the levels of biochemical technologies are 
similar) than the image of traditional agriculture commonly held for 
farmers in developing countries. Just as farmers in industrialised 
countries have moved from a science-based to an information-based 
agriculture (Sonka, 1985), small farmers in the post-green revolution 
era are also entering this 'information age'. However, unlike farmers 
in industrialised countries who have had a relatively long period to 
adjust to a science-based agriculture, the increased demands on 
knowledge, technical skills, and managerial capacity of post-green 
revolution farmers, most of whom used practically no purchased
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inputs two decades ago, has been collapsed into a very short period of 
less than two decades.

Information, Education and Economic Efficiency
The green revolution in the 1960s and 1970s spawned a large number of 
studies of the adoption of the new varieties and fertilizer and their 
equity implications (for reviews, see Lipton and Longhurst, 1985; 
Herdt and Capule, 1983; Ruttan and Binswanger, 1978). Until 
recently, however, there were few studies on the development of 
farmers' knowledge and managerial skills and the efficiency with which 
the new technology was used once adopted.

There is increasing evidence that farmers' technical knowledge is 
inadequate to use post-green revolution technologies effectively. In 
the mid-1970s, Bernsten (1977) surveyed farmers' technical 
knowledge of 50 management practices judged by rice scientists to be 
'critical for the farmer to achieve maximum input efficiency' 
(Bernsten, 1977, p.191). These included age for transplanting modern 
varieties, appropriate depth of standing water for herbicide use and 
appropriate insecticides for given insect pests. Out of a maximum 
score of 12, farmers averaged 5.7, suggesting substantial scope to 
increase farmers' technical knowledge. Recent surveys in Pakistan 
(Heisey et al., 1987) show that most farmers, even after nearly two 
decades of experience with modern wheat varieties and fertilizers, 
were not able to compute nutrient doses, especially for phosphatic and 
compound fertilizers. They had inadequate knowledge of newer 
varieties and their characteristics, and most were unaware of the 
potential breakdown in rust resistance of wheat varieties. In northwest 
India, where more effective extension has been in place, farmers' 
knowledge appears to be much better, but away from these areas, 
farmers' information scores for modern inputs are generally poor 
(Feder, Slade and Sundaram, 1986; Srivastava, 1976). Deficiencies in 
farmers' technical knowledge generally increase with increasing 
complexity of the practice (Mayani and Kumar, 1980). In particular, 
information on plant protection is generally poor.

Deficiencies in technical knowledge are reflected in relatively low 
technical efficiency in many areas of Asia. Production function studies 
from post-green revolution settings in Asia show that on average, 
farmers could increase output by 20-50%, given existing resource use. 6 
The major factors explaining differences in efficiency between farmers 
were variables measuring farmers' information and skills such as
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education age, experience, contacts with extension agents, and 
technical knowledge. More detailed evidence on technical efficiency at 
the farm level is provided by multi-disciplinary studies that combine 
the insights of agronomists and economists and integrate on-farm 
survey and experimental data. In research on irrigated wheat in 
Pakistan (Byerlee et al., 1986) and rice in the Philippines (Herdt and 
Mandac, 1981), a complex of factors (such as soil type, availability of 
irrigation water, pest incidence, plant density, crop rotation, planting 
date, and nutrient balance) are shown to explain variation in yields 
between farmers. In addition, both studies estimated that the average 
yield gap between what would be profitable and feasible given existing 
technology and farmers' current yields was 30-40% in each case and 
much of this gain can be achieved within existing expenditure levels by 
a better mix and timing and method of application of inputs. 
Deficiencies in technical knowledge and skills of farmers were 
identified in both cases as important factors determining productivity 
levels.

In both of the above case studies the productivity gap was expressed 
through a yield gap between farmers' actual yields and economically 
feasible yields. In several post-green revolution areas (eg. parts of the 
Indian Punjab, northwest Mexico, central Luzon of the Phillipines) 
farmers' yields are now close to the potential (eg. Kahlon, 1984; 
Byerlee and Longmire, 1986). Here better information may substitute 
for high input use in the form of more efficient use of fertilizer in 
multiple cropping patterns or in integrated pest management to reduce 
pesticide use. For example, Kenmore (1986) estimates that 50% of 
insecticide applications in rice in southeast Asia are unnecessary, while 
a similar situation holds for fertilizers and pesticides in wheat in 
northwest Mexico.

It is also now widely recognised that formal schooling helps develop 
the technical and managerial skills needed for a science-based 
agriculture (Schultz, 1975; Welch, 1978). Education may increase 
farmers' ability to acquire and evaluate information, and enhance 
technical skills (eg. in computing dosages) as well as improve farmers' 
ability to adapt to changes in the environment. Farm-level studies 
show consistent and high returns to education in modernising 
agriculture, especially in Asia (Jamison and Lau, 1982). There is thus 
strong evidence of the importance of education in farmer efficiency in 
post-green revolution settings.

In sum, the evidence from farm-level studies points toward 
substantial opportunities to increase productivity through
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Rice, Central Luzon - Philippines (Source: Herd!, 1986)

86

100-1
Wheat, Punjab, Pakistan

1962 66 70 74 78 82 86

Figure 1. Changes in area under modern varieties and fertilizer applied 
to wheat in Pakistan's Punjab and rice in Central Luzon, Philippines.
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improvements in economic efficiency, given existing technology and 
resource levels. Inadequate technical knowledge, as well as lags in 
adjustment in a dynamic environment related to deficiencies in human 
capital, limits farmers' ability to exploit these opportunities to improve 
economic efficiency.

The Formal Information System
The constraints on improving productivity analysed above reflect 
inadequacies in rural institutions   agricultural research, extension 
and education   that participate in the development and 
dissemination of information and skills to farmers. This set of 
institutions can be termed the formal information system.

Agricultural research can generally be divided between applied 
research to generate new technology and adaptive research to provide 
improved technical information for farmer decision making. Yet 
according to a recent World Bank review, adaptive research is 
generally 'the weakest, most neglected and most confused aspect of 
national research systems' (World Bank, 1985). This is in contrast to 
the relative strength of applied research, particularly plant breeding 
research where most countries now have reasonably well-established 
plant research programmes for major food staples capable of 
sustaining a continuing flow of improved varieties.

The weakness of adaptive research efforts reflects the common 
approach of conducting a series of well controlled experiments 
(usually on the experiment station) and then to issue technical 
information in the form of recommended 'packages' of practices for 
large heterogeneous groups of farmers. Typically, each discipline   
agronomy, soil fertility, weed science, entomology, water 
management, etc.   develops recommendations for practices related 
to that discipline and these are then 'packaged' without considering 
interactions either between technological components or between 
commodities in the farming system. Social scientists who might 
contribute to the identification of farmer problems and relevant 
solutions have typically not been included in this research process.

These problems reflect less the quantity of adaptive research 
(although expenditures on applied research have probably expanded 
more rapidly than expenditures on adaptive research) than the quality 
of research. For example, thousands of fertilizer experiments are 
conducted annually yet fertilizer recommendations in many countries 
still lack relevance to farmers' circumstances (Eklund, 1983).
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Extension 
Communication Technological 

Recommendations

Farmers' Adaptation 
of Technology

Input
Subsidy and 

Credit Policy

Figure 2. Components of farmers' information and skill system.

The poor quality of technical information provided by adaptive 
research is often compounded by weaknesses in the quantity and 
quality of extension advice. Extension has often been assigned a 
secondary role in the post-green revolution era. The rapid spread of 
the new seeds and fertilizer from farmer to farmer with only minimal 
input by extension seemed to bear out the image of the small farmer as 
poor-but-efficient and to downplay the role of extension.

The research system has also encouraged extension methods based 
on a 'recipe' approach to crop production whereby farmers are 
exhorted to use a rigid technical package which assumes that fixed 
technical coefficients apply to all farmers, fields and seasons. Typically 
this formula has also stressed information on types and quantities of 
inputs aimed at increasing yields through use of higher levels of inputs. 
Opportunities to increase efficiency within existing resource levels have 
largely been neglected. Emphasis on communicating recipes has also 
been at the expense of broader extension education to improve 
farmers' understanding of new technology and enhance farmers' 
technical skills.
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However, extension agents often lack the basic skills needed by 
farmers for effective management of modern inputs. Training courses 
run by IRRI (Matheson, 1984) and CIMMYT (in Pakistan) have both 
observed that most extension entrants to these courses are not able to 
calculate dosages correctly for even basic inputs such as fertilizers, nor 
are they knowledgeable of the appropriate pesticide for a given pest.

These weaknesses in the extension system account for the rather 
variable findings on the returns to extension in developing country 
agriculture (Perraton etal., 1983; Huffman, 1978; and Lockheed etal., 
1980). Without an effective 'formal' information system represented 
by adaptive research and extension, a large part of the burden of 
technology adaptation has fallen on farmers' own informal learning- 
by-doing. Not uncommonly, farmers are ahead of the research and 
extension system in technology adaptation (Biggs and Clay, 1981). 
However, this 'informal' system is inadequate to keep pace with the 
complexity and dynamics of post-green revolution agriculture.

Recent Innovations in Adaptive Research and Extension
The emergence of a continuing stream of new technology and the 
opportunities to improve productivity through increasing the technical 
information and skills of farmers has led to institutional reforms in 
adaptive research and extension. A major innovation in recent years 
has been the farming systems approach to adaptive research that 
emphasises a strong farmer focus and problem-solving orientation to 
research (Simmonds, 1986; Byerlee, etal., 1982). Adaptive research 
programmes based on farming systems perspectives are being tested or 
have been adopted in most countries and promise to increase both the 
quality and quantity of technical information for farmers.

Returns to adaptive research conducted with a farming systems 
perspective are potentially high (Martinez and Sain, 1983). Returns 
are expected to be especially high in the irrigated post-green 
revolution areas, where a substantial amount of technology is available 
to be 'adopted' and 'adapted'. Moreover, the relative uniformity of 
irrigated areas ensures that information generated will be relevant to a 
large number of farmers. To meet the complexity of crop management 
decisions, adaptive research programmes increasingly provide 
recommendations conditional on specific field characteristics (eg. land 
type, crop rotation) and seasonal pest and weather conditions. 
However, even adaptive research programmes based on a farming 
systems perspective do not have well developed mechanisms by which 
the main client of the research, the small farmer, can formally or
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informally pressure research institutions to address their problems.
The most important recent innovation in extension systems is the T 

and V system. Early experiences with the T and V system indicate 
mixed successes. Feder, Lau and Slade (1985) estimated a 6-7% 
increase in wheat productivity in Haryana State of India due to 
improved technical efficiency attributed to introduction of the T and V 
system. Preliminary data from some other states of India (Shingi et al., 
1982; Benor, Baxter and Harrison, 1984) as well as from Nepal 
(Jamison and Moock, 1984) support these findings. However, other 
observers in India (Moore, 1984; Howell, 1984) note that extension 
advice is still not relevant to many farmers and quantitative targets for 
farmer contacts are emphasised over the quality of information 
disseminated. Elsewhere, the results are less encouraging. Khan et al. 
(1984) found no effect of the T and V system in Pakistan's Punjab on 
either productivity or knowledge of farmers. The lack of a strong 
adaptive research programme may partly explain the failure of the T 
and V system in Pakistan. 7 Overall, the experience with T and V 
extension may be too short to draw definite conclusions.

A major weakness of the T and V approach is its emphasis on 
communicating messages or recommendations to farmers. A major 
challenge of the extension in post-green revolution agriculture is the 
need for farmers to have a better understanding of new technology and 
improved technical and managerial skills. In post-green revolution 
areas these principles and skills include diagnostic skills on factors 
reducing yields, technical knowledge of chemical inputs such as 
residual effects or downside risks from untimely application, as well as 
specific technical skills such as calibration of knapsack sprayers or 
computation of nutrient doses for compound fertilizers.

The shift in extension emphasis from a communication role to more 
of an educational role requires continual upgrading of the quality of 
extension staff. 8 One successful example, has been training in the 
complex principles of integrated pest management for rice in several 
countries in southeast Asia (Kenmore, 1986). It is significant that a 
large part of this programme was devoted to field-oriented training of 
both extension agents and farmers in broad principles of pest 
management as well as specific skills in pest identification, subjective 
scoring of pest densities and pesticide use.

Rural Schooling
Beyond adaptive research and extension systems, the other major 
source of increasing knowledge and skills for a scientific agriculture is
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rural schooling. Expenditures on rural education have been one of the 
fastest growing sectors in the developing world and primary school 
enrolments have increased steadily. Studies of economic returns to 
education also generally show attractive pay-offs to investments in 
basic education generally (Colclough, 1982) and agriculture, 
specifically (Jamison and Lau, 1982). To the extent that these national 
figures reflect expenditures and returns in rural areas where the 
majority of the population resides, it would be easy to conclude that 
institutional changes are already underway in the educational sector to 
meet the growing need to increase the general educational level of 
farmers. However, these data are misleading for two reasons. First, 
there are still large numbers of farmers in post-green revolution areas, 
especially in South Asia, who lack basic numeracy and literacy skills. 
Adult literacy rates in rural areas of Pakistan, Bangladesh and Nepal 
average 25% or less and in northwest India are less than 50%. Even if 
most of the children of these farmers attend school and complete a 
basic education it will require at least another generation to achieve a 
minimally educated population of farmers. Added to this is the 
problem that drop-out rates even for primary schooling, are often 
close to 50% in rural areas. Second, there is now growing concern that 
the quality rather than the quantity of education may be a major 
limitation (Behrman and Birdsall, 1983; Heyneman, 1983). 
Educational quality is difficult to measure and even more difficult to 
relate to agricultural productivity. Evidence on returns to higher levels 
of education (presumably a proxy for quality, at least for basic 
numeracy and literacy skills) is scanty and conflicting for agricultural 
settings. Increasing complexity of crop management in post-green 
revolution agriculture is expected to lead to increased returns to 
quality and level of education. For example Heyneman (1983) has 
expressed educational requirements for different levels of agricultural 
technology that suggest a minimum of lower secondary school 
education for much of irrigated Asia.

The Policy Implications
The critical importance of farmer information and skills in maintaining 
productivity increases in the post-green revolution period has far- 
reaching implications for the design of agricultural development 
strategies:

a) Within the formal information system of the public sector, there
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needs to be a balanced investment in adaptive research, extension 
and education to exploit the complementary and substitution 
relationships between these different types of investments.

b) The role of the private sector (input suppliers or specialised 
information markets) in complementing and eventually 
substituting for public sector information services has to be 
addressed.

c) Improving farmer information and skills must be balanced against 
other technical and economic policies that can substitute for the 
formal information and skill systems either through reducing the 
cost of farmers' own informal learning and experimentation, or 
through applied research efforts to develop less management- 
intensive technologies.

Integrating Research, Extension and Rural Schooling
Farmers in post-green revolution agriculture require a farm 
information and skill system that (a) generates and communicates 
useful technical information on a continuing basis, (b) develops 
farmers' understanding of new technologies, (c) develops farmers' 
technical and managerial skills, and (d) provides basic literacy, 
numeracy and cognitive skills.

A policy question is the relative priority that needs to be given to 
each institution and function at different stages of development, and in 
particular in the post-green revolution era. Much depends on the 
extent to which the various elements are regarded as substitutes or 
complements.

Given the management intensity of many second generation 
technologies, adaptive research and extension are expected to be 
highly complementary. Increasing amounts of information generated 
by adaptive research programmes will be wasted or will diffuse too 
slowly (and possibly become outdated) without a strong extension 
input. Likewise, extension programmes will have little impact if they 
do not have useful and relevant information to extend. To exploit their 
complementarity, adaptive research and extension must be closely 
linked. One of the major problems in most countries is the lack of 
effective linkages between research and extension (eg. World Bank, 
1985; Howell, 1982a). Often they are institutionally separated, with 
extension in the Ministry of Agriculture and research in a parastatal 
organisation. Differences in incentives and prestige also undermine 
working relationships. Many research systems, believing that there is a


