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ABSTRACT

This paper examines the predictive power of diffusion, farm-structure, and
multiplicity models in adoption of soil conservation technelogies in developing
countries. The data for the study were collected from 265 farmers in a highly
erodable area of Fars province, Iran. The multiplicity model, which takes a
perspective that combines the variables of diffusion and farm structure models,
has proved to be the most powerful model in explaining the farmers' soil
conservation adoption behavior. The most important variables in explaining the
adoptions of soil conservation practices are: yield of wheat crop, farmers’
awareness of soil erosion problems, hectares of wheat cultivated, cost of
farming and knowledge gained from different sources, illustrating the
complementary role of diffusion and farm structure variables. Finally, policy
implication of findings, and suggestions for further sociological research to the

problem of soil erosion in developing countries are discussed.

1. Associate Professor.
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INTRODUCTION

More than five decades of research efforts have produced volumes of
information about the biophysical elements that contribute to soil erosion
and the technology to reduce it. However, these research effoi.. are of little
benefit if these conservation techniques are not adopted by farmers. Despite
considerable knowledge available on how to conserve soil, erosion has
continued to be a universal problem. Even in the developed world soil
erogion has continued to be a threat to future agricultural productivity (26).
Reports of soil erosion damage are available from different parts of the
developed world (6,10,23,24,25).

Asia probably has suffered more from human-induced soil erosion than
any other continent (7). In developing countries where resources for research
and policy programs for soil conservation are scarce and poverty reduces the
priority of environmental issues, soil erosion is more problematic. Damage
caused by soil erosion is not only significantly different from one country to
another but also within a country there are differences from one region to
another. High level of soil loss has been reported in India (32,39), China
(19,35), Korea (41) and Nepal (16).

Although no data are available on the erosion-productivity relationship
in Iran (7), observation by Iranian and foreign nationals provide seemingly
overwhelming evidence of soil erosion (8,17). Lowermilk (20), one of the
first to describe the impact of erosion on early civilization, noted the
extensive damage in Iran. According to Dregne (7), reasonably well-
confirmed instances of permanent soil productivity loss resulting from
human induced water erosion can be found in different Asian count‘riés,
including Iran. He perceives the situation to become worse as population

increases and cultivation continues to expand.
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Much attention -has been paid to technical research to find conservation
techniques in attempts to overcome soil erosion problems. While
considerable resources are devoted to research for developing conservation
techniques, it can easily be demonstrated that failure to prevent soil erosion
is not a problem of lack of effective mechanical or agronomic soil
conservation methods. However, the lack of adoption of these techniques by
farmers is rather an important factor. Napier (27) concludes that if it is
expected to bring about widespread adoption of soil conservation practices in
developing societies, less efforts should be directed toward the creation of
new soil conservation techniques and development of additional information
programs to introduce these innovations to farmers and at the same time
more emphasis should be given to efforts to overcome institutional barriers
to adoption. It should be recognized that soil erosion is a socio-technical
problem. Therefore, to design successful soil conservation programs,
research in socio-economic aspects of adoption of soil conservation
techniques is essential.

The most important contribution of social scientists is development of
models that can predict the soil conservation behavior of farmers. These
models, if proven to have a certain degree of validity, could be a heuristic
device in designing soil conservation programs, reguiation and services,
which would bring about greater adoption of soil conservation practices.
There is little evidence of attempts to develop such models in developing
countries. A study in the Dominican Republic demonstrated that socio-
economic factors were very poor predictors of adoption of soil erosion
control practices, but diffusion-'type factors were shqown to be relatively good
predictors of adoption (13). Examination of the literature focused on the
adoption of soil conservation practices in Asia strongly suggests that
macrosocial factors and microsocial factors affect adoption decisions at the
farm level (29). Macrosocial refers to structural factors beyond the control of

the land owner. Microsocial refers to individual and farm enterprise factors.
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However, theoretical and empirical aspects of these models are investigated
to some extent in the developed countries (31,33). Napier, one of the leading
researchers in the area of modeling soil conservation behavior of farmers,
has consistently shown that farm structure and policy factors have been the
best predictors of adoption of soil and water conservation practices at farm
level. However, the amount of explained variance in his studies have shown
that all models assessed are inadequate to predict adoption behaviors
{28,30,31)

The theoretical soil conservation adoption models which will be used in
this study include the diffusion model, the farm-structure model and

multiplicity models, each of which will be briefly explained.

The Diffasion Model :
The diffusion model is the most widely used perspective for adoption of

agricultural innovations (36). Perceived need and awareness of innovations
are the first steps in the diffusion process. Next, farmers should be able to
obtain valid agronomic and economic information to evaluate potential
consequences. Individuals will assess perceived costs and benefits associated
with alternative actions and develop attitudes towards each option.
Following this model, once favorable attitudes are developed, individuals
will try the innovation and later adopt it on a large scale. Variables which
will be selected for this study based on the diffusion model and the reason
for their selection will be briefly discussed.

Awareness is perceived as an essential condition for adoption of
innovations in the diffusion model. [t is assumed that farmers will not adopt
new farm practices unless they become aware that the use of existing farm
practices is creating a problem. Therefore, farmers' awareness of soil erosion
problem was included. in the study as a variable that based on the diffusion
model copld significantly relate to adoption behavior. Another necessary

condition for adoption is a favorable attitude toward conservation practices.
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Therefore, it is hypothesized that farmers' attitudes toward soil erosion
control will be significantly related to adoption behavior. McSweeney and
Kramer (22) observed that farmers' receptiveness depends on their beliefs
about the short and long term net returns associated with conservation
practices. Perception of environmental problems may be influenced more by
the resources available to solve the problems than the extent of the actual
problems (12).

Soil conservation knowledge gained through access to different
information sources is posited to be an important determinant of adoption
behavior. Proponents of the diffusion perspective argue that once farmers are
informed of the advantages of using specific practices they will adopt the
innovation. Therefore, knowledge gained from different sources about soil
erosion and conservation was included in the model to determine its power in
explaining the adoption of soil conservation behavior. Higher rates of
adoption of soil conservation practices are reported to be associated with
more contact with information sources (18,34). Anderson and Thampapillai
(1) suggest that the key role of government is to transfer information on soil
problems and possibilities.

Furthermore, the diffusion model asserts that adopters' characteristics
are important determinants of adoption behavior. Given this argument, it is
hypothesized that measure of farmers' education, farmers' age and years of
farming experiences is associated with adoption. The influence of education
on attitudes to soil conservation has been investigated in the developed and
developing countries (5,9,15). Hoover and Wiitala (15) concluded that
adoption of conservation practices were more common among young, well-
educated farmers. Since some of the consequences of erosion are difficult to
observe, further education is required if it is to be perceived as a problem.
The general conclusion regarding age is that younger farmers tend to be

more concerned about the environment (2,3,40).

44



The Farm-Structure Model
The farm-structure model (31) which is also called the economic

constraint model (14), has been offered as an alternative explanatory model
to the diffusion model, and is based on the premise that economic barriers
prevent the traditional diffusion model from operating effectively. The farm-
structure model argues that although a person may have a strong desire to
adopt a technology, he may not be able to act consistently with his attitude
due to economic constraints. An individual may be prevented from acting
due to the following: the inability to access economic resources, past
commitments of resources and specialization of farming activities (31).

The farm-structure model emphasizes access to material resources as
predictive variables of adoption behavior (4). If farmers do not have access
to necessary resources for implementing a conservation plan, the adoption of
many conservafion practicies is not possible. Given these arguments it is
hypothesized that measures of socio-economic status will be significantly
felated to adoption of conservation practices. The farmers' economic status
variables used in this study include cost of farming (last year), hectares of
wheat cultivated, total hectares of land managed and yield of wheat per
hectare. Although research findings regarding the influence of farm size and
income are not consistent (1), some indicate that these variables positively
influence the adoption of secil conservation (5,9,15,34,38). Green and
Heffernan (12) concluded that the operators of large farms are more likely to
adopt soil conservation practices and to adopt them at an earlier stage. They
perceived soil erosion to be increasingly a problem for small-scale farmers.

The planning horizon seems to be important in adoption of conservation
practices. However, Ervin and Ervin (11) found that the length of the
planning period, defined in terms of transferring property to children, to be
insignificant in influencing adoption of conservation measures. The general

consensus in developing countries, is that the length of the planning horizon
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is short (21). This short planning horizon means that if soil conservation
practices are perceived to be effective only in the long term, their adoption
remains unlikely. Given these arguments, if the farm is to be transferred to
children or the probability of continuing farming is high the present land
owner should be more concerned about future value of the land resources and
be more willing to consider adopting practicies that will preserve the land.
Therefore, measures of intergenerational transfer of land and probability of

continuing farming are expected to relate to adoption behavior.

This paper introduces a new label for an alternative conceptual model -
the muitiplicity model - which should help to identify the determinants of
adoption of conservation practices in developing countries more
comprehensively. The multiplicity model which takes a perspective that
combines the perspectives of the diffusion and the farm-structure models has
been used by other researchers to explain adoption behavior (31). This model
argues that, in explaining the adoption of conservation behavior, the
variables included in the diffusion and farm-structure models are not
alternative groups of variables, but rather are complementary. Thus in the
multiplicity model, all variables of the diffusion and farm-structure models
are loaded into the equation. Since in reality a farmer adopting soil
conservation practices depends both on his attitude and his ability to act, it
is expected that this model should provide a better explanation of the

adoption of such practices.

THE OBJECTIVES AND METHODS

In the light of severe and accelerating secil erosion in developing

countries and a lack of conceptual models to explain farmers' adoption of
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soil conservation practices in these countries, the objective of this study is to
explore the ability of the three models outlined above (diffusion, farm-
structure and multiplicity) to predict the adoption of soil conservation
practices in developing countries. Data from Iran will be used in this study
to test the above research question. It is clear that the above objective
cannot be evaluated by testing a null hypothesis. Thus the relative
explanatory power of each model in explaining the adoption of different soil
conservation practices will be used as the criteria to make an assessment of
each model. Furthermore, the usefulness of each independent variable will be
evaluated, based on the number of times they are entered in the equations

and the step they are entered in the stepwise regression models.

Sample and Population
The data for this study were collected in the watershed area of

Doroodzan dam in Fars province, Iran. This area was selected because the
experts consider it to be one of the most erodable croplands in the province.
A two-stage cluster sampling technique was used to collect data from
villages with more than 10 households. From the 18 villages randomly
selected in the first stage, a 20 per cent simple random sample was selected.
Final interviews with 265 randomly selected farmers were. completed in
1992,  An initial interview questionnaire was pre-tested and findings were

incorporated into the revised interview schedule.

Measurement of Variables
The dependent variables in this study were the adoption of soil

conservation practices inciuding crop residue left on the land, gully control,
crop rotation, application of animal manure, application of green manure,
conservation tillage, cross slope ploughing, counter bounds, control of
stream bank erosion, land levelling and a general adoption index. The
adoption of these practices was measured by asking the respondents to

indicate how frequently they have used the practices on their farms. The
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responses consisted of "always used", which received a value of 2,
"occasionally used", which received a value of 1 and "never used", which
received a value of 0. The pilot study indicated that terminology used for
conservation practices by experts is different from that used by farmers and
was a source of ambiguity. Therefore, whenever a reference was made to a
practice during the interview, its picture was shown to the farmers in order
to overcome this difficulty. This technique was limited to more uncommon
practices. The general adoption index was developed by adding the adoption
score of the above 10 conservation practices together. The three models were
examined for their ability to predict the adoption of these conservation
practices.

The independent variables consisted of components of the diffusion
model and farm-structure model, and the combination of variables of these
two models represented the multiplicity model. Six diffusion model variables
were used in this study. Awareness of soil erosion problems was measured on
a 3 point scale. The attitude of farmers towards soil erosion control was
measured using a scale ranging from "yes", indicating the respondents
perceivé the problem of erosion to be serious and control measures were
necessary, which received a value of 2, to "undecided", which received a
value of 1. "No", which indicated that respondents did not perceive the
problem to be serious and did not favor control practices, which received a
value of 0. Knowledge gained or access to information was measured in
terms of frequency of items of information about soil erosion problems and
conservation practices which were received by farmers during the past year
from extension agents, radio, television, extension publications and other
farmers. Farmers' education was measured in terms of the general education
level they had completed. Farmers' age and years of farming experiences
were also recorded.

The independent variables selected to represent the farm-structure model

were cost of farming, hectares of wheat cultivated, total hectares of land
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managed,. hectares of land owned, yield of wheat per hectare, transfer of
farm to children and probability of continuing farming. Due to difficulties in
measuring income from agriculture in developing countries, the cost of
farming in the last year prior to the interview was measured as an alternative
estimate of income and wealth. Farm size was measured in different ways,
each method of measurement having its meaning in terms of soil
conservation. Total hectares of land managed determine the size of
agricultural operation by the farmer but the farmer may not own all of the
land he manages as part or all of the land may be rented.

The other variable measures the hectares of land owned by a farmer,
which could be detrimental in soil conservation practices. Since irrigation
water is a bottleneck and a farmer may be able to cultivate only a small
portion of his land, hectares of wheat cultivated was measured and included
in the model. Yield of wheat was included to provide the measure of quality
of land. A farmer may own a large farm but the quality of land may be poor.
Thus inclusion of yield variables, when used with measures of farm size in
the model, could be detrimental. Transfer of the farm to children was
measured by asking the farmers if they intended to transfer their
landholdings to their children. The response ranged from "yes", which
received a value of 2, to "no", which received a value of 0. An undecided
response received a value of 1. The probability of continuing farming was
measured by asking the farmers to indicate what is the probability that they
may continue farming. The response ranged from "very likely", which

received a value of 4, to "highly unlikely", which received a value of 1.

RESULTS AND DISCUSSION

The findings for the examination cf the three models are presented in

Table |. The regression findings are presented in standardized partial
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regression coefficient form.

The findings with regard to the diffusion model indicate that for adoption
of gully control and general adoption index the diffusion variables explained
13 and 16 percent of wvariability, respectively. For the rest of conservation
technologies the explanatory power of the diffusion model reduced even
further to 8 per cent or less. The inability of diffusion variables to explain
the adoption of soil conservation technology is consistent with findings
reported by Napier (31) in Ohio. However, these findings contradict the
findings by Nowak (33), who concluded that diffusion of information
variables plays an important role in the adoption of conservation
technologies. Furthermore, the results of evaluation of the diffusion model in
Table 1 indicate that there is no difference in explanatory power of diffusion
variables for conservation practices with short-term benefits (e.g: application
of animal manure) and long-term benefits (e.g., counter bounds). Tabie 2
indicates that in no case the diffusion model is the best (in terms of R2) in
explaining the variability in adoption of soil conservation technologies when
compared with the farm-structured model and the multiplicity model. The
diffusion model has the same R2 as the multiplicity model in only two cases,
which were the control of stream bank erosion and the general adoption
index.

The farm structure model variables entered into stepwise regression
equations were cost of farming the year prior to the interview, hectares of
wheat cultivated in previous year, total hectares of land managed, hectares of
land owned, yield of wheat per hectare, transfer of farm to children and
probability of continuing farming (Table 1). The farm structure model
explained about 12, 14, 18, 19 and 33 percent of variability in crop residue
left on the land, conservation tillage, application of animal manure, land
leveiling and crop rotation, respectively. These findings, compared with the
diffusion model, indicates that the farm structure model is relatively a more

powerful model of explaining variability in soil conservation technologies.
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The data presented in Table 2 indicate that for 18.2 per cent of cases, the
farm structure model was more powerful than both the diffusion and the
multiplicity models in predicting the wvariability in the adoption of soil
conservation technologies. In fact, the farm structure model explained 33
and 7 per cent variability in the adoption of crop rotation and application of
green manure, respectively, which was better than the other models. The
above findings support the results reported by Napier and Camboni (28) and
Nowak (33). It should be noted that the conclusion of both Napier and
Camboni (28) and Nowak (33) are based on research in the United States and

not in the developing countries.

Table 2. Evaluation of the three models based on the relative explanatory

power of the models.

BEST MODEL AS GOOD AS MULTIPLICITY
Models Frequency Per cent Frequency Per cent
Diffusions 0 0.0 2 18.2
Farm-structure 2 18.2 3 27.3
Multiplicity 4 36.3 - -

The findings indicated that the multiplicity model explained about 14,
15, 15, 16, 18, 21 and 32 per cent of variability in adoption of conservation
tillage, crop residue left on the land, gully control, general adoption index,
application of animal manure, land levelling and crop rotation, respectively.
Therefore, when compared with the predictive power of the diffusion and
farm structure models, these findings indicate the superiority of the
multiplicity model in explaining the adoption of conservation technologies.

As data in Table 2 illustrate, in 36.3 per cent of cases, the multiplicity model
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is the best model in terms of R2 explained and in 45.5 per cent of cases it is
as good as the other two models. Thus, in about 82 per cent of cases the
multiplicity model is better, or at least the same as the diffusion or farm
structure models in explaining the adoption of socil conservation
technologies.

The results of the evaluation of variables based on the frequency and
relative step of their entrance into the stepwise regression equation of the
three models are presented in Table 3. These results show that according to
these criteria the yield of wheat (X;), farmers' awareness of soil erosion
problems (X1), hectares of wheat cultivated (Xg), cost of farming (X7) and
knowledge gained from different sources (X3) which entered into 51.5, 30.3,
30.3, 30.3 and 24.2 per cent of equations at different steps, were the best
independent variables in explaining the variability of dependent variables.
The interesting point about the above findings is the -fact that the best
variables are not only from the diffusion model or the farm structure model ,
but represent a combination of key variables of both medels or, in other
words, the multiplicity model. These findings support the theoretical
perspective for the multiplicity model. Three variables, farmers' age (Xs),
years of farming experience (Xg) and probability of continuing farming
(X13), were not entered into any equation. It should be noted that the
probability of F to enter was set at 0.05 and the tolerance level at 0.01. The
lack of predictive power of age as a variable may be explained by the fact
that even classical diffusion studies show no relationship between age and
adoption of innovations (37). In addition, there is high correlation in
developing countries between age and farming experience, because options
for other occupations are very limited. Therefore, experience and age can be
treated as one variable. The limited opportunity te have other occupations
makes the continuation of farming a must, which means the variability in

this factor is very limited. This lack of variability makesthe probability of
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continwing farming (X{3) an ineffective variable in the explanation of

adoption of so0il conservation technologies.

Table 3. Evaluation of variables based on the frequency and the step they

entered in the stepwise regression models.

Independent ENTRANCE TOTAL ENTRANCE
Variable Stepl Step2 Step3 Step 4 NO. Per cent
X' 14 0 3 0 17 51.5
X 5 4 1 0 10 30.3
Xz 2 7 0 1 10 30.3
X 2 2 4 2 10 30.3
Xs 4 4 0 0 8 24.2
X12 0 1 2 1 4 12.1
X4 2 0 0 1 3 9.0
X2 1 1 1 0 3 9.0
Xio 0 2 0 1 3 9.0
X 0 0 1 0 1 3.0

t For description of variables see the footnote of Table 1. Variables X, X,

and X,3; were never entered in any equation.

CONCLUSIONS

The developing countries are suffering from severe and accelerating soil

erosion. While the technical aspects of soil conservation are important, at
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the present-stage, it seems that the lack of understanding of conservation
adoption behavior by farmers is a bottleneck in promoting soil conservation
in developing countries.

This paper evaluated the explanatory power of diffusion, farm structure
and multiplicity models in adoption of soil conservation practices in Iran. It
can be concluded that while the farm structure model is relatively better than
the diffusion model, in general both are ineffective as predictive models. The
multiplicity model, which takes a perspective that combines the variables of
diffusion and farm structure models, is a relatively more powerful predictive
model for soil conservation adoption behavior in developing countries. The
most important variables in explaining the adoption of soil conservation
technologies are yield of wheat crop, farmers' awareness of soil erosion
problems, hectares. of wheat cultivated, cost of farming and knowledge
gained from different sources, which illustrate the complementary role of the
diffusion and farm structure variables.

As far as policy implication is concerned, the findings indicate the need
for a dual approach with extension programs which aim at increasing
farmers' awareness, knowledge and interest in soil erosion and conservation,
and economic policies, which aim at providing greater incentives and
opportunity for farmers to adopt soil conservation practices.

This paper provides some guidelines which could be effective in
designing the policy programs for soil conservation in developing countries.
However, the magnitude of explained variance in the models suggests that
alternative theoretical explanations must be explored in future research on
adoption of soil conservation practices in developing countries. There is
need to examine the multiplicity model in other areas and situations and to
pay more attention to the measurement and application of variables which
have proven to be effective in this study.

Finally, in the past soil conservation adoption research has been

concerned only with optional adoption decisions. Future research should also
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explore the authority adoption decisions which, considering the cultural
bases, may provide interesting findings for soil conservation policies.in

developing countries.

ACKNOWLEDGMENTS

The field work for this study was supported by a grant from the Research
Council of Shiraz University. Comments are gratefully acknowledged from

Dr. H. Stuart Hawkins and Dr. T.L. Napier on a draft of this paper.

LITERATURE CITED

1. Anderson, JR. and J. Thampapillai 1990. Soil conservation in
developing countries: Project and policy intervention. Policy and

Research Series. No. 8, The World Bank, Washington D.C., U. §. A,

2. Buttel, F.H. 1978. Social class and mass environmental beliefs: A

reconsideration. Environment and Behavior 10:433-450.

3. Buttel, F., G. Gillespie, O. Larson and C. Harris. 1981. The social
bases of agrarian environmentalism: A comparative study of Michigan

and New York farm operators. Rural Sociol. 46:391-410.
4. Camboni, S. M. and T. L. Napier 1993. Factors affecting use of
conservation farming practices in east central Ohio. Agric. Ecosystems

and Environ. 45:79-94.

5. Carlson, J. E., M. McLeon, W. R. Lassey and D. A, Dillman 1977.

The farmer, absentee land-owners, and erosion: Factors influencing the

57



10.

11.

12,

58

use of control practices. Idaho Water Resources Institute, Mascow,
Idaho, U. S. A.

Chisci, G. 1986. Influence of change in land use and management on
the acceleration of land degradation phenomena in Apenines hilly
areas. In G. Chisci and R.P.C. Morgan (eds.). Soil erosion in the
European Community, A. A. Balkema Publishers, Rotterdam, The
Netherlands.

Dregne, H.E. 1992. Erosion and soil productivity in Asia. J. Soil Water
Cons. 47:8-13.

Dewan, M. L. and J. Famouri 1984. The soils of Iran. FAQ, Rome:
Italy.

Earle, T.R., C.W. Rose and A.A. Brownlea 1979. Socio-economic
predictors of intention towards soil conservation and their implication

in environmental management. J. Environ. Management 9:225-236.

Eppink, L.A. 1986. Water erosion in the Netherlands: Damage and
farmers' attitude. In: G. Chisci and R.P.C. Morgan (eds.). Soil erosion
in the European Community, A.A. Balkema Publishers, Rotterdam,The
Netherlands.

Ervin, C.A. and D.E. Ervin 1982. Factors affecting the use of soil
conservation practices: Hypothesis, evidence and policy implications.
Land Economics 58:277-292.

Green, P.G. and W.D. Heffernan 1987, Soil erosion and perception of
the problem. J. Rural Studies 3:151-157.



13.

14.

15.

16.

17.

18.

19.

20.

~ Hansen, D.O., J.M. Erbaugh and T.L. Napier. 1987. Factors related to

adoption of soil conservation practices in the Dominican Republic. J.
Soil Water Cons. 42:367-369.

Hooks, G.M., T.L. Napier and M. Carter 1983. Correlates of adoption
behavior: The case of farm technologies. Rural Sociol. 48:309-324.

Hoover, H. and M. Wiitala 1980. Operator and landlord participation
in soil erosion in the Maple Creek Watershed in Northeast Nebraska.
U.S.D.A.Washington, D.C., U. 8. A,

Karan, P.P. and 8. lijima 1985. Environmental stress in the Himalaya.
The Geographical Review 75:71-92,

Keller, W. 1978, Feeding the livestock of Iran. iran J. Agric. Res.
6:1-11.

Lasley, P. and M. Nolan 1981. Landowner attitudes toward soil and
water conservation in the Grindstone Lost Muddy Creek project.
Department of Rural Sociology, University of Missouri, Columbia,
MO.,, U 5. A

Lee, H. 1984. Soil conservation in China's loess plateau. J. Soil Water
Cons. 39:306-307.

Lowermilk, W.C. 1953. Conquest of the land through seven thousand

years. Agricultural Information Bulletin, No. 99. USDA, Washington,
D.C.,U. 8 A,

59



21.

22,

23.

24,

25.

26.

27.

60

Markandya, A. and D. Pearce 1988. Environmental considerations and
the choice of the discount rate in developing countries. World Bank

Environment Department working paper, Washington, D.C., U, 8. A.

McSweeney, W.T. and R.A. Kramer 1986. The integration of farm
programs for achieving soil conservation and nonpoint pollution

control objectives. Land Economics 62:159-173.

Messer, J. 1987. The sociology and the politics of land degradation in
Australia. In: P. Blaikie and H. Brookfield (eds.). Land degradation

and society. Menthuen Press, London, England.

Napier, T.L. 1987. Farmers and soil erosion: A question of motivation.

Forum for applied Research and public policy 2:85-94.

Napier, T.L. 1988. Adoption of soil conservation practices by farmers
in erosion-prone areas of Ohio: The application of logit modelling.

Society and Natural Resources 1:109-129.

Napier, T.L. 1989. Implementation of soil conservation practices: Past
efforts and future prospects. Topics in Applied Resource Management
1:9-34,

Napier, T.L. 1991. Factors affecting acceptance and continued use of
soil conservation practices in developing societies: A diffusion

perspective. Agric. Ecosystems and Environ. 36:127-140.



28.

29.

30.

31.

32,

33.

34,

Napier, T.L. and S.M. Camboni 1993. Use of conventional and
conservation practices among farmers in the Scioto River Basin of

Ohio. J. Soil Water Cons.48:231-237.

Napier, T.L., A.S. Napier and M. A. Tucker 1991. The social, economic
and institutional factors affecting adoption of soil conservation
practices: The Asian experience. Soil and Tillage Research 20:365-
382,

Napier, T.L., C.8. Thraen, A. Gore and W.R. Goe. 1984 Factors
affecting adoption of conventional and conservation tillage practices in

Ohio. J. Seil Water Cons. 39:205-209.

Napier, T.L., C.S. Thraen and S.L. McClaskie. 1988. Adoption of soil
conservation practices by farmers in erosion prone area of Ohio: The
application of logit modeling. Society and Natural Resources 1;109-
129.

Narayana, V., V. Dhruva and G. Sastry 1985. Soil conservation in
India. In: S. Swaify, A  El-Swaify, W.C. Moldenhaver and A. Lo
(eds.). Soil erosion and conservation. Soil Conservation of America
Press.Ankeny, U. 5. A.

Nowak, P.J. 1987. The adoption of agricultural conservation
technologies: Economic and diffusion explanations. Rural Sociol.

52:208-220.

Nowak, P. and P. Korsching 1983. Social and institutional factors

affecting the adoption and maintenance of agricultural BMPs. In: F.

61



35.

36.

37.

38.

39.

40.

41.

62

Schaller and G. Bailey (eds.). Agricultural Management and Water

Quality. Iowa State University Press. Ames, Iowa, U. 5. A,

Robinson, A. R. 1981. Erosion and sediment controi in China's Yellow
River basin. J. Soil and Water Cons. 36:125-127.

Rogers, E.M. 1983, Diffusion of Innovations. The Free Press. New
York, U. 8. A,

Rogers, E.M. and F.F. Shoemaker. 1971. Communication of

innovations: A cross-cultural approach. Free Press. New York, U. 8. A,

Sinden, J.A. and D.A. King. 1988 Land condition, crop productivity
and the adoption of soil conservation measures. Paper presented at the
Australian Agricultural Economics Society Conference, Melbourne,

Australia.

Singh, G.R., R. Babu, P. Nariain, L.S. Bhushan and I.P. Abrol. 1992.

Soil erosion rates in India. J. Soil Water Cons. 47:97-99.

Van Liere, K.D. and Dunlop, R.E. 1980. The social bases- of
environmental concern: A review of hypotheses, explanations and

empirical evidence. Public Opinion Quarterly 44: 43-59.

Woo, B. 1982, Soil erosion control in South Korea. J. Soil Water Cons.
37:149-150.



