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beans; conventional-till double-cropped
soybeans; no-till, double-cropped soy
beans; and no-till soybeans in soybean
stubble. The highest soil loss for a single
storm occurred on drilled soybeans soon
after the plot was harrowed and seeded.
Soil loss from the no-till, double-cropped
system was only 7 percent of that from the
conventional-till, double cropped system.
Only 14 percent as much soil was lost from
the conventional-till double croppped sys
tem as from the conventional-till single
crop system. And weed control was at
tained without the use of herbicides. Be
cause each of the five systems has advan
tages and disadvantages, a program of ro
tating alternate strips of a no-till system
with a conventional-till, double cropped
system would have merit. To control ero
sion and accompanying loss of nutrients,
however, each system should provide soil

cover when high-energy rainfall is most
likely to occur.
REFERENCES CITED
1. American Public Health Association. 1971.
Standard methods for the examination of wa
ter and wastewater. New York, N.Y.

2. Johnson, H.P., J. L. Baker, W. D. Shrader,
and J. M. Laflen. 1979. Tillage systems ef

fects on sediment and nutrients in runoff
from small watersheds. Trans., ASAE 22(1):

1,110-1,114.
3. McDowell, L. L., and K. C. McGregor.
1980. Nitrogen and phosphorus losses in run
off from no-till soybeans. Trans. ASAE 23(1):
643-648.
4. Meyer, L. D. 1965. Simulation of rainfall for
soil erosion research. Trans., ASAE 8(1):
63-65.
5. Risser James. 1981. A renewed threat of soil
erosion: It's worse than the Dust Bowl.

Smithsonian 11(12): 121-130.
6. Wischmeier, Walter H., and D. D. Smith.
1978. Predicting rainfall erosion losses-A
guide to conservation planning. Agr. Hand
bk. No. 537. U.S. Dept. Agr., Washington,
D.C.
D

Peter F. Korsching, Curtis W. Stofferahn, Peter J. Nowak, and Donald J. Wagener
ABSTRACT: A population of farmers in three central Iowa watersheds were surveyed on
their use of conservation . practices. A temporal distribution by date of adoption was
created for the farmers for generally applicable conservation practices. Personal, social,
and economic characteristics of the farmers were examined relative to time of adoption,
and comparisons were made with the characteristics of traditional adopter types. Results
show a similarity between adopters of conservation practices and innovative practices in
general. Implications for soil conservation programs are discussed.

NE of the most widely researched
topics in rural sociology is the adop
tion and diffusion of innovations. Begin
ning with the original studies on the diffu
sion of hybrid seed corn among farmers in
Iowa, the research has expanded to include
a myriad of innovations among people in
all parts of the w,.orld. This cumulative re
search permitted development of a general
model for the adoption and diffusion proPeter F. Korsching is an associate professor,
Curtis W. Stofferahn is a g;aduate research as
sistant, Peter J. Nowak is an associate professor,
and Donald J. Wagener is a graduate research
assistant in the Department of Sociology and
Anthropology, Iowa State University, Ames,
50011. Journal Paper No. J-10427 of the Iowa
Agriculture and Home Economics Experiment
Station, Ames, Iowa. Project No. 2364. Funds
for this research were in part provided by Proj
ect CR-806814-01-1, U.S. Environmental Pro
tection Agency.
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cess. The success of the research can be
gleaned from the application of the model
to programs of planned change both do
mestically and internationally.
However, the adoption-diffusion model
has not been applied widely in soil conser
vation programs. This may be in part a re
sult of the nature of soil conservation prac
tices. Some researchers (6) state that the
adoption-diffusion model was developed
primarily through research on economical
ly profitable or commercial innovations
and therefore has little applicability to in
novations or practices that have a low im
mediate or short-term economic gain, such
as soil conservation practices. Others (8)
contend that their own research tends to
support the traditional model. A further
consideration is that not all soil conserva
tion practices are necessarily unprofitable
in the long or short run. Such practices as

minimum tillage have definite --._,... ,,,,.,_n_
ing features.
Here we examine the degree to w
adopters of conservation practices fit
traditional adopter categories and the
n
mal-curve distribution of adopters.
sults should provide insight into the dev
opment of more effective soil conservatio
programs.

The ad«:>Ption curve

Research has shown that the distributio
of the adoption of an innovation across di:
crete equal intervals of time tends to foll ow
a normal, bell-shaped curve (7). Further,
more, an S-shaped curve will result if the
cumulative number of adopters is plotted
across discrete, equal intervals of time ( 7).
Theoretically, the adoption rate of inn o�
vations can be expected to approximate a
normal curve, primarily for two reasons.
One is that learning by individuals within
a population might be analogous to the
learning process within an individual
which has been shown to follow an S�
shaped curve (7). The learner begins slow
ly, then quickly increases assimilation of
new knowledge until a large proportion of
the knowledge is obtained. Then, at the
upper levels of saturation, a decreasing
rate of return is experienced.
A second theoretical reason for expecting
the adoption of innovations to follow a
normal distribution is what might be
termed the adopter effect. If each new
adopter communicates the innovation to at
least two other members of the population,
the adoption process should follow a
binomial expansion until diffusion within
the population approaches the point of
saturation (7). The extent to which the
ideal of binomial expansion occurs is con
tingent upon a population in which there
are few barriers to communication and in
teraction among the members.
Aaooter categories

Initial establishment of adopter catego
ries was through a combination of empiri
cal and theoretical means. Research con
sistently indicated that early adopters had
characteristics such as education, income,
occupation, and membership in organiza
tions that were greatly at variance with
later adopters of innovations. Further
more, these characteristics were variously
and, to a degree, discretely distributed un
der the normal curve. Because of this phe
nomenon-that adopters at specific stages
in the adoption process have characteristics
markedly different from adopters at other
stages-adopters can be characterized
through a mathematical formulation from
the adoption curve.
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tionship to innovativeness:
1. Age-results have been inconsistent,
Observed adoption -
although the specific innovation may be a
Expected adoption ---factor.
Figure 2. Cumulative number of farmers
2. Education-direct relationship be adopting minimum tillage, fitted with logis
tween level of education and innovative tic curve.
ness.
3. Income-direct relationship between
level of income and innovativeness.
to determine the social factors that influ
4. Business operation size-size of busi ence the acceptability, implementation,
ness operation relates directly to innova and maintenance of the practices. For the
tiveness.
sociological component, we selected three
5. Business orientation-innovativeness watersheds in central Iowa with similar
relates directly to commercial economic farm populations in terms of social and
business orientation.
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ing change.
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Source of data and methods
We collected our data as part of a proj
ect for studying the impact of various best
llla nagement or soil conservation practices
0n water quality. The research is interdis
ciplinary, with a sociological component

Year

Observed

1966-1967
1968-1969
1970-1971
1972-1973
1974-1975
1976-1977
1978-1979

2

Expected

4

7
21
35

10
20
36

86

81

54
72

54
70

Baseline data were collected through
personal interviews with all farmers in the
three watersheds in early spring and late
summer of 1980. We interviewed 193 farm
operators-73 in the Four Mile Creek wa
tershed, 65 in the Mud Creek watershed,
and 55 in the Rock Creek watershed.
One of the problems in past research on
the adoption of soil conservation practices
is that the various practices were all
lumped together, with little consideration
given to the actual need for the practices
on the fields. Certain practices, such as the
installation of terraces, would only be rea
sonable on land with fairly steep slopes.
Therefore, to control on the factor of need,
minimum tillage, which has nearly univer
sal applicability to row crop production in
central Iowa, was used as the soil conserva
tion practice. Minimum tillage is a form of
tillage that retains protective amounts of
residue mulch on the soil surface through
out the year. Farmers were asked if they
used minimum tillage and, if so, the year
in which they first used it.
The concept of minimum tillage as a soil
conservation practice has existed for many
years. However, we learned from experts
working in soil conservation that the real
effort by agencies to obtain acceptance of
minimum tillage by farmers did not occur
until the late 1960s. To a large degree, the
emphasis on conservation tillage was a part
of the general environmental concern that
mushroomed about that time. Thus, the
practice not only received new emphasis at
that point but also was subject to some re
definition to include prevention of envi
ronmental degradation as well as the
maintenance of the soil's natural fertility
(5). Thus, we chose 1966 as the base year
for the adoption of minimum tillage. This
was empirically supported by a natural
break in the data at this point, and the 13
respondents indicating that they used the
practice before 1966 were eliminated. In
addition, those 63 respondents who did not
begin farming until after 1966 were elimi
nated because they would not have had the
same opportunity to adopt the practice.
Therefore, our analysis is based on 117 re
spondents.
To determine if adopters of soil conser
vation practices are similar to adopters of
other innovations, we included a number
of personal, social, and economic vari
ables. The variables of age and level of
education for the operator were measured
conventionally, as were years in farming,
days of off-farm work for pay, and total
acres operated. Gross farm income was a
three-year average for 1977, 1978, and
1979 in 12 categories ranging from less
than $5,000 to more than $400,000.
September-October 1983
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We measured the business organization
of the farm according to increasing com
plexity: single-family operation, partner
ship of related or unrelated individuals,
and a corporation of a single family, more
than one family, or unrelated individuals.
Amount of labor hired included regular
full-time labor, regular part-time labor,
occasional day labor, and custom work.
Source of information about soil conser
vation was measured on a scale that
ranged from personal and primary re
sources, such as talking to relatives,
friends, and neighbors, to impersonal and
secondary sources, such as reading farm
magazines, listening to farm radio pro
grams, or watching farm television pro
grams. Organizational membership and
participation was given additional weight
for meeting attendance and holding of an
office.
We first determined the degree to which
the adoption of conservation practices
within this particular population is nor
mally distributed across time. Figure 1
shows the distribution of adopters across
seven 2-year intervals from 1966 through
1979. At the time of the survey in early
1980, adoption was not yet complete,
although 73 percent of the population had
adopted minimum tillage to some degree
during the previous 14 years. Even with
the small number of cases and incomplete
adoption the bar graph definitely shows an
approximation of the normal, bell-shaped
curve. A reasonable assumption would be
that the remaining 27 percent of the farm
ers who had not yet adopted conservation
tillage would, through additional time,
complete the right tail of the curve.
We conducted a test for normality on
the S-shaped curve of cumulative adopters
through time (1). A logistic curve was· fit
ted to the data using the equation:

where Ye is the percentage of farmers ex-

pected to adopt conservation tillage, x is
the time period in years, and K, a, and b
are constants (2). The observed and expect
ed frequencies were plotted through time
(Table 1 and Figure 2).
Both the table and the resulting curve
indicate a close cor:r:espondence between
observed and expected values. We com
puted a correlation coefficient between the
observed and expected values (1). With the
resulting coefficient of .99, we concluded
that the adoption of minimum tillage in
this population is normally distributed
through time.
Having demonstrated that the adoption
of minimum tillage is normally distrib
uted, are the relationships between time of
adoption and personal, social, and eco
nomic characteristics similar to those that
exist for other innovations? The t-test is a
statistical procedure that can be used to de
termine if the mean (x) values of some
characteristic of two groups are signifi
cantly different. We hypothesized that the
mean values of the personal, social, and
economic characteristics of the nonadop
ters would be different, either larger or
smaller (2-tail test), than the adopters at
the .05 level of significance.
Table 2 contains t-tests on the personal,
social, and economic characteristics for
adopters and nonadopters of minimum till
age. As the table indicates, the differences
in seven of the characteristics between
adopters and nonadopters are highly sig
nificant. We characterize adopters as be
ing younger, having a larger farm with a
greater gross farm income, owning more
land, hiring more labor, having a more
complex farm business organization, and
having greater involvement with organiza
tions. These results are consistent with the
traditional adoption-diffusion model.
Discussion

We addressed the issue of whether soil
conservation practices are different from
other types of innovations. A recent argu
ment (5) suggested that they really are no
different. They are simply types of preven-

2. T-tests between adopters and nonadopters of minimum tillage for personal, social,
economic characteristics.
Characteristic

Age (years)
Education (years)
Years farm operator
Gross farm income
Acres owned and operated
Total acres operated
Amount labor hired (days)
Off-farm employment (days)
Farm business organization
Conservation information source
Organizational involvement
430

Adopters
49.9
11.7
28.4
8.8
261
503
108
17
1.5
3.0
58.1

Journal of Soil and Water Conservation

Mean
Nonadopters
55.1
11.0
29.7
6.5
122
254
6
14
1.1
2.9
22.8

T-Value
2.73
1.80
.71
4.93
4.21
4.77
4.61
.32
2.71
.67
2.36

2-Tail
Probability
.01
.08
.50
.00
.00
.00
.00
.74
.01
.51
.02

tive innovations, that is, ideas or techn0l
gies associated with change in values
liefs, attitudes, or behavior with the �
fest function of reducing the probabn/
. .
y
some anticipated future state of affa.
1
Preventive innovations generally feat
r
the following characteristics that can h ll t
av
· effect on the adoption
· rat h e
a negative
e: i h
initial cost, low economic profitabilitg
high perceived risk, low immediacy of y'
wards, and additional time and effort f
or
implementation (3, 7). Thus, they are n
necessarily different from other inn ov°�
tions as innovations, but they are differe�
to the extent that they are more difficult t0
accept by a population.
Our· analysis tends to support this con.
clusion. As with other innovations, the
adoption of minimum tillage follows a nor.
mal, bell-shaped curve. Also, certain per.
sonal, social, and economic characteristics
differentiate adopters and nonadopters. As
a preventive innovation, the extreme
length of time required for adoption also is
supported: After 14 years, 27 percent of the
population had yet to incorporate mini
mum tillage into its operations.
Knowing that soil conservation practices
are adopted according to a pattern that is
similar to other new practices provides
conservationists a valuable tool in develop
ing and implementing soil conservation
programs. As shown by previous research,
this tool, the adoption-diffusion model, has
a high degree of reliability in explaining
the process and predicting the outcome of
the introduction of a new technology to a
target population. It can guide the practi
tioner in ( a) determining relevant
characteristics of the target population, (b)
selecting key individuals within the target
population for initiating the program, (c)
selecting appropriate information sources
and communication channels to reach spe
cific sectors of the population during
specific stages in the program, (d) under
standing the role of attitudes and values
(stewardship of the soil, land ethic, scien
tific and risk orientation, economic ration
ality) in adopting practices, and (e) under
standing the role of structural or institu
tional constraints, such as availability of fi.
nancing, land tenure, and managerial cap
abilities. The model itself does not provide
all this information, but it does provide a
comprehensive inventory of what informa
tion is desirable and a structure for its or
ganization and use in program develop
ment and implementation.
There are implications of the specific
findings of our research based upon the
adoption-diffusion model. Basically, we
found that the adopters of minimum till·
age were younger farmers with farm oper-
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ller farmers are better stewards of the
d. Greater adoption by this group of
Jllers, however, might be a result of
•11g more resources for implementing
servation practices, such as minimum
age, and for accepting risks associated
the practices.
he farmers with larger operations also
bably have higher levels of managerial
s needed for the more complex opera
s of using minimum tillage. To obtain
ption by farmers with smaller operas would require that agencies responsi
for conservation work direct more of
·r efforts and resources toward this
up. In other wor-ds, a certain amount of
''targeting" of programs is required to
reach the nonadopters and provide them
with the necessary resources. Furthermore,
greater personal contact with nonadopters
is required in place of the more traditional
approaches of informational meetings and
educational workshops. As our data indi
cate, nonadopters also tend to be nonpar
ticipators and, therefore, unlikely to at
tend public meetings.
Theory and application of the adoption
diffusion model has been extensively docu
mented elsewhere (3, 4, 7, 9).
Conclusion
Loss of topsoil from cropland has been a
major problem for half a century. The dis
turbing aspect of this problem is that soil
erosion can be reduced to an acceptable
level through the use of existing practices.
Various conservation techniques and struc
tures are known to be highly effective in
reducing soil erosion. Yet, despite major
programs that incorporate monetary in
centives with educational programs and
technical assistance, many of these conser
vat ion practices have received extremely
limited application. We suggest that cur
rent soil conservation programs may be im
proved and rendered more effective
through a more comprehensive approach
such as provided by the adoption-diffusion
tnodel. Although the data in this study
may have certain limitations due to the size
and nature of the sample, the results
deserve consideration and further evalua
tion at a time wh�n the soil is used with in
creasing intensity and finandal resources
for soil conservation are disappearing.
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ABSTRACT: No-till planting of corn (Zea mays L.) and
{Glycine max. (L.)
Merr.J in grass and legume sod mulches was evaluated from 1978 to 1982 in southern Illinois. Herbicides or growth regulators were selected for
to each sod to
a
a continuous cover.
of it alive or to allow it to regrow late in the season to
Results of these studies showed that good corn and soybean yields could be obtained while
to maintain a
maintaining up to 60 percent of a living grass mulch. It was more
living legume sod. A successful living mulch system could minimize soil erosion and runoff even more than a standard no-till system,
on
erosive land.
tion of such a cropping system by a significant number of farmers who grow row crops on
erosive land could
meet nonpoint
control goals.

IGHLY erosive land cannot be rowcropped without excessive soil loss,
even with proper residue management.
But the erosion hazard can be reduced if
no-till row cropping is combined with a
continuous sod cover or a living sod mulch
(10, 12).
Maintenance of a living sod involves
either the use of sublethal rates of herbi
cides to chemically mow the topgrowth of
grasses or legumes before planting corn,
soybeans, or other row crops into the sod
or the use of growth regulators for sod sup
pression (5). A number of researchers have
reported some degree of success in keeping
partial sod cover on cropped land (1-4,
6-9, 11, 13).
Our research focused on sod mainte
nance in row crop systems on highly ero
sive land in southern Illinois.
methods
Experiments in 1978 and 1982 (corn and
soybeans) were located at the Belleville Re
search Center. Soils were an Ebbert silt
loam (fine-silty, mixed, mesic Argiaquic
Argialboll) and a Stoy silt loam (fine-silty,
mixed, mesic Aquic Hapludalf). Our trials
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in 1979, 1981, and 1982 (com) were locat
ed at the Cooperative Agronomy Research
Center near Carbondale. The soil was a
Stoy silt loam or Weir silt loam (fine,
montmorillonitic, mesic
Ochra
qualf).
Soil pH on all plots ranged from 6.0 to
6.4, except for a 5.6
on the 1978 plots,
which received 6.7 metric tons of agricul
tural limestone per hectare (3 tons/acre)
prior to planting. Most plot areas were not
fertilized with phosphorus and potassium
prior to planting because of high soil test
levels (P1 = 50 +, K = 300 +).
Before planting corn or soybeans, a
cutting was removed. Stubble height was 8
to 10 centimeters (3-4 inches), and the
grass or legume was allowed to recover 2 to
4 days before planting and spraying. We
planted a commercial com hybrid at
59,280 kernels per hectare (24,000 ker
nels/acre) to strive for a final population of
about 49,400 plants per hectare (20,000
plants/ acre). Inoculated 'Williams' soy
at a rate of 67 kilo
beans were
grams per hectare (60 pounds/acre). Both
crops were planted with a commercial
four-row, no-till planter. Planting date
was mid-May for soybeans and ranged
from late April to mid-May for corn. Spac
ing between rows was 76 centimeters (30
inches) for all trials. No soil-applied insec
ticide or starter fertilizer was used.
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