






adoption of conservation practices by Virginia farmers, Norris and Batie 
(1987) found a one percent increase in income would increase the 
probability of adoption. 

Farm Debt 

It ha~ been argued that debt load inhibits the adoption of conservation 
practices. because. of Iimit~d resources, less management flexibility, and 
greater risk aversion. ~h.lI~ some support for this relationship has been 
found, data from the VI~glnla RCWP project showed participants had, on 
the average, almost tWice the debt load as nonparticipants (Kerns and 
Kramer, .1985). It may be that debt load is a secondary factor, important 
?nly as It reflects overall farm viability in such areas as farm size and 
Income. 

Tenure 

Are f~rm operators who own the land more likely to adopt conservation 
practices tha.n are tenan.ts? In addressing the national imperative for 
I~proved sOIl conservation practices, absentee landlords are often 
singled out as a major source of the problem. Specific studies that have 
addressed this question relative to soil conservation have found that 
own~rs are ind~ed more likely than tenants to implement conservation 
practices. Norris and Batie (1987) found ownership to be positively 
related to the I~vel of conservation investment. Apparently, owners 
have more to gain from long-term benefits and from capital improve­
ment~, and current programs and policies do not include the short-term 
benefits. t~at wil~ provide incentives for tenants. However, in looking at 
~he pa~tl~IP.ants In the Nansemond River/Chuckatuck Creek RCWP pro­
J~ct (Virginia), Kerns and Kramer (1985) found that renters were more 
likely than owners to .particip~te in .the cost-share program. They con­
~Iuded t~at tena~ts. will ~artlclpate In voluntary conservation programs 
~f they will benefit financially. Clearly the critical variable is whether the 
Incentives are sufficient for the operator -whether tenant or owner -to 
~hang~ from current practices. What is essential is to determine the 
incentives th~t will motivate both groups to adopt more desirable practi- , 
ces. In ~esolvl~g the ownerItenant difference, educational programs as ' 
well as incentives need to be targeted specifically to reach both groups. 

Attitude of Oper~tor 

Ste~ardship, agrarianism, and risk orientation are three attitudes that: 
can Impact adopti?n of new farmin~ practices (Nowak and Korsching,~, 
198~). Ste~ardshlp refers to a feeling of moral (versus social or eco-: 
nomic) obligation to maintain the land. Agrarianism is the belief that, 
farmers. have th~ right to use the land as they please without govern- ' 
mental intervention. The level of risk an individual can tolerate is consi-, 
dered to be an important factor affecting the adoption of new practices: 

1 that are to some degree unknown and unproven. Individual attitudes 
range from risk-averse, to risk-neutral, to risk-loving. 

Summary 

Given the wide range of factors that have been linked to conservation 
behavior, it is important to realize that these represent observed (and 
sometimes hypothesized) relationships, and should not be extended to 
imply cause-effect relationships. From a study of 918 Ohio farmers, 
researchers found support for some of these relationships, but con­
cluded that these factors could not be used to predict conservation 
behavior. 

Short-term economic return is clearly the most important objective for 
most farmers. If they do not survive in the short run, there is no need to 
consider the long run. Also, the focus on short-term pro'fit tends to 
increase in periods of uncertainty and economic stress. Farmers are 
concerned about the environment and surveys have shown that the 
level of concern has been increasing. A recent survey of Rockingham 
County (Virginia) dairy farmers showed concern for water quality and 
soil erosion ranked almost as high as the concern for profitability (Hal­
stead et aI., 1988). There is also a growing concern for personal safety, 
with an increasing level of interest in problems on the individual's farm 
versus national concern. But while environmental concerns are impor­
tant, farmers will evaluate new practices and technologies in terms of 
impact on profit rather than on the environment (Swanson et aI., 1986). 

TECHNIQUES FOR INCREASING BMP IMPLEMENTATION 

Operators are likely to modify their practices to implement a specific 
BMP when there is a clear benefit-whether social or economic-and 
when that change can be reconciled with the rest of the farm system. 
This means that a BMP must be simple to implement relative to the 
operator's managerial capability, and be compatible with existing land, 
machinery, and enterprise requirements (Nowak and Korsching, 1983). 
Increasing BMP implementation is thus dependent on providing an 
incentive and on overcoming obstacles to adoption. 

Nowak (1987) provides a very useful breakdown of the reasons why 
conservation practices are not adopted (Table 4). He defines two basic 
groups, those unwilling to adopt and those unable to adopt, with two 
possible motives characterizing each group. The appropriate program 
response for each of these groups is also indicated. Operators with goal 
conflicts will not adopt alternative practices because they have other 
higher priority goals (e.g., maximizing profit, maintaining complete con­
trol over property rights). The only possible motivation for this group is 
regulation. The second group unwilling to adopt conservation practices 
are those who have not had the opportunity to learn, and to whom the 
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apparent costs of gathering information to make a decision seems to 
outw~igh the potential benefits. Educational (including technical) assist­
a~ce IS need~d for t~ose unable to adopt because of problems or uncer­
tainty about integrating the new practices into their operation. The ele­
ment of risk-~hetherperceived or real-can also be addressed in part 
through ed~catlon. In the case where adoption is not possible because 
of economics (based on realistic financial analysis), cost-sharing is 
needed to reduce the cost of the practice. 

Table 4. Causes for nonadoption of BMPs and strategies for correction 
(from Nowak, 1987). 

Causes for Nonadoption Appropriate Program Strategy 

Unnwilling to adopt due to: 
Goal conflict Regulation 
Rational ignorance Education 

Unable to adopt due to: 
Complexity of system Education 
Too expensive Cost-sharing 

Nowak (1987) points out that financial incentives only address one 
~roup of no~-adopters, and that an implementation strategy needs to 
Include multiple tools-education, incentives, regulation-to be effec­
tive. Research is needed to determine the distribution of land users 
among these four groups. 

It is ge.nerally accepted that the private economic incentive for adopting f 

BM~s IS not ~trong. In ~act, from a systems perspective, BMPs represent .~ 
t~e introduction of environmental constraints to the agricultural produc- ; 
tlon system, and an associated cost would be expected. However, there. 
~re BMP~ (e.g., conservation tillage, and nutrient management) that can' 
Increase Income. BMPs that provide a direct economic incentive can be 
expected to be rapidly adopted provided that the necessary educational. 
and technical needs have been met. Two examples follow. 

Conserv~tion tillage is a BMP that has been widely and rapidly adopted. ' 
In a national survey of farmers, reasons given for using conservation 
tillage gave equal importance to cost and time savings as to conserva-' 
tion benefit. Of the farmers who implemented a conservation tillage 
prog~am in ~ 983, only 16% indicated that they were receiving any cost·;' 
sharing assistance (Magleby et aI., 1985). In contrast, reasons given by, 
farmers for not implementing conservation tillage have pointed to con", 
cern of increased risk, unavailability of equipment, and limitations 0 
soil and climate. 

The nutrient (animal waste) management program in Virginia has been 
well received following the implementation of education and demon­
stration programs and state cost-sharing support for construction of 
manure storage facilities which make proper nutrient management 
possible. Assistance in developing specific manure management plans 
and the ready availability of manure nutrient analysis (provided free by 
the state through a special program) has overcome some of the primary 
technical obstacles that could limit implementation. A survey of dairy 
farmers in Rockingham County, Virginia, revealed that nearly two-thirds 
of the responding farmers would use a manure testing service (Halstead 
et aI., 1988). 

Operators that are risk-averse may choose not to adopt new practices 
voluntarily until the perceived risk (whether real or not) is reduced. In 
some cases, additional experience and research is needed before the 
risk associated with different practices can be better defined. Education 
can reduce perceived risk that is due to incomplete understanding or 
misinformation, and economic incentives can help overcome perceived 
financial risk. 

Education 

Education is an essential component in increasing the adoption of 
BMPs. Before behavior can be changed, a person must know about the 
possible alternatives. Beyond this basic information, we question the 
role education can play in motivating change in behavior. Awareness 
(perception) of a problem, a need, or an opportunity can motivate 
change. Unfortunately, perceptions are not synonymous with reality, 
and problems may seem less severe if they affect one's operation 
(Nowak and Korsching, 1983). It is crucial, then, that an education pro­
gram focus on engendering accurate perceptions of agricultural impacts 
on the environment. 

While the negative impact of soil erosion on productivity and water 
quality may be widely recognized (Korsching and Nowak, 1983), knowl­
edge of it as a problem does not lead automatically to adoption of con­
servation practices (Kraft et aI., 1986). Surveys have shown a majority 
of farm operators are unable to provide reasonable estimates of the 
economics of conservation practices (Nowak, 1987). Lack of information 
(Le., educational needs) on a wide range of other factors will affect any 
decision. Uncertainty about weed and pest control (or other factors) will 
also be a major hindrance to adoption. Simply creating an awareness of 
~ problem is not a sufficient educational approach. As Ladewig and Gar­
Ibay (1983) found, a previous negative experience or unavailability of 
technical solutions will limit adoption of new behavior. 

F~om a survey of 1,200 Ohio farmers conducted in 1980, one conclu­
sion reached was that "lack of knowledge about conservation tillage" 
appeared to be the principal barrier to adoption for the 57% of the 
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respo~dent.s using conventional tillage practices. For those using con­
se~vatlon tillag~, a con.cern for soil and water quality as well as per­
ceIVed economiC benefit were the primary reasons given for selecting 
t~at practice. Ladewig and Garibay (1983) recommended that educa­
tional programs. be developed to address environmental factors of soil 
and water ~uallty as well as the economics of conservation tilla e 
Howe.v~r, this st.udy also demonstrated that while education is nec;s~ 
~ary, It I~ not of Itself always sufficient for bringing the desired change 
m behavIor. For b?th adopters and nonadopters, the availability (or lack) 
of necessary equipment was also a factor in whether conservation til ­
lage was used. 

The ca~e studies s~mm~r.ized above contain examples of both types of 
e~u~atl~nal needs Identified in Table 4, and there is likely no need to 
dlstmgulsh between the.m . .what is important is that an educational 
pro~ram be comprehensive .m addressing the complete range of infor­
m~tlo~al needs and be fle!(Ible to address specific needs. The overall 
objectIves of an NPS pollution control educational program should be to 
show ~and users that 1) a problem exists that will have serious public 
and pnvate consequences if left unresolved, 2) current practices are the 
caus~ of the problem, and 3) economically and agronomically feasible 
solutl.ons to the probl~m are ~vai~able (Nowak and Korsching, 1983). 
Meetm~ these ed.ucatlonal ~bJectlves will require different materials 
~nd metho?s for different regions and target audiences. The difficulty in 
~mpleme.ntmg an educational program that can meet widely varying 
mformatlon needs. ~ay be one reason why the impact of educational 
programs may be limited. 

From re?ent .surveys, it would appear that educational efforts should 
focu~ pnmanly on the third objective of providing information on eco­
nomlcall~ and a~ronomi~ally feasib.le solutions. There is wide publicity 
and publiC media attention to environmental issues and growing ac­
knowledgement an~ acceptance of their contribution to the problems on 
the part of the agncultural community (for example, the Rockingham 
County survey by Halstead et aI., 1988). The major educational need 
thus relates to overcoming barriers to adoption by promoting (factually) 
BMPs ~hat can address specific problems. In regard to no-till, Carlson 
and Dillman .(1986) conclud~d that tIthe kind of promotional effort 
~eed~? now IS ~o ~how precisely how no-till works in specific situa­
!Ions. F~rmers I~ the Northwest indicated that the primary sources of 
mformatlon a~d mfluence for adopting no-till were the SCS, other 
~armers,. and fIeld tours. Thus, the most important influences for adopt­
mg n.o-tlll were the practical, "hands-on" interactions; literature and 
meetmgs had a much smaller effect. 

~he rainfall simulator demonstration project in Virginia has used farm 
field days and ?ther public occasions to graphically demonstrate the dif- ~ 
ferences that tillage practices can have on runoff and erosion (Oillaha et}

) 
\ 

aI., 1988d). Responses from public officials and farmers indicated that 
the demonstrations created a new appreciation for the value of good 
crop management practices for reducing erosion and surface water pol­
lution. The nutrient management program in Virginia has used plot 
demonstrations on local farms to overcome uncertainties and perceived 
risks associated with using manure as a fertilizer source. This aspect of 
the program has been important in generating support and adoption by 
farmers. 

Economic Incentives 

Economic incentives are designed to increase participation in practices 
beneficial to soil conservation and NPS pollution control. Possible 
incentives range from income-enhancing cost sharing to income­
reducing taxation or other punitive approaches. Cost sharing has been 
the primary economic incentive used. Other techniques have largely 
been proposed and evaluated using modeling studies as a part of policy 
analyses. 

Cost sharing has been used in some cases strictly as an inducement, 
providing better than break-even return for adoption of a practice. 
Another motive for cost sharing is to distribute the cost burden to the 
public since farmers have no way to pass higher production costs to the 
consumer. This latter motive is one supported as an important part of 
an overall BMP implementation strategy (Nowak, 1987). A major limita­
tion of cost sharing is the vast resources required to implement a com­
prehensive national program. 

Several types of taxation could be used. A tax on production inputs (e.g., 
fertilizer) would cause farmers to seek more efficient production tech­
niques and create an incentive to move to alternate practices. A pollu­
tion tax has been proposed in some studies. Such a tax would put a 
direct cost on poor management practices and would place greater sig­
nificance on problem severity. The difficulty would be to enforce such a 
policy. 

Another incentive is to place restrictions on participation in price sup­
port or other income-enhancing programs. The cross-compliance provi­
sion in the 1985 Food Security Act is an example of this policy 
approach. McSweeney and Kramer (1986) found that such an approach 
could be a strong inducement for pollution control among southeastern 
Virginia farmers who participated in income support program. 

Regulation 

The 50-year effort in soil conservation has primarily been based on
 
voluntary participation. The more recent focus on agricultural nonpoint
 
Source pollution control and resource conservation has also relied, in
 
general, on voluntary participation. Economic incentives have also been
 
used to encourage participation.
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Regulation as an approach f '. 
pollution, while recognized ~~ controlling a~ncultural nonpoint source 
been considered less desirablea~h alte~natlve technique, has always 
incentive-based programs Va . an ependence on voluntary and 
and include specification 'of ;;ous reghulatory ap~roaches are possible 
result or performance (e g d a met od, technique, or activity, 2) a 

. . .., ownstream water quart d 3) 
extent, timing and type of activity (Bailey and Waddell, 1~j9)~n the 

While the potential for us' I" 
control has always been ac~~~~~~~ a~o~ ~n agricultural NPS pollution 
a voluntary approach for several rge , It as been bypassed in favor of 
strong public sentiment in the a . easons. In general, there has been 
controls and regulations 1m Ie gncult.ural community against land-use 
poses large problems in defi~ng~~~tatlon of a r~gUlatory approach also 
ing compliance (i.e., making the near, measura Ie standards, in assess­
viding the necessary manpower f ces~ary measurements), and in pro­

~~~~~~~e~a~e~~~~~eb:~~r:nOI~~~i~:F:~~r:;~~~~j~~C(~~~~F~~~11~ 
encourage use of BMPs". ary an~ Incentive programs...to 
available knowledge WC:UI~a~~~aIlY on the basl.s that scientists felt that 
program. support a national control (regulatory) 

It is readily acknowledged howeve h . 
incentives, separately or to' eth r, t at ed~c.atlon and economic 
effort to change beliefs and ~rac~r, a~e n~t sufficient solutions in the 
tion control. A percenta e of Ian Ices or ~tter conservation and pollu­
control environmental ?mpacts ~nu~ers Will not cooperate in efforts to 
reject any attempt at governmental int~~v~~~~~~. resources, and others 

But these nonparticipatory cases are n t th 
require maintenance and/or higher lev~,s ; onl~ pr?blem. Many BMPs 
remain effective. For exam Ie the 0 continuing management to 

f
animal w~ste storage faCjlit~ a're of ~~s~~s~:f~:i:~~~St:~~~t to bU.ild

d 
an 

rozen soli. Yet current voluntar . IS emptle on 
initial cooperative agreement ha~ ~rogramshhave little to .sa~ after the 
mentation and maintenanc een r~ac ed. T.he continuing imple­
potential point for breakd~;~c~nnserva~~on practices will always be a 
participation. a po ICy based only on voluntary 

The Support for regulation as one com
program appears to be rowin . ponent of a resource conservation 
(NoW~k~ 1987), conserv~tion g~~~~~ r~~~~te~9bl9~ufbliCpolicy analysts
 
ed offiCials. Perhaps one of the be . ' , ~rmers, and elect­

tability of regulation is the inclus·

st eV;d~nces of the Increasing accep­

in the 1985 Food Security Act ,~n rO t e cro~s-complia.n~e provision
 
related to controlling soil erosion' (w't~cent r:vlew of Opinion surveys
 
five general themes h I.. some ocus on Wisconsin) found
 
there is more su °t

n
/ e accept~bliity of regulation (SWCS, 1989): 1)
 

ppor or regulation among farmers than is generally 

lr 
recognized, 2) this support has increased in recent years, 3) the accep­

tability of regulation is greater for those farmers actively supporting soil
 
conservation, 4) support for regulation increases as the focus of regula­

tion becomes more local, and 5) the acceptability of regulation in­

creases if cost-sharing is associated with the required behavior.
 

Soil erosion control regulations have been enacted by several states
 
and counties. An assessment of these programs showed that few cases
 
have ever been to court. The major perceived accomplishment of these
 
programs has been the educational benefit derived by raising public
 
awareness of the problem and of the appropriate solutions (SWCS,
 
1989). The Wisconsin chapter of the Soil and Water Conservation
 
Society (SWCS) presented to the state legislature a position paper that
 
outlined concepts of a state program to regulate soil erosion (SWCS,
 
1989). In the Wisconsin proposal, regulation would function along with
 
current voluntary, incentive, and educational programs, and would be
 
aimed at correcting excessive, worst-case soil erosion. Criteria and
 
standards would be established, with enforcement based on "scientific
 
and technical judgements and professionally accepted predictive tools,
 
such as the USLE."
 

INSTITUTIONAL FACTORS 
Part of the reason for limited adoption can be attributed to factors
 
beyond the individual land user. Inter-organizational and organization­

landuser relationships playa key role in implementation. The current
 
institutional groups include the Soil Conservation Service (SCS) (techni­

cal/educational assistance), Agricultural Stabilization and Conservation
 
Service (ASCS) (cost-share funds), Cooperative Extension Service (CES)
 
(education and technology transfer programs), and the Soil and Water
 
Conservation District (a local base of planning). The functioning of the
 
current system has been described as ineffective and inefficient, with
 
landusers confused over the identities and functions of the different
 
agencies (Nowak, 1987).
 

Nowak (1987) places much of the blame for the failure in the national 
resource conservation effort on the lack of an effective organizational 
structure. He presents a model of a "bottom-up" approach where the 
local conservation district would assume leadership and would have the 
responsibility and authority to implement a conservation program. 

RESEARCH NEEDS 

At this point, there is a good understanding of what factors influence 
BMP implementation. It is less clear, however, how effective recent pol­
icy initiatives have been in overcoming financial obstacles to BMP adop­
tion. In particular, little is known about how the Agricultural Conserva­
tion Program established by the Food Security Act of 1985 has in­
fluenced BMP adoption. More research is also needed on how the 
effects of the cross-compliance provisions of this Act will affect the use 
of practices that are primarily water-quality related. 
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V.	 RECOMMENDATIONS FOR FUTURE RESEARCH 

Considerable progress has been made in quantifying edge-of-field pollu­
tant losses for most NPS pollutants for site-specific conditions. In addi­
tion, a theoretical understanding of many of the processes affecting pol­
lutant transport has been developed. This has allowed the development 
of a variety of mathematical models for simulating pollutant fate and 
transport. Unfortunately, many of the models are highly site-specific 
and the data required to use the models is not readily available. Also, 
most models are research oriented and are not well suited for planning 
purposes. 

Continuing research needs include: monitoring studies to provide infor­
mation for characterizing systems, for improving management, and to 
s~PP?rt modeling needs; and model development and validation to pro­
vide Improved management and assessment tools. Further research is 
needed in several general areas: supplying crop nutrient needs effi ­
ciently, fate and transport of nutrients and pesticides through the soil to 
groundwater, and pollutant transport from field to stream. Specific 
research needs to improve the effectiveness of BMPs for NPS pollution
control are as follows: 

1.	 Surface application of agricultural chemicals causes chemicals to 
concentrate at the soil surface where they are most susceptible to 
loss in surface runoff. To minimize this problem, research should be 
directed toward the development of chemical application methods 
that apply agricultural chemicals below the soil surface and minim­
ize disturbance of surface residue. Spoked-wheel injectors show 
particular promise, and further research should be directed toward 
their development and use. 

2. One of the biggest needs in nutrient management is a reliable test 
for plant available nitrogen. Currently, there is no widely accepted 
t~st, and soil testing laboratories do not test for soil nitrogen. Plant 
tissue analyses are available to determine plant nitrogen needs dur­
ing the growing season for supplemental nitrogen applications, but 
these tests are not widely used. 

3. The	 potential impact of preferential flow on fate and transport of 
agricultural chemicals under conservation tillage is not well under­
stood. Field studies are needed to define processes and important 
parameters, to 'develop management techniques, and to support
model development. 

4. Field investigations should be conducted to evaluate the losses of 
pesticides and nutrients from tile-drained fields under various man­
agement practices. 

5.	 Techniques should be developed to promote denitrification. in co~­


trolled drainage systems in order to minimize the loss of nitrate In
 

tile effluents.
 

6. A	 better understanding of pollutant transport proces~es between
 
fields and streams is needed, with particular emphasIs placed on
 
the role of filter strips and riparian zones. Resear~h .is needed to
 
develop modeling tools for more accurately pr,edlctlng pollutant
 
transport and loss during field-to-stream transpo.rt. Bo~h short- and
 
long-term dynamics must be considered to predict ultimate fate of
 
pollutants.
 

7.	 Satisfactory equations for describing sediment transport in shall~w
 

overland flow are not available. Currently used equations were orig­

inally developed for deeper channel flow condi~i~ns, and ~hallo~
 
overland flow violates most of the boundary conditions used In t.helr
 
development. New physically-based sediment transport equat~ons
 

are needed for shallow overland 'flow if NPS pollutant transport IS to
 
be modeled successfully.
 

8.	 Comprehensive water management models sho~ld be developed ~o
 

predict the impact of various ~anagement pr~c~lce~, such as no-till
 
crop production, controlled drainage, and sublrrlgatlon, on the qual­

ity of surface and groundwater.
 

9. Comprehensive databases for model develoP":lent, testi~g, and veri ­

fication are not available. A series of intensively mOnitored (Iong­

term) watersheds should be established, ~ith det~ile? data col­

lected on weather, landuse, cropping, chemical ap~lIcatlons, run?ff
 
quantity and quality, soil character.istics, ~nd other Important var~a­


bles. Without this data, models will continue to be evaluated with
 
inadequate databases, and modeling limitations will be blamed on
 
data limitations rather than limitations of the models.
 

10. Model development efforts for BMP assessment should concentrate 
on physically-based, deterministic, dis~ributed p~ra~eter models. 
These models are designed for use without calibration an~ have 
significant theoretical advantages over other types of models In eva­
luating BMP effectiveness. Standar? ~ethods ne~d ~o be devel~ped 
to determine whether model predictions fall within a prescribed 
range of true values. Without this, it is difficult to tive models or 
even determine the adequacy of their predictions. 

11. Advanced frameworks for management models must be developed 
that integrate geographic informa~ion systems, rer:note sensing, and 
knowledge-based systems to provide comprehensive, useable man­
agement tools. 
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