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Willingness of Forest Landownersto Use Poultry Litter as Fertilizer

Abstract

When manure nutrients exceed a county’ s cropland assimilative capacity, the potentia for water
qudity problems exists. Concerns about water quality have led to the passage of the Water Qudity
Improvement Act in Maryland which will impact the disposa of poultry litter on cropland. Forest
fertilization may be an dternative use for the litter. Forest landowners indicated their willingness to use
poultry litter as aforest fertilizer under avariety of incentives. Landowners with more acres, in certain
counties, and who were younger were most likely to be willingness. Surprisingly, landowners who
work with foresters were not more likely to agree, suggesting that foresters may not know about the

potentia benefits of poultry litter application in timber growth.



I Introduction

The U.S. has 160 counties whose livestock produce more manure phosphorous than can be
used in the county, even if spread on dl cropland in the county. The excess must ether be exported to
another county or disposed of in some other way (Kellogg et al. 2000). Sixty-four percent of
operations with farm-level excess phosphorous had poultry as the dominant livestock type on the farm
(Kellogg et d. 2000). When manure nutrients exceed the assmilative capacity of an entire county, the
potentia run-off and leaching can generate serious water quality problems. Concerns abouit the levels of
nutrientsin Maryland waterways led to the passage of the Maryland Water Qudity Improvement Act
of 1998, which may have sgnificant impacts on the gpplication of poultry litter on agriculturd land. The
indusiry needs to explore aternative disposal mechanisms that are cogt-effective. To determine
whether gpplication to neighboring forest land is a possible dternative, forest landowners were
surveyed about their willingness to use poultry litter as aforest fertilizer under avariety of financid
incentives.

Research has examined the costs or implications of restricting poultry litter gpplicationsto
agricultural land and of using dterndive policies to achieve the optimal leve of gpplication (Bosch, Zhu,
and Kornegay 1997; Govindasamy and Cochran 1998, 1995; Komen and Peerlings 1998; Parker
2000; Prato, Zu and Jenner 1992; Schnitkey and Miranda 1993; Xu and Prato 1993). However, to
the best of our knowledge, no one has investigated the dternative of forest land gpplication nor the
forest landowners willingness to use poultry litter.

Severd papers demondtrate the benefits of forest fertilization, including the use of biosolids

(Henry 1986, Edmonds and Cole 1977, Allen 1994, Allen and Lein 1998). In addition, forest



fertilization has become a more common practice, with fertilized acres climbing from 40,000 acres of
pinein 1988 to 1,037,000 acres of pinein 1998 in nine southern states (NCSFNC 1998). Bush et dl.
(1997) found that one ton of poultry manure per acre produced the greatest response in pine growth.
Using poultry litter, forest landowners may be able to increase their financid return, aswell as assst
neighboring poultry growerswith their disposal issue. However, if increasing forest yiddsisnot a
primary concern for forest landowners, incentives beyond an increased timber yield may be needed to
ensure that enough landowners are willing to provide an adternative disposd Ste for poultry litter. Birch
(19944, 1994b) examined landowners objectives for owning their forest land and reports that 40
percent have forest because it was “part of the purchased parcel.” Twenty-nine percent of the
landowners have forest for recreational and aesthetic enjoyment. Only 3 percent of those surveyed
dated that timber production is an important objective.
Background

Southeastern states from Arkansas and Louisanato Virginia have many counties with excess
phosphorus (Kellogg et d. 2000). But even some northeastern tates, including the Delmarva Peninsula
dates, have poultry litter disposal issues. The poultry industry raises gpproximately 625 million
chickens on the Delmarva Peninsula each year, producing more than 750,000 tons of manure
(Goodman 1999). These flocks excrete 53 million pounds of manure nitrogen (N) and 22 million
pounds of manure phosphorus (P) each year' —two nutrients that in large quantities can adversdy

impact water qudity. Poultry farming has been identified as one of the sgnificant sources of these

This number assumes that most growers follow the feeding recommendations of the Nationa
Research Council, which — given that most growers are operating on a contract bass—islikely.
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nutrients that can negatively impact the Chesapeake Bay and other water resources (College of
Agriculture and Natura Resources 1997).

Owners of poultry houses traditionaly have disposed of this poultry litter by spreading it onto
cropland asfertilizer. In addition to there being insufficient cropland on which to use the litter, recent
research has shown that soils with very high phosphorous levels may need more than sediment control
to prevent phosphorus runoff from these fields. According to Code (1999), under some farm
management systems, years of gpplication of P beyond that level necessary for optimum nutrient
avalability has resulted in extremely high soil P levels, which may contribute to P enrichment of field
drainage water.

Maryland's General Assembly passed the Water Quality Improvement Act of 1998 to address
concerns about these nutrients. This Act may curtall gpplication of manure litter as fertilizer in certain
aress (Parker 2000). Although Govindasamy and Cochran (1995) demondtrate that given certain crop
prices and transportation codts, transporting poultry litter from one Arkansas region to another is
feasble, this may not be the case in Maryland. The cost of poultry manure application from poultry
house to field, assuming a 90-mile haul from the Lower to Upper Eastern Shore, is $21 per ton applied
if 1.51 tons per acreisthe rate of application (Parker 1998). The cost of transporting and spreading
the 750,000 tons of manure produced in the Delmarva region would be $15.75 miillion if sufficient
cropland were available on the Upper Eastern Shore.? The increased cost of poultry production that
would result from higher transportation costs will negatively affect the poultry industry’ s profitability.

Given that the economic impact of a4 percent decline in Maryland's poultry production would result in

The cost would be even greater if growers had to find available cropland even further away.
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an annud loss of $74 million in economic output in the gate, a $29 million loss in persond income and
business profits, and aloss of 880 jobs, a decrease in the poultry industry’ s profitability could have
serious implications for the economic hedlth of the Delmarva agricultura industry (Musser and
Mallinson 1996).

Lower Shore forest landowners, on the other hand, have not traditionaly used poultry litter.
Thusther land is not saturated. Eighty-five percent of 290 surveyed forest land samples had
phosphorus levels that were low or very low based on the University of Maryland' sindex vaue
categories (Clayville 2000). Nor are the concerns about the impact on water quality the same for
forest land as for cropland, given that forest systems can filter and transform nutrients such as nitrogen
and phosphorous (Palone and Todd 1997). There are dmost 678,500 acres of forest land in eight
counties on Maryland’ s Eastern Shore (Table 1). Assuming the establishment and thinning of pine
plantations in any one year is gpproximately 13,000 acres and that the rate of application is 2 tons per
acre, 20-23,000 tons of poultry litter could be applied on forest land annudly (Tjaden and Garret
1999).

M odel

Each forest landowner is assumed to experience benefits and costs from using poultry litter on
her forest land. If alandowner perceives that the cogts of using litter exceeds the benefits in terms of
increased growth and profit, he or she will not employ the manure as afertilizer. Conversdly, if the
benefits exceed costs, alandowner will use the manure. While exact benefits and costs are difficult to
determine for each individua landowner, usng a stated preference gpproach, alandowner’ s willingness

or agreement to use poultry litter can be éicited. This approach is based on random utility theory,



which permits discrete choicesin a utility-maximizing framework (Hanemann 1984, Hanemann and
Kanninen 1996). Anindividua’sindirect utility function can be represented by V,(x;, ) where x; isthe
persond and land characterigtics of theindividud 1 and q isthe use of poultry litter; g=0 if poultry litter
is not used (the status quo) and g=1 if poultry litter isused. If the landowner has chosen not to use
poultry litter, hisindirect utility is grester without use than with use, or Vi(x;, 0) > Vi(x;, 1). If the
landowner has chosen to use the litter, then we assume the benefits exceed the cogts, or V;(x;, 0)
<V,(x;, 1). Toincrease the benefits of usng poultry litter, one can provide incentives for manure use,
such that V;i(x;, 0) < Vi(x;, 1,C), where C is the monetary incentive provided when poultry litter is used.
Thus an owner’ s willingness to use poultry litter can be dtered by finding the incentive bid leve that
ensures V;(x;, 0) < Vi(x;, 1,C). If theincentive was sufficient to ensure that V;(x;, 0) < Vi(x;, 1,C), a
landowner will respond that she agrees to use poultry litter. The incentive level offered could result ina
gtuation where V;(x;, 0) = V;(x;, 1,C) , and the owner may say he does not know whether he iswilling
or heisindifferent to usng poultry litter. Smilarly, if theleve of incentive resultsin a Stuation where the
cogsremain larger than the benefits, V;(x;, 0) > V;(x;, 1,C), then alandowner would decline to use
poultry litter.

Many factors will affect alandowner’sindirect utility function and thus willingness to use poultry
litter. Increased revenues from timber harvest due to the fertilization’simpact on tree growth is
expected to increase alandowner’ s utility.  Landowners who expect to sl timber in the future will
recelve a monetary benefit from the increased growth thus are hypothesized to be more willing than
those landowners who have no such plans. Landowners who currently have aforest management plan

may find that poultry litter is another management tool for them to use to achieve their objectives. They



are expected to be more willing to use the litter than landowners without a management plan.
Landowners who are operating farmland next to their forest land, i.e. have arolein the day-to-day
management, rather than leasing it out or not farming it are expected to be more willing to adopt poultry
litter fertilization. Those who had previoudy sold timber are hypothesized to be more willing to use litter
since they have experience in timber sles and may better understand the benefit of increased growth.
In addition, landowners who have never sold timber may own timber for objectives other than profit,
such as recreation or aesthetics. Therefore, these landowners are expected to be less interested in
increased profitability. We expect that a connection with aforester may increase alandowner’s
willingnessto use fertilizer. Thus we include a varigble about whether the landowner had been assisted
by aforester in a previous timber sdle. This connection may also decrease the transaction costs of
using the poultry litter, assuming the forestry community has been educated about its use.

Thetiming of a previous timber sale or an expected sde may aso impact alandowner's
willingness. For example, if respondents are more likely to use fertilizer when reestablishing a stand of
trees, one would expect that the number of years the respondent has owned the farm to impact his or
her willingness. Landowners who recently purchased the land may be more likely to use poultry litter.
Smilarly, thetiming of the previous timber sde indicates when fertilization would be ussful. We expect
that landowners who have sold their timber within the last 2 years and are reestablishing their sands
would be more likely to agree to use poultry litter than those who sold longer ago. However, if the sdle
had been made more than 10 years ago, these landowners could be planning a future sale and thinking
about reestablishment. They thus may be willing to consder investigating the possibility of usng poultry

litter in the future. The landowner’s age may aso affect the expected utility of poultry litter forest



fertilization. 'Y ounger landowners would be more willing to consider poultry litter use Snce they are
more likely to benefit from the increased growth of their forest stand. Therefore, we hypothesize that
landowners 60 years or older are less likely to adopt poultry litter unless they have avery strong
bequest mative.

Few forest landowners have used poultry litter for forest fertilization previoudy. The
transaction costs (time and energy) to learn about these practices may decrease alandowner’ s indirect
utility and thus his willingnessto use the litter. The transaction costs are expected to be lower per acre
for forest landowners with larger ands. Therefore, we expect a higher level of willingness to consder
the manure s use from landowners with more acres compared to those with 50 or fewer acres. We
aso expect that these larger landowners are more likely to be managing their timber for profit and thus
will be more interested in the increased growth and productivity that fertilization will provide.
Landownersin the Lower Shore counties of Somerset, Wicomico, and Worcester are closer to the
poultry houses. Because of this proximity, these landowners may dready have experience with using
poultry litter on their cropland, and would have lower transaction costs to adopt poultry litter
fertilization in their forest gands. These landowners are expected to be more willing to agree than those
in other counties. Respondents with a college degree or higher level of education are thought to be
more willing to use poultry litter than those who did not finish college.

Econometric Models

If the true willingness to use poulltry litter is'Y;, given x;, the proxies for benefits and for costs,

thenY, = x; 3+ u; . The vector, Xx;, includes persona and parcd characteristics for individud i (age,

education, geographic location, forest practices, expectations). While an individua may know her



preferences with certainty, these preferences may contain € ements that are not observable and thus an
eror teemisincluded. The error is assumed to have a sandard norma distribution such that u; ~
N(0,1). Thetruewillingness, ;, is not observed, but the stated response of willingness on the survey,
Y;, Can be used.

Concerns about respondents’ ability to state their true willingness have caused debate about the
stated preference method. Respondents may be unable to provide their true preferences because they
have had little prior experience with the item in question and thus may have difficulty assessing the costs
and benefits during asingle survey (Cummings et d. 1986). A person’swillingness may be formed or
may adjust by the new information provided by the survey itsdf (Gregory and Sovic 1997). Smilarly,
if the offered incentive istruly an optima bid for individud i, then “don’t know” or “indifferent” could
actudly be the vaid answer. If the willingness question is vaguely defined, respondents also may be
unable to determine ther true level of willingness. Svento (1993) demongtrates that recoding “don’t
know” answersinto the“no” category or into the “yes’ category resultsin subgtantialy different
aggregate benefits measures for aproject. Using an ordered modd did not decrease the variance of
the estimates but did permit the researchers to tease out the “indifference belt.” To determine the extent
of theinterest in using poultry litter on forest land in the Eagtern Shore, we want to examine how
characterigtics affect respondents willingness for those who are uncertain (“don’t know”) aswell asfor
those who indicated “yes.” Ten percent of our sample responded with “don’t know.”

Therefore, two different types of econometric models are estimated. First, we estimate a binary

probit under which the “don’t know” responses are assumed to be “no” answers.  Second, we



estimate an ordered probit where the “don’t know” responses are treated as amiddle category.® An
ordered-response modd (rather than amultinomia logit) is used due to the naturd ordering of the
discrete choices (“willing,” “don’t know,” “unwilling™).

For the binary case, the observed or stated willingness is used as the dependent variable
assuming that y,=0if x; 3<u;, and y;=1if x; B>u;. Thusthe Prob(y; " 1) " Prob(u>&x;3) " 1&F (&x;13),
where F isthe cumulative dengty function for |; assuming anormad distribution (Maddaa 1983), the
likelihood functionis

L® by o F(&xR) by -1 [1&F (&x,13)]
Thelog-likdihood of this function is maximized with respect to the 3.

For the order case, the stated preference is used as the dependent variable assuming that

y; =0 (unwilling to accept) ifa_ <Y, <ay,

y; = 1 (don’t know) ifa<Y; <ay;

y; = 2 (willing to accept) if a,<Y, <ay;

such that a ,<a<ay<a,. The a’'sarefree parameters and bind the ranges containing the true
preference, Y; . No sgnificance is assigned to the unit of distance between the stated responses, y;'s.
Weseta,;=-4,a,=+4,and anchor a, a zero. Y, isassumed to be within the " rangeif a;; <Y;

<a; (j=0,1,2). The Prob(y; = j) isthe probability that Y isinthej™ range. Lety; = 1if Y; isinthej™

3We aso estimated a binary probit mode for which the “don’t know” responses were treated
asmissng. The coefficient esimates under this modd were quditatively and satisticaly equivadent to
those reported for the ordered probit model. Therefore, the estimated coefficients from this model are
not reported. Since we have alarge data set in the study, we could have discarded the “don’t know”
reponses with missing data with little effect on the estimation. However, with many surveys of this
type, the number of observations necessitates the use of the “don’t know” responses.
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range, and y;; = O otherwise (Greene 1995).

The probability that an individua’ s response was answer j is

Prob(y; = 1) = F (a i~ X b )- F (a -1 X b),whereagain F isthe cumulaive densty

function for the norma didribution, x; isavector of exogenous characteristics of individud i, and the

a’sand b’s are coefficients to be etimated. Thelikdihood function is;

L :("_)O[F (aj - xb)- Fla i1 Xib)]y” The log likelihood is

o

log L = 5} 5?]1 Yii |09[F (aj - Xib)' F @ j-1 " Xib) We used SASversion 6.12 to

compute the regression estimates.
Data

In June 2000, American Forest Industries and Maryland Cooperative Extension conducted a
telephone survey of 402 landowners owning 40 or more acres of forest land in eight counties on
Maryland's Eagtern Shore. A ligt of 4,000 forest landowners was generated from the Maryland Tax
and Assessment Database. The survey goa was 10 percent of the landowners, or 400 completed
surveys. A tde-match service was used to locate tel ephone numbers for these landowners, and 3,320
telephone numbers were identified. Eighty-nine individuas, or 22 percent of the number of completed
surveys, refused or did not complete the survey for various reasons. In addition, 144 individuas were

not digible because they had no forest land.
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Descriptive Satistics

Most respondents (59 percent) owned fewer than 50 acres of forest land, while 20 percent
owned more than 100 acres. Of those with pine trees (90 percent), 37 percent stated that their pine
stand made up 50 percent or less of the forest land they owned. Over one-quarter of the respondents
reported that 75 to 100 percent of their forest land wasin pine. Table 2 presents the means and
gandard deviations for the survey sample.

Ninety-three percent of survey respondents reported that they privately own their own land.
Twelve percent have owned their land for five years or less, 12 percent from 6 to 10 years, 25 percent
from 11 to 20 years, 15 percent for more than 20 years. Forty-two percent of the respondents
currently have aforest management plan. Fifty-eight percent have sold timber from their land a some
point in the past. Thirty-eight percent were asssted by aforester in the timber sale. Eleven percent
have sold timber within the last two years, another 13 percent between 3 and 5 years ago, 11 percent
between 6 and 10 years ago, and 22 percent more than 10 years ago. Almost haf the respondents (48
percent) said they were likely to sdll timber a some point in the future. Of those with agriculturd land
next to their timber land, 32 percent farm it themsalves (owner/operator), and 43 percent lease the
farmland to others. Twenty-two percent of the respondents earn 10 percent or less of their income from
farming or forest management activities. Forty percent earn between 11 and 25 percent of their income

from these occupations, while 10 percent earn between 26 and 50 percent, and 7 percent between 51
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and 100 percent. Six percent of respondents were less than 40 years old, 38 percent were between 40
and 59 years old, and 47 percent were 60 years old or older. Over one-third of the respondents (37
percent) had finished college. Sixty-one percent of the survey respondents were male.
Results
Awareness Questions

When asked if poultry litter was an effective fertilizer for increasing growth and profit from
timber sdles, dmost haf of al respondents (49 percent) “agreed,” 34 percent “did not know,” and 17
percent “disagreed” (Figure 1). More than haf of the respondents (54 percent) agreed that the
gpplication of poultry litter to forest |land was an environmentally sound practice when done as part of a
nutrient management plan, while 24 percent said they disagreed, and 22 percent ether responded that
they did not know or provided no answer. When asked about commercid fertilizers, more respondents
said that they did not know whether fertilizers like 10-10-10 would incresse tree growth (42 percent)
than those who agreed that it would (39 percent). Another 19 percent said that 10-10-10 would not
increase pine tree growth. Thisleve of awareness coincides with the slvicultura practice of not
fertilizing trees, which was established many years ago. The cogt of fertilization was deemed too high for
the economic return received. However, research in the forest industry has begun to demondtrate thet,
in certain cases, fertilization may be profitable (Albaugh et a. 1998; Allen 1994; Allen and Lein 1998;
Beem et a. 1998; Moorehead 1997; and M oorehead 2000).

After diciting awareness about these issues, the respondents were read a brief statement
indicating the benefits of poultry manure in increasing pine tree growth:

“According to recent studies by the University of Maryland and other research
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univergities, pine forests are well suited for the use and gpplication of poultry
manure as afertilizer. By following asmple management plan, pine tree growth
increases by 20-30 percent with no adverse environmental impacts to the forest
land or watershed.”

Respondents were then asked if they would be willing to use poultry litter under arange of
different incentive mechanisms. Sixty-three percent of the survey respondents said they would consider
apoultry litter gpplication if offered areduction in Sate income taxes (Figure 2). Sixty-four percent
agreed that if Maryland provided a cost-sharing program that defrayed the application costs of poultry
litter, they would consider gpplying it. An even greater number of respondents (67 percent) said they
would congder poultry litter fertilization if areduction in property tax was offered as an incentive.
Fewer than 50 percent of respondents (49 percent) said they would agree to apply poultry litter if the
incentive were a one-time payment of $20 per acre. An average of 10 percent of the respondents did
not know whether they would use poultry litter under these incentive schemes.

The leve of incentive provided by the different mechanisms varies. Policymakers could
examine which incentive mechanism gives the highest degree of willingness for the lowest
implementation codt. It is difficult, however, to determine the actud cost of implementation and the
benefit to the landowner of these various mechanisms. For example, State income tax reductions
depend on the level of rdief provided. Given a state income tax rate of 5 percent, a $100 credit would
be worth $5 and a $1000 deduction would result in $50 tax savings. A cogt-share program that
covered 100 percent of the cost would remove any direct cost to the landowner of using the poultry

litter. If the landowner was usng commercid fertilizer in a pine sand establishment, using poulltry litter

a no charge would save the landowner the cost of the commercid fertilizer. These savings were
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estimated to be $46.14 per acre. If the landowner was not using fertilizer, then poultry litter use would
benefit the landowner by increasing growth and future timber returns.  The present vaue of a property
tax reduction incentive if one assumes a5 percent interest rate and reduction for a 20-year period
would be $46.73 per acre. Conversdly, the $20 per acre incentive reduces to $14.40 if the landowner
isin the 28 percent income tax bracket (Lynch and Tjaden 2000b).

Unfortunately, for any robust economic andyss, the questions about willingness with the
different incentive levels did not include monetary levels except in the case of the $20 per acre payment.
It isimpossible to know what each respondent was thinking about the value of the different incentives
when indicating her willingness. Therefore, while interesting to know which type of incentives dicited
the highest degree of willingness, direct comparisons between the types of incentives cannot be made.
However, we do have one incentive scheme that contained amonetary value. The analysis of
willingness to consider poultry litter use under this scheme provides a basis to conduct further analysis
and ingghts into which type of forest landowners might be the most receptive. Therefore, we present
this set of regression coefficients explaining an owner’ swillingness to consider poultry litter use when a
one-time incentive of $20 per acre is provided.

Regression Results

The estimated coefficients for both the binary probit and the ordered probit explaining
willingness to use poultry litter with a one-time incentive payment of $20 per acre as a function of
demographic, farm, and land characteristics are found in Table 3.

In the binary model, the “don’t know” responses were recoded as “no” responses. The overdl

fit of the modd was good ( 7 = 53.894, D.F.=21). The modd correctly predicted 73.6 percent of
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the actud responses. Some of the estimated coefficients were consstent with our expectations. The
timing of a past timber sale influenced alandowner’ swillingness. Those with sales between 6-10 years
ago were less willing to consder poultry litter fertilization than those with asdeinthelast 2 years.

Y ounger farmers were more willing to agree than those landowners aged 60 years or older.
Landowners who owned more than 200 acres were more willing to consider poultry litter use than
farmers who owned 50 or fewer acres. However, landowners with 51-200 acres were not statistically
different from the owners of smaller acreages. Thus our hypothess about lower transaction costs for
larger growers was not fully borne out. Only respondents who lived in Somerset County were more
willing than respondents in other counties to gpply poultry litter to their forest land if paid $20 an acre.
Neither Worcester nor Wicomico respondents were more likely that those in the Upper Shore
counties.

We have some estimated coefficients that were contrary to our hypothesis. For example,
landowners who owned the land for 6-10 years were more likely to agree to consder poultry litter use
than more recent owners. Those who had owned the land for more than 10 years were not Satistically
different from the more recent owners. Landowners with aforest management plan were less likely to
agree to poultry litter use. This suggests that the forestersin Maryland may not be recommending
fertilization of tree dands.  Alternatively, Maryland landowners may be designing their forest
management plans around non-growth objectives. Having sold timber in the past did not influence a
landowner’ swillingness. In addition, those who said they were likely to sdll timber in the future
exhibited no difference from those who didn’t plan to afuture sde. Those who operated the adjacent

farmland themselves were not more willing than those who leased out the land or did not farm it.
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Neither gender nor education had any influence on willingness.

The ordered probit estimated coefficients were smilar in most cases. The overdl fit of the
model was good ( ?* = 58.184, D.F.=21). The model correctly predicted 70.7 percent of the actual
responses.  The estimated coefficient for number of acres owned, for county of residence, for
landownership, and for the forest management plan variables had the same sgn and were Satidticaly
sgnificant in both the binary and order probit models. The ordered probit however had a number of
edimated coefficients that were satisticaly significant than were not significant in the binary probit case.
For example, those with sdles more than 10 years ago were less willing to consider poultry litter
fertilization than those with asde within the last 2 years. In sum, landowners with timber sales within
the last 5 years are more likely than others to agree to use poultry litter. This supports the hypothesis
that landowners are most likely to be willing when they are re-establishing their tree stand. Unlike the
binary modd, this andysis found that if a respondent had sold timber in the past, he was more willing to
consider gpplying poultry manure.  If aforester had asssted a respondent with a past timber sae, then
the respondent was more willing to consider using the litter. Under this estimation, we also find that
those respondents who are owner/operators are more likely to consider poultry manure use than those
who lease out the land or do not farmit.

Conclusions

The survey and andysis reved two separate issues. Firdt, forest landowners may not think that
fertilization is an economicaly efficient practice, especidly if they are planning afuture sde. Fewer than
40 percent of the survey respondents knew that commercid fertilizer would increase tree growth.

Almogt hdf said they were aware that poultry fertilizer could increase growth. Over haf (54 percent)
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thought that applying poultry manure could be an environmentally sound practice. Educationa
programs would be needed to explain the benefits and costs of forest fertilization to determine whether
fertilization itself isan optimal or desrable practice for pine forest landowners.

Second, many forest landowners expressed willingness to consider using poultry litter. As
dternative disposa options are sought for the litter, policymakers need to determine what type of
incentive program is likdy to shift willingnessinto action and which type of landowner should be
targeted. Almost half of the survey respondents indicated their agreement to consider using poultry
manure as fertilizer on their pine trees if offered a $20 per acre incentive payment. However, if
policymakers aso want to motivate those landowners who responded “do not know” or “disagree,” a
higher incentive payment per acre or a different type of incentive will be necessary.  Thesereaults
provide some preliminary information for designing such a program, athough information about the
other incentive mechanisms (property tax reduction, income tax reduction, and cost-share) linked to
monetary levels would be useful. Policymakers dso need to determine whether Maryland forest
landowners seek to maximize profits from their ands or are managing them for non-monetary
objectives. If profit motives are secondary for many owners, incentives to aid the nearby poultry
industry and to promote environmenta stewardship might apped to them more than direct financid
incentives. Increased tree growth may promote carbon sequestration, for example, thus educationa
programs outlining this benefit may motivate some landowners to use poultry litter.

We found that using the ordered probit model teased out additiona significant coefficient
estimates compared to the binary probit model. The ordered probit results indicated that timber sales

will influence willingness. Those who had sold timber in the past, those who were asssted by a
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forester, and those who plan to sdll timber in the future are more willing to consider poultry litter
goplication. Thuslandowners with past timber sales could be targeted by an incentive program. The
congstent results between the two models suggest that under the $20 per acre incentive mechanism,
farmers with more than 200 acres were more likely than those with fewer than 50 acresto agree to use
poultry litter. Outreach efforts could target farmers with more acreage, who are more willing to use
poultry litter and may have more forest acreage on which to gpply it. In addition to farmers with more
acreage, landowners in Somerset and nearby Lower Shore counties should be approached first.
Somersat respondents indicated a higher level of willingness to use poultry litter than respondentsin
other counties. Y ounger farmers aso expressed a higher level of willingnessto consider poultry manure
gpplications than did older farmers.

Having atimber management plan decreased alandowner’ s willingness. Workshops to
educate the forester community that asssts forest landownersin designing management plans that
discuss the benefits of fertilizer use and especidly poultry manure on forest land may be required.
Given the degree of negative publicity that nutrients and poultry litter in particular have garnered over
the last few yearsin Maryland, it is possible that foresters are recommending that forest landowners do
not fertilize their land.

Forest landowners willingness to gpply poultry litter may provide an dternative to applying it
to cropland, as the Water Quality Improvement Act isimplemented and nutrient management plans
formulated. The proximity to poultry houses, the low phosphorus level, and nutrient uptake ability of
forest stands make forest land fertilization an environmentally sound dternative. In addition, it may be

more cost-effective than trangporting the litter to other regions for use on cropland. Pine sands are
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present in many Southeast states, many near poultry-producing regions. Thus forest fertilization may
aso be an option for other regions and counties generating excess phosphorous beside the Delmarva
Peninsula. While apossible dternative, forests done will not provide enough acreage for dl the
available manure. However, beyond being a poultry litter disposal dterndtive, forest fertilization may
have additiona benefits including increased timber growth, carbon sequedtration, wildlife habitat
provison, and support of the forest industry.  Thus, policymakers should continue to investigate what
type and levd of incentives may be needed to motivate a high degree of willingness to use poultry litter

on the part of forest landowners.

19



References

Albaugh, Timothy J., Lee Allen, Phillip M. Dougherty, Lance W. Kress, and John S. King. 1998.
Leaf area and above and below ground growth responses of loblolly pine to nutrient and water
additions. Forest Science 44(2):317-328.

Allen, H. Lee, 1994. Enhancing So. Pine Productivity with Fertilization. The Consultant. Summer.
12-17.

Allen,H.L. and S. Lein. 1998. Effectsof Site Preparation, Early Fertilization, and Weed Control on
14 Year Old Loblolly Pine. Proceedings of the Southern Weed Science Society. 51:104-110.

Beem, Marley, D.J. Turton, C. Barden and S. Anderson. 1998. Application of Poultry Litter to Pine
Forests. Oklahoma Cooperative Extension Service Fact Sheet # F-5037.

Birch, Thomas W. 1994a. “Private Forest-Land Owners of the United States’, Northeastern Forest
Experiment Station Resource Bulletin NE-134. USDA Forest Service, 147.

Birch, Thomas W. 1994b. “Private Forest-Land Owners of the United States,” Northeastern Forest
Experiment Sation Resource Bulletin NE-136. USDA Forest Service, 6-7, 73.

Bosch, Darrdl J., Minkang Zhu, and Ervin T. Kornegay. 1997. “Economic Returns from Reducing
Poultry Litter Phosphorus with Microbia Phytase” Journa of Agricultural and Applied Economics
29(2):255-66.

Bush, Parshdl B., W.C. Merkaand L.A. Morris. 1997. Application of Pelletized Poultry Manure at
Time of Panting. Proceedings of the Ninth Biennia Southern Silvicultural Research Conference,
February 25-27, Clemson University, Clemson, S.C.

Clayville, Brooks. 2000. Andysis of Eastern Shore Forest Soils. William R. Miles (ed.) Assessing the
Interest and Capability for Private Forest Landowners' Involvement in Utilizing Poultry Litter
on the Eastern Shore of Maryland. Huntingtown, Md: Association of Forest Indugtries, Inc.,
December.

Code, Frank. 1999. Phosphorus Dynamicsin Soils of the Chesapeske Bay Watershed: A Primer.
Current Issues and Trends, Chesapeake Research Consortium, Inc, Edgewater, Maryland.

College of Agriculture and Natura Resources, 1997. Agriculture and Its Relationship to Toxic
Dinoflagellates in the Chesapeake Bay, University of Maryland. Nov.

Cummings, R., D. Brookshire, and W. Schulze. 1986. Valuing Environmental Goods. As

20



Assessment of the Contingent Valuation Method. Rowman and Allenheld. Totowa, NJ.

Edmonds, R.L. and D.W. Cole. 1977. Use of De-watered Sudge as an Amendment for Forest
Growth. Vol. 2. Center for Ecosystern Studies. College of Forest Resources. University of
Washington.

Goodman, Peter S. 1999. “The Cogt to the Bay; Who Pays for What is Thrown Away?’ Washington
Post, Aug. 3, 1999, p AO1.

Govindasamy, Ramu and Mark J. Cochran. 1998. “Implications of Policy Regulations on Land
Application of Poultry Litter,” Agricultural and Resource Economics Review 27(1): 85-94.

Govindasamy, Ramu and Mark J. Cochran. 1995. “The Feasibility of Poultry Litter Transportation
from Environmentaly Senstive Areasto Delta Row Crop Production,” Agricultural and Resource
Economics Review, 24:101-10.

Greene, W. H. 1995. Limdep Users Manual, Version 7.0, Econometric Software Inc.

Gregory, R., and P. Sovic. 1997. “A Congructive Approach to Environmental Vauation.” Ecological
Economics. 21(3):175-181.

Hanemann, W. Michadl. 1984. “ Discrete/Continuous Modds of Consumer Demand.” Econometrica.
52:541-62.

Hanemann, Michadl and Barbara Kanninen. 1999. “The Statistical Analysis of Discrete-Response CV
Data,” in eds, lan J. Bateman and Kenneth G. Willis. Valuing Environmental Preferences. Theory
and Practice of the Contingent Valuation Method in the U.S,, EU, and Developing Countries.
Oxford University Press. Oxford -New Y ork.

Henry, C. 1986. Use of Biosolids to Enhance Forest Ecosystems  College of Forest Resources.
University of Washington.

Kellogg, Robert L., CharlesH. Lander, David C. Moffitt, and Nod Gollehon. 2000. Manure
Nutrients Relative to the Capacity of Cropland and Pastureland to Assimilate Nutrients: Spatial
and Temporal Trends for the United States. United States Department of Agriculture, Natural
Resources Conservation Service, Publication Number nps00-0579. December.
http:/Aww.nhg.nrcs.usda.gov/land/pubs'manntr. pdf

Komen, M. H., and JH. Peerlings. 1998. “Redtricting Intensve Livestock Production: Economic

Effects of Minera Policy in the Netherlands.” European Review of Agricultural Economics. 25(1):
110-28.

21



Lynch, Lori and Robert Tjaden, 2000a. Linking Land and Water: Buffering Your Stream. Maryland
Cooperative Extenson Publication.

Lynch, Lori and Robert Tjaden, 2000b. “Landowners Attitudes toward Poultry Litter,” ed. W. R.
Miles, Assessing the Interest and Capability for Private Forest Landowners' Involvement in
Utilizing Poultry Litter on the Eastern Shore of Maryland. (Huntington, MD: Association of Forest
Industries, Inc., December).

Moorehead, David J. 1997. Opportunities for Fertilizing Pine Plantations. The Georgia Plant Food
Education Society Newsletter. 46 (2):2.

Moorehead, David J. 1998. Forest Fertilization Speaker Notes. Bugwood Pub. #98-008.
http://mww.bugwood.org

Mooreheed, David J. 1998. Fertilizing Pine Plantations: A County Agents Guide for Making Fertilizer
Recommendations. Bugwood Publication #98-009. http://www.bugwood.org

Moorehead, David J. 2000. Fertilizing Pine Plantations-A County Agents Guide for Making Fertilizer
Recommendations. Georgia Cooperative Extension Service, Warndl School of Forest Resources, The
University of Georgia, Athens, GA. Web site hitp:/Mmww.bugwood.org/fertilizetion/csoillab.html.

Musser, Wedey N. and Edward T. Mdlinson, 1996. “ Economic Impact of Potentid Avian Influenza
Outbresk in the Ddmarva Region,” Economic Viewpoints, 1(2): 1-3.

North Carolina State Forest Nutrition Cooperative (NCSFNC). 1998. Effects of Site Preparation and
Early Fertilization and Weed Control on 14 Year Old Loblolly Pine Growth. NCSFNC Report No.
36. North Carolina State University, Department of Foresiry.

North Carolina State Forest Nutrition Cooperative (NCSFNC). 1996. Response of Mid-rotation
Loblally Pine Plantations to Fertilization. NCSFNC Report No. 37. North Carolina State University,
Department of Forestry.

Palone, Roxane S. and Albert H. Todd (editors). 1997. “Chesapeake Bay Riparian Handbook: A
Guidefor Egablishing and Maintaining Riparian Forest Buffers” USDA Forest Service, NA-TP-02-
97. Radnor, PA.

Parker, Doug. 2000. “Controlling Agricultura Nonpoint Water Pollution: Costs of Implementing the
Maryland Qudity Improvement Act of 1998,” Agricultural Economics.

Parker, Doug. 1998. “Alternative Uses for Poultry Litter,” Economic Viewpoints, 3(1):1-4.

22



Prato, T., F. Xu, and M. Jenner. 1992. “ Managing Land Application of Broiler Litter to Optimize
Economic Vaue and Water Qudity,” Southern Journal of Agricultural Economics 24:301-310.

Schnitkey, Gary D., and Mario J. Miranda. 1993. “The Impact of Pollution Controls on
Livestock-Crop Producers.” Journal of Agricultural and Resource Economics. 18(1):25-36.

Svento, Rauli. 1993. “ Some Notes on Trichotomous Choice Discrete Vauation,” Environmental and
Resource Economics, 3:533-343.

Tjaden, Robert and Wallace T. Garret. 1999. Maryland Cooperative Extension. persona
communication.

Xu, F.and T. Prato. 1993. “Optima Farm-level Use and VVadue of Broiler Litter.” Southern Journal of
Agricultural Economics 23: 285-293.

23



Table 1. Number of Forest Acreson the Maryland Eastern Shore

County Number of Forest Acres Per cent of Respondents

Kent 41,824 6
Queen Anne 60,805 9
Caroline 61,874 12
Tabot 42,328 7
Dorchester 125,071 15
Wicomico 104,157 19
Somerset 83,113 15
Worchester 159,298 18
Total 678,470 100%
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Table 2. Meansand Standard Deviation for Survey Respondents

(N=402)

Vaidble Mean  Standard Deviation
Owns more than 200 acres 9.84% 0.298
Owns between 101-200 acres 21.86% 0.414
Owns between 51-100 acres 9.56% 0.294
Somerset 14.68% 0.34
Wicomico 18.91% 0.392
Worchester 17.91% 0.384
Owned land 5 or fewer years 11.96% 0.325
Owned land between 6-10 years 11.70% 0.322
Owned land between 11-20 years 24.94% 0.433
Owned land more than 20 years 51.40% 0.500
Has aforest management plan 41.86% 0.494
Has sold timber 58.44% 0.493
Forester helped sl timber 37.53% 0.485
Sold within last 2 years 11.14% 0.315
Sold between 3-5 years ago 12.66% 0.333
Sold between 6-10 years ago 10.89% 0.312
Sold more than 10 years ago 22.28% 0.417
Likely to sl timber in the future 48.45% 0.500
Owner/Operator 31.63% 0.466
Ten percent or less of income from farm/forest management 21.70% 0.413
Between 11-25 % of income 39.62% 0.490
Between 26-50 % of income 10.38% 0.305
Between 51-100 % of income 7.23% 0.259
Lessthan 40 years old 5.97% 0.237
Between 40 to 59 years old 38.06% 0.486
60 years or older 46.77% 0.500
Mde 61.19% 0.488
College Graduate 37.37% 0.484
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Table 3. Regression Estimates of Willingness of Forest Landownersto use Poultry Litter
if given a Per Acre Payment of $20

Binary Probit Mode (Don't know =No) Ordered Probit Modd (Don't know =1)

Variable Estimated Coefficient ASE Estimated Coefficient ASE
Intercept #1 -0.8359 ** 0.2777 -0.7585 ** 0.2608
Intercept #2 XXXX XXXX -0.4781~* 0.2595
Owns more than 200 acres 1.152 *** 0.3213 1.038 *** 0.3084
Owns between 101-200 acres 0.1007 0.2658 0.0962 0.2541
Owns between 51-100 acres 0.3725* 0.194 0.2944 0.1841
Somerset 0.5401 ** 0.2312 0.484 ** 0.2201
Wicomico 0.2044 0.2034 0.1888 0.1926
Worchester 0.1666 0.2124 0.1164 0.201
Owned land between 6-10 years 0.6404 ** 0.3168 0.6453 ** 0.3016
Owned land between 10-20 years 0.3814 0.2625 0.3836 0.2477
Owned land more than 20 years 0.1292 0.251 0.1436 0.2363
Has aforest management plan -0.6105 *** 0.1837 -0.5825 *** 0.1724
Has Sold Timber 0.4994 0.3238 0.5887 * 0.3127
Forester helped sdll timber 0.2762 0.2177 0.3423 * 0.2069
Sold between 3-5 years ago -0.1263 0.3445 -0.2135 0.3354
Sold between 6-10 years ago -0.5716 * 0.3381 -0.7321 ** 0.3272
Sold more than 10 years ago -0.4443 0.3139 -0.6188 ** 0.3043
Likely to sl timber in the future 0.1186 0.1691 0.1242 0.1599
Owner/Operator -0.00598 0.1708 -0.0603 0.1618
Lessthan 40 years old 1.0532 *** 0.3472 0.9214 ** 0.3286
Between 40 to 59 years old 0.4978 *** 0.1702 0.3977 ** 0.161
Mde 0.0141 0.1638 0.0318 0.1548
College Graduate 0.0312 0.1609 0.0396 0.1521
Log Likelihood 398.488 7°=53.8%4, 560.443 7=58.184,

df.=21 df.=21



*** indicates confidence of the coefficient estimate at the 0.01 level, ** at the 0.05 level, * at the 0.10 level
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Figure 2. Landowners' Willingness to Use Poultry Litter

under Different Incentives
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