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BACKGROUND i those losses. While the relationship between the out-
i break ofPfiesteriaand nutrient loading into aquatic
Although the evidence is circumstantial arjd systems remains unclear, the agricultural community
inconclusive at this point, it has been suggested therecognizes the need to take action. Thus, a primary
nutrients lost from agricultural operations through goal of this document is to review current practices
runoff and leaching may be partially responsible féorand recommend methods for controlling losses of
the recent outbreaks dffiesterialike organisms in: nutrients, especially phosphorus, from agricultural
the lower Pocomoke River and several other riverséowland.
the lower Eastern Shore. Nutrients enter water fron
many sources. Nutrients added to land, however, ma This document contains scientific background
represent a significant source of aquatic nutrieritsinformation for the comments presented to former
Sewage sludge, septic tank effluent, organic manufacGovernor Harry Hughes and the Blue Ribbon
turing waste, and animal manures contain high cé)n Commission. To the extent possible, we have
centrations of nitrogen and phosphorus. Most of thisattempted to discuss the level of uncertainty and the
material is recycled onto land for disposal. i potential for recommended practices to contribute to
reducing nutrient losses—especially soluble phos-
For many years the agricultural communify phorus—from land. In addition, we also discuss the
has recognized the need to reduce the loss of nutrienlength of time (immediate, short term, long term)
from farmland and has implemented several prografm required for implementing practices.
to control nutrient loss. Past efforts, while successtul
have focused on reducing nitrogen losses. Recent iev
dence collected by Dr. Frank Coale, of the UniversityOBJECTIVES
of Maryland College of Agriculture and Natural
Resources, demonstrates that some soils of the chfw'The objectives of the Agricultural Scientific Advisory
Eastern Shore are highly enriched with phosphorus—Committee were to:
to the point where soluble phosphorus may nowgbe
lost through runoff. This finding is counter-intuitivé 1. Review current State efforts for controlling losses
to previous scientific thought. A change in contrpl of nutrients from agricultural land.
practices to reduce losses of soluble phosphorus §e|
resents a major shift in paradigm. i 2.Review and critically evaluate relevant research on
: nutrient losses from agricultural land.
In response to a request by Commission Chiah
and former Governor Harry Hughes, Thomas A.3.Recommend practices for reducing losses of nutri-
Fretz, Dean of the College of Agriculture and Natuéalents, especially soluble phosphorus, from agricultural
Resources, brought together a panel of regionaland.
experts in nutrient and animal management not only
to examine the most current information related §to4. Identify important scientific questions that limit
nutrient losses, but to develop a strategy for reducincour ability to recommend effective practices.
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APPROACH i groundwater. In contrast, however, the general under-
i standing has always been that phosphorus does nc
A group of 10 scientists, chaired by Deain move through the soil-water system. Most phospho-
Fretz, met on October 7, 1997, to review relevanirus applied to soils was thought to be readily convert-
issues and to develop a format for completing theed into insoluble forms associated with the iron, alu-
assignment. Review and writing teams were estfabminum, and calcium ions in the soil system; it was
lished and charged with drafting this document byonly transported from the field through soil erosion.
October 13, 1997. The Scientific Advisor;f/ Recent research, however, demonstrates that soil
Committee met twice more to review progress ancamended with large quantities of organic or inorganic
discuss possible recommendations. This documerphosphorus may generate significant amounts of sol-
forms the basis of much of Dean Fretz’'s verbal teéti-uble phosphorus that can be readily transported by
mony. i surface runoff water, even when erosion losses are
{ minimal.
ISSUES AND SOLUTIONS
. When we use organic sources of nutrients, the
Land Application Issues ratios of nitrogen and phosphorus do not usually cor-
i relate with the crop’s actual nutrient needs. When we
Nutrients, essential for crop production, come apply commercial fertilizers, we can tailor the ratios
from various sources. Most commonly, farme{s of nitrogen and phosphorus to meet the crop’s nutri-
obtain nutrients from inorganic commercial fertilizefs ent needs. If we apply an organic nutrient to meet the
and from organic sources such as animal manuresgarnitrogen needs of the crop, what generally happens is
biosolids from wastewater treatment plants.we overapply phosphorus. If we apply an organic
Generally, inorganic nitrogen and phosphorus com-source to meet the crop’s recommended phosphoru:
pounds are water soluble and readily availableétcneeds, organic material application rates are necessa
plants. Most organic nutrient sources must first peily lower and underapplication of nitrogen occurs. We
mineralized or decomposed to become available§ tamust then apply additional nitrogen from other
plants, although some may contain inorganic forms o'sources—generally, commercial nitrogen fertilizers.
nutrients. Mineralization occurs when moisture apdThus the challenge is to develop systems that allow
soil temperature are optimal for the growth é)f the optimum use of organic sources of nutrients while
microorganisms, which must actively convert thesemalntalnlng environmental integrity.
organic forms to inorganic forms. :
5 Nutrient losses are associated with water
The movement of nitrogen and phosphorusmovement. Nutrient loss from the field occurs either
through soil can differ dramatically. We have Iorfg through surface water runoff or when nutrients leach
understood that if nitrogen is converted to the highlydown through the soil column. The local hydrology is
water soluble nitrate-nitrogen form, and is not usedvery important when assessing and controlling non-
during plant growth, it can move through the sojl- point source nutrient pollution. Local variations in
water system and be vulnerable to leaching into th¢hydrology often preclude a singular approach to nutri-
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ent management and control. Rather, we need; tBMPs, their wider adoption should further limit nitro-
develop a range of best management practicegen losses from the agroecosystem. Adopting nitro-
(BMPs). gen-management BMPs, however, may increase oper
i ation and crop production costs.
Issues Specific to Nitrogen
i Issues Specific to Phosphorus
Except for legumes, most crops require nitrop-
gen fertilization. We recognize that crop systems ére Growing crops generally use small amounts of
relatively inefficient in using applied nitrogen. When phosphorus relative to nitrogen. However, either
we apply nitrogen as a nutrient, losses do and willthrough the continued application of commercial
occur. Even under natural systems, nitrogen is losphosphorus fertilizers, the disposal of animal waste,
from the soil. i or the calculated application of animal manures and
biosolids through nitrogen-based nutrient manage-
Nitrogen losses, other than by crop removal,ment plans, the phosphorus content of many
occur in the following ways: i Maryland soils may become very high. While most of
a) inorganic and organic forms of nitrogen com this phosphorus is generally in rather insoluble forms,
pounds are lost through surface water runoff andOSSGS may occur.
the related movement of particulate organic mate
rials and through soil erosion;
b) soluble compounds (primarily nitrate-nitrogen)
leach through the soil-water system, if the nitrogén
is not used by the crop or if the nitrogen mlgrates
below the root zone of the crop; and
C) inorganic nitrogen compounds vaporize into the
atmosphere.

Phosphorus losses from agricultural systems,
other than by crop removal, generally occur through
the following pathways associated with surface water
runoff:

a) particulate losses either as phosphorus absorbe:
into soil particles or organic materials, and/or

b) soluble inorganic and organic phosphorus com-
pounds.

The purpose of current management systems Little phosphorus is lost through leaching into
for limiting nitrogen losses is to increase the eﬁ'c'en'groundwater However, recent research indicates tha
cy of nitrogen use and to optimize nutrient input. Bestthe potential for leaching losses may exist on sandy
management practices for obtaining these goals areyj|s with high phosphorus contents.
setting realistic yield goals; following recommenda-
tions for nutrient needs; increasing the adoption :of To control phosphorus losses, we generally
winter cereal cover crops for water quality enhance'recommend the BMPs currently in use to limit soil
ment; testing manure and biosolids; applying nutri-erosion. These are, among others: no-till farming,
ents at the correct time and using the correct meth@d%ontour/stnp cropping, grass waterways, buffered

in-season soil and plant tissue testing, such as the pretreams, and related structural controls.
sidedress nitrate test for corn; and using efficient ctop

rotations. While many farmers are following these
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Soil test-based recommendations for applyingaging nitrogen, which at the time the program was ini-
phosphorus take into account the phosphorus status tiated in 1989, appeared to be the more problematic o
soils and, in turn, only recommend phosphorus apé)li-the two nutrients. Also, the established thinking main-
cations on soils with low or moderate phosphorustained that controlling soil erosion losses through soil
contents. Farms using inorganic fertilizers as a nutri-conservation practices would also control phosphorus
ent source generally follow these recommendatiofnslosses.

Farms using organic materials (e.g., manures) as
fertilizer source often overapply phosphorus. We have made progress in reducing both
i nitrogen and phosphorus inputs. These reductions ar

Before we understand the true ecological the result of reductions in both nitrogen and phospho-
impact of phosphorus overapplication, we must est;jabrus application recommendations and farmers’ real-
lish a better understanding of the potential for phés-ization that manures should be used as a nutrien
phorus transport from the field to surface water a§1csource rather than treated as a waste disposal prot
the ultimate bio-availability of the transported phos- lem. How these reductions have translated into water
phorus. Without a broad agroecosystem approach tnutrient-loading reductions remains speculative, since
minimizing phosphorus enrichment of surface Watefrs monitoring of nonpoint source inputs has been mini-
singularly focused management practices may :bimal.
counterproductive. For example, no-till farming is
extremely useful in reducing soil erosion and particﬁu- The emphasis on nutrient management plan-
late phosphorus movement. However, it may actuallyning has been based, in most part, on optimizing
increase the amount of soluble phosphorus lost in szumitrogen inputs. On farms where animal manure is the
face water runoff. Other options for managing phds-major or only fertilizer source, this system has
phorus include BMPs that reduce soluble phosphoruallowed phosphorus to be overapplied. Nitrogen-
losses through plowing previously no-till or minii— based plans have made use of animal wastes, bee
mum-tilled soils and incorporating manure upgn cost effective, and reduced nitrogen application to
application. We must, however, carefully weigh theiseland. However, this has resulted in overapplication of
suggestions against the increased risk of soil erosiophosphorus. These applications frequently occur on
and particulate losses and the increased cost of Iabcsons with an already extremely high phosphorus con-

fuel, and machinery. i tent caused by past applications of manure of a muck

i higher phosphorus content. This overapplication
Nitrogen- and Phosphorus-based Nutrient i increases the potential for phosphorus to move from
Management Planning farmland to nearby water, especially from land main-

: tained under reduced-till cultivation.

Realizing that both nitrogen and phosphortiJs

are nutrients of concern for the Chesapeake Ba It is possible to develop nutrient management
ecosystem, the current University af plans for farms by using either nitrogen or phospho-
Maryland/Maryland Department of Agriculturé rus as the limiting nutrient. Nitrogen-based nutrient
Nutrient Management Program concentrated on manmanagement planning may continue to be the most
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effective one for many farms. Farms where nitrogen-farm (500 acres of corn, 500 acres of soybeans) with
based plans are recommended need to implemeifour poultry houses producing a total of 660,000
improved monitoring of pre-, post-, and in-season sfoilbroilers per year. We compared the economic conse:
nitrate-nitrogen levels. Farmers need to calibrate aniquences of the current situation to the case where thi
use existing and evolving nitrogen manageme:mfarmer is unable to apply poultry litter to the corn.
tools—corn stalk nitrate-nitrogen testing, corn leaf The farmer must bear the cost of disposing of the lit-
chlorophyll meter analysis, preplant soil nitrate-nitr;o- ter and purchasing and applying inorganic nitrogen
gen testing, and in-season soil nitrate-nitrogen test;in«_and potassium for crop production to replace the
for wheat. Overall, crop nitrogen management Will pitrogen and potassium from the poultry litter. Based
need to be intensified. Winter cereal grain cover Crc;)pfon 1996 corn budgets and prices1 the net income pe
should be effectively managed on the maximum pos acre of corn is $161.75 if poultry litter application is
sible acreage following summer annual crop produc-gjiowed. This decreases to $116.77 if the poultry lit-
tion where land would otherwise remain fallow. | ey gpplication must be replaced by inorganic fertiliz-
: er. Thus, the net income from corn production to our

Many instances will require using nutrierjt hypothetical farm is reduced by $22,500.
management plans based on phosphorus. These pla

would be environmentally sound and should begin%tc

e : : The cost of transporting the litter out of the
limit both phosphorus and nitrogen enrichment of tsheregion is based on a trucking cost of $0.16 per ton pel

agsociated water bodies. However, this type of IOI‘?mmile (these costs may be lower for long hauls, but we
ning would have a very serious and potentially EXPEN 4o not consider handling costs to load, unload, and

sive impact on farms that generate or use ar"r:nastore the litter). For illustrative purposes, we assume

n}atlﬂurgts. tCL;]rrzn;Ii/],i T}OS:]:)); t?}iZzlégnii:?'cvreeg;gnjthe litter is transported 200 miles. Our hypothetical
orthe sate ha gn Phosp ' Uarm produces 792 tons of litter. Thus, the transporta-

limit additional phosphorus applications, therefore,;totion costs are $25,340. If the litter is sent to a region

the rather small land base with soil of a medium to . . : :
low bhosphorus content. Thus. bhos horus_bassewhere inorganic phosphorus is currently being
Phosp ' » Phosp . “applied, the litter can be used in place of the inorgan-

planning would require a land base that is unavailable_ hosbhor ing that ar ¢ $45 per acre for
locally, requiring increased on-farm storage capacity"c phosphorus, saving that growe per acre 10

transporting and marketing manures far from thephosphorus, nitrogen, and potassium. This translate:

. into a value of $28.40 per ton of litter. The market

point of generation, and developing alternative . _
manure uses. Phosphorus-based plans would p|<value of the litter, therefore, lowers the net cost of dis-

require importing additional synthetic fertilizer nitro- POS@l by 89 percent to $2,850. Combined with the

gen sources, since the nitrogen available from mariurincrease in corn production costs, t_he r_let income los¢
under a phosphorus-based plan would likely be inédto the poultry/corn/soybean operation is $25,350 per

equate for most crops. year.

To illustrate the magnitude of the impact é)f Adopting phosphorus-based nutrient manage-
phosphorus-based nutrient management plans, :wment plans would affect the farm enterprise through
examined the effect of the impact on a 1,000-acreincreased operation and crop production costs. Major
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changes to current farming practices such as adoptinand subsurface losses of nutrients from agricultural
phosphorus-based nutrient planning and the resultinsystems. This would include impacts of tillage.
import of fertilizer nitrogen and export of manures, Incorporation through tillage needs to be used more
can have a significant impact on the profitability of intensively in land application of poultry litter to dis-
any farming system. Thus, it is imperative that iif {fibute the phosphorus levels in greater soil mass.
phosphorus-based planning is to become a reality, With conventional no-till and minimum-till systems
be carefully targeted to the locations at greatest r§islto reduce erosion, we ha\{e concentrated t.he phqsphc
for phosphorus losses in farmland runoff and beUs Ievgls in the up.per.son hOfIZOH.S. Plowmg in litter
implemented over a period of time sufficient to enaélea:]the time of agpllcalltlorr: Wour:d dls;nbute the phos;j
the farming community to adjust to this very differebt phorus more uniformly throughout the root zone, an

. ) .~ _:could to some degree reduce runoff of soluble P.
set of management circumstances. This will aksc

require finding alternative uses and remediati;onAnima| Feeding and Management Issues
strategies for existing animal waste. Any recommen-
dations given consideration must be done concurrént
ly with full development and implementation of cosji-
effective alternatives. :

Feeding and managing animals affects manure
quality and, potentially, the extent of nutrient losses
from the farm. Two issues are important: improved
management decreases the nitrogen and phosphort
i content of manure; and improved management
1. Establish a State-supported program to facilitatedecreases feed nutrient requirements and croplan

implementation of the use of winter cereal coveracres needed to support a given level of animal anc
crops for water quality and erosion control. . plant production.

Land Application Solutions

2. Establish a scientific advisory group to advisfe
Maryland’'s Department of Agriculture on the judi-
cious and incremental transition to phosphorus-base
nutrient management planning.

A significant portion of manure nitrogen and a
highly variable portion of manure phosphorus are lost
from the farm once they are applied to crops.
Therefore, reducing the amount of manure nutrients

3. Target phosphorus-based nutrient managemgerdireCtly decreases the subsequent nutrient losses
plans to fields with a very high potential for phosphp- Ultimately, it is much more logical to reduce the pro-
rus loss, as defined by fields with “excessive” soil-tgstduction of a waste product than to find alternative
phosphorus levels that also have a “very highnsolutlons once the waste has been generated.
Phosphorus Index rating. 5

i Poultry Industry
4. Provide the cost share for the cost difference

between following a phosphorus-based plan and Approximately 625 million birds (three bil-
nitrogen-based plan. i lion pounds of meat) are raised each year on the

Delmarva Peninsula. Assuming these flocks are fed

5. Reliably evaluate the effectiveness of acceptableaccording to the National Research Council recom-
agronomic practices to control or minimize surface mendations, 53 million pounds of manure N and 22
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million pounds of manure P will be excreted per year.Poultry Solutions
Poultry farming therefore represents one of the S|g
nificant sources of nutrients that have a potential
impact on water resources.

1. Phytase is the enzyme that converts unavailable
organic phosphorus into a form that poultry can use.
Commercial phytase is presently available. Phytase
can be sprayed onto poultry feed, reducing the
amount of inorganic phosphorus added to feed. The
use of phytase should reduce the amount of phospho
rus in manures. A program is needed to increase the
use of phytase in feeds and therefore reduce supple

f f phytate phosphorus, which ires t )
eonr;n moe F;] )t/aiee tcf) b(r):gk%r:v?/n l’(\; ]:grm;egfu”ﬁ;s Eimental phosphorus feeding and manure P output by
yme pny PROSp: 20 to 25 percent. Further research is needed to exarnr

rus available to animals. Nonruminants do not secrgetnine hvtase stability and feed processing to improve
the phytase enzyme and therefore any dietary pho: phy Y P g P

phorus in the phytate form will pass through the its uge in the f!eld:TechnoIogy problems involve uni
. ) ; . .. formity of application to pelletized feed but should be
intestines and into the animal's manure. Typically, . )

: I ) " worked out quickly. When implemented, the technol-
because of this low availability of feed grain phos-

. . ¢ ogy will have immediate impacts.
phorus, supplemental inorganic phosphorus, such & 9y P
dicalcium phosphate, is added to nonruminant diets t

meet the animal iable bhosphorus requirem: n2. Commercially available low phytic acid corn will
ee 'e animars qval able phosphorus require e be available in the year 2000. Use of this corn in feed
for maximal production. :

mixtures should reduce the amount of phosphorus

) . i added to feed. This results in a concurrent reduction
Poultry manure accumulates in the bedding:of.

. . :in the phosphorus content of manure. Programs coulc
the poultry house during a period of several years.:A:

I "be established to encourage the use of low phytic corr

manure accumulates, so do the nutrients. N'troge'as soon as it is available to farmers. This technology

levels stabilize after the third flock, but phosphoryswi” likely result in some increased grower cost at the

and potassium levels continue to increase with e?actime of seed purchase. Any seed with intrinsic prop-

flock produced. The clean-out and storage of becjdgmerties that must be identified and maintained in the

from poultry houses represent a significant source; Omarketplace will cost more. Also, there will be

the nutrients applied to land. Complete housG(:Ie?‘r‘increased costs to the feed mill operators, as the grail

Ing occurs every two to three years, but manure Sh%ecwill require identity preservation in the marketplace

were designed for 180- to 210-day _storage. Iv""‘mgmbefore being used to make feed. Impacts are likely to
disposal, whether on the land, or via an alternatgvebe significant.

technique, must be available for much of the year.:

The phosphorus content of plant-source feﬁec
ingredients is considered to be only 30 to 40 percen
available for use by nonruminants such as poultry a§n1
swine. The remaining 60 to 70 percent is bound in the

3. Long-term research is needed to develop ways tc
improve the efficiency of nutrient use by broilers and
layers.
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4. Programs could be established to encourage wholsources to develop a value-added compost of knowr
house year round use of litter treatments—for examand marketable fertilizer value. Specialty products
ple, iron-based products to stabilize manure phosphceoyid be developed using broiler litter compost as a
rus into environmentally inactive forms. . pase. Pelletizing the compost will increase its density
Alternative Uses of Manure and assist with proper application.
Once pelleted, compost could be readily used
i in a variety of markets including golf courses, nursery
Many of the lower Eastern Shore countiés crops, container-grown nursery crops, sod production,
have inadequate cropland available for efficient uti-lawns and gardens, landscaping, silviculture, and
lization of manure phosphorus, therefore, alternativemedian strips and ramps on freeways. This will, how-
disposal options are needed. It is critical to develorever, require considerable market analysis and devel
alternatives to the common practice of applying opment.
manure to land. Ideally, it is important to Uanspén
nutrients to areas of the state or region where soils d Burning manures is another disposal option.
not contain excessive concentrations of phosphoﬁruln the early 1980’s, Delmarva Power burned broiler
and phosphorus inputs are necessary for optimurlitter in their Indian River Generation Facility at
crop production. Distribution is not so much Iimiteid Millsboro, Delaware. Nitrous oxide (N emissions
by lack of available technology but rather by the eco-and a constant litter supply were problems. However,
nomics of transporting manure long distances. i the facility has been upgraded since then ang, NO
emissions may not be a problem, today. Even today.
Composting can be defined as a controlledhowever, litter supply remains a problem. The BTU
decomposition of organic materials. By providing:a value of broiler litter is about 6,800 BTU’s per pound
proper environment through a proportional aIIocatié)nat 30 percent moisture in a large fluid bed burner. The
of ingredients, microorganisms will, over time, ash content for broiler litter is approximately 11.3
change the form of the organic material into a stablepercent. This shows a large volume and weight reduc-
humiclike material. During composting, temperaturiestion. Burning raw litter in small on-farm furnaces has
will reach 145 to 160 °F if the proper environmentiis presented some problems such as slag formatior
provided. Common pathogenic organisms will E)e because of incomplete combustion, odors, particu-
destroyed at the elevated temperatures. In addition tlates, and loading difficulties. Poultry litter as a fuel is
pathogen control, composting organic material suctused in the United Kingdom. This practice is an envi-
as broiler litter will minimize the odor from the prod} ronmentally acceptable alternative to land filling.
uct. Deodorizing broiler litter through composting Therefore, broiler litter as a feedstock in the produc-
will enhance its market potential. tion of heat or electrical energy is feasible and techni-
i cally possible.
After the compost is cured, it can also be
applied to the land as a soil amendment, or it can§ b Adequate litter supply, proper combustion
enhanced with either inorganic or organic nutrientequipment and a use for the energy generated have t
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be considered in designing a proper system. One fluRemediation Issues

idized bed furnace is under construction on the Lowe

Shore for use in a poultry production operation.éA Regardless of any other measures either to
third boiler unit is being designed for the Easternreduce the phosphorus content of manure or to find
Correctional Facility by Maryland Environmental alternative uses for manure, these actions will have nc
Services, who are considering broiler litter as a f@eleffect on soils that already have high phosphorus lev-
feedstock. Ash from burning broiler litter may be usédels and are at risk for phosphorus losses to the sur
to make atrtificial soils, as a component of a fertilizier rounding environment. However, remediation of
mix, or added to feed as an ingredient for pouliry high-phosphorus soils has never been implementec

rations. i on a large scale. Hence, no standard practices exis
: the concepts presented are theoretically viable. As
Solutions i previously noted, many soils within Maryland, and

: especially the Pocomoke drainage basin, contain very
1. Expand efforts to distribute manure to areas of lpwhigh phosphorus levels, which may restrict any fur-
manure availability and low soil phosphorus concen-ther land application of manure. Remediating phos-
trations. This remains a possibility, however, we m@s1phorus-enriched soils includes: removing phosphorus
raise a concern with regard to biosecurity. from the soil; or phosphorus immobilization by mak-
Transporting raw litter will be viewed as a possible ing the soil phosphorus unavailable for transport to
means of spreading avian pathogens and for that freasurface waters without removing it from the soil.
son composting or heat-treating is preferred. Remediation assumes that subsequent farming prac
Transport to new markets out of the production regiiortices will add phosphorus in levels that plants can uti-
may offer up the greatest opportunity for reducing thelize, precluding phosphorus buildup of the scale seen
application of poultry litter on land already high in on the Lower Shore in the past 60 years.
phosphorus.

; The only practiced removal technique is
2. Conduct research to examine the potential for tzhethrough the use of crops. Growing crops without
burning and energy recovery of manures. Burningadding phosphorus provides an income source (or a
efficiency must be investigated, as well as the availi-least a net cost decrease) and leaves the soil undi
bility of the residual phosphorus and metals in tbeturbed. It will require the application of nitrogen,
ash. i which is an expense to the farmer, as well as having ¢

i pollution potential of its own. Plants accumulate
3. Research on composting, post-compost processingphosphorus at differing rates and the current wisdom
and compost market potential is also needed. i indicates that the dominant factor in phosphorus

removal is the amount of plant biomass removed and
4. Develop pelletized fertilizer products. A number 6f exported. Hence, independent of phosphorus accumu
products are currently in the marketplace that arelation rates, an alfalfa crop removes more phosphorus
manufactured from poultry waste (e.g., Nutri-Ma@e than a soybean crop because the entire plant i
from Alabama which is shipped to Australia). i removed when alfalfa is harvested. An important
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advantage of mining phosphorus through cropbelow the surface and out of reach of surface runoff
removal is that it can be accomplished entirely by thewater, hence effectively stopping surface transport of
individual farmer and requires no additional equib- phosphorus. The best scientific judgment is that
ment. Estimates vary, but returning a field with excés-leaching through the soil column would not be signif-
sive soil phosphorus levels to agronomic levels :oficant. The phosphorus would be below the surface bu
phosphorus could require from 20 to as much as 10still within the root zone, enabling it to be taken up by
years, depending on the initial phosphorus level a:ln(plants over time. One major concern is that the soll
the crop used for mining the phosphorus. This timethat would be brought to the surface must be equally
frame is of concern and the economic implicationsitcgood for crop production as the original surface soil
the individual farmer have not been explored. or it would create a permanent liability for the farmer.
i Furthermore, the subsurface soils that will be brought
A novel variation of mining phosphorus to the surface must also be low in phosphorus or
through crop removal, called phytoremediation, §isti|lage will have no impact. The ramification of this is
being explored for removing inorganic contaminaritsthat extensive soil testing of the deeper soil would be
from soil. Phytoremediation, or “Green Remediatioh” necessary prior to performing tillage, and it would not
uses unusual plants that have developed the ability tbe suitable on some farms. The efficiency of tillage
concentrate high levels of elements, usually hea:w)with respect to phosphorus in runoff is unknown, but
metals, in plant tissue. The primary limitation of this reclamation technique holds promise.
phosphorus phytomining is no one has identified reli-
able phosphorus hyperaccumulators. Although it: is Off-field treatment, it can be argued, is not
likely such hyperaccumulators exist in nature, a con-true remediation, but it does have the potential to
certed effort is first required to identify and colle¢t result in an immediate change in the quality of sur-
these plants. These plants could be grown on sbilface-drained waters. A portion of the lower Eastern
with a high phosphorus concentration. After severalShore is drained by field drainage ditches. Collector
years, the soil phosphorus would be low and nutriendrainage ditches then flow into the closest tributary.
losses would not be of concern. In soils where soluble phosphate is reaching drainage
: ditches, it is feasible to chemically precipitate the
Conceptually, a single chemical treatment of phosphorus out of the drainage water prior to allow-
phosphorus-enriched soils would be sufficient §toing water to enter a major surface tributary. The ditch
change the relatively mobile forms of phosphorus:tatreatment concept is to partially fill a length of col-
stable and far less mobile mineral form. The impact oflector ditch with crushed limestone and create a flow-
this treatment on soil pH, nutrient availability, and tl;g]ethrough treatment system.
ecosystem in general is unknown. There are technc

. . . N : i Calcium carbonate dissociates and eventually
logical questions concerning application uniformity , )
. . i _combines with phosphorus to form a very stable form
and treatment efficiency. The economics are not dbc

umented. i of phosphorus: This approach r_equires act_ivity only in
¢ the collector ditches and permits the continued water

Tillage, a second immobilization techniqué, table depression that the ditches were designed for ir
would place the phosphorus-rich surface soil wellthe first place. The cost of crushed limestone is mini-
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mal compared to many reclamation options. However ECONOMIC CONSIDERATIONS

we do not understand the chemical dynamics wel

enough to predict where the phosphorus would p§re Each of the strategies for reducing nutrient

cipitate out. This is a realistic tool to explore for somelosses from agricultural land will have an economic

site-specific applications. i consequence that must be addressed. The technici
solutions presented here each have costs that may k

Solutions i borne by the grower, the integrator, or the consumer.

There may also be administrative and enforcement

1. No remediation technique is understood WeII . ted with iUl tion. Additionall
enough to endorse without qualification. Therefor;e,_COS s associated with a particular action. tionatly,

we need to carry out research and demonstration ﬁ)r('ndUStry and gonsgmers will adjust their behaymr
when faced with higher costs and new regulations.
jects before wide scale implementation of remedia

When poultry prices rise, consumers adjust by pur-
tion practices.
chasing other products. When farming costs rise,

2. Tillage holds potential for acceptance because spitthere are a number of possible responses. If farming
able equipment is widely available and the concepi j<Costs rise in one particular region relative to other
easily understood. Tillage is appropriate for flat landgrowing areas, the competitiveness of that type of
that has been in no-till cultivation for many years andfarming in the region is eroded. Farmers may make
where manure has been used long enough that :S(Iess profit, switch to other crops, or the convert the
phosphorus concentrations are high. Intensive Sfoiland from farming into some other use. This scenario

testing must be done to the depth which the soils willis clearly contrary to protecting environmental quali-
be plowed. ¢ty and the Governor’s Smart Growth Initiative in par-

ticular.

3. Where onsite remediation is not viable, we sho&ld The higher cost of poultry production that

consider offsite effluent treatment if water quality would result from many scenarios may result in less
sampling indicates significant levels of phosphorusp0u|try production in Maryland. A study of the eco-
are entering the water system from drained lafdnomic impact of the Delmarva poultry industry con-
However, prior to implementation, additional work Es ducted by the Department of Agricultural and
required to assess many of the physical pafameie'Resource Economics estimated that just a 4 percen
related to this process. . decline in Maryland’s poultry production would result

: inan annual loss of $74 million in economic output in
4. There are too many gaps in our knowledge iofthe state, a $29 million loss in personal income and
chemical immobilization and phytoremediation for Us business profits, and a loss of 880 jobs. Some of this
to recommend them today. Further, many uncertainjoss would be ameliorated as the economy adjustec
ties related to the effects on soil chemistry require resover time.
olution before we can recommend this practice.

DO NOT CITE, COPY, OR DISTRIBUTE WITHOUT PERMISSION



APPENDIX i Dr. Gary K. Felton, of the Department of Biological
Resources Engineering, has been involved in agricul-
Committee Members i tural nonpoint pollution research and extension since

i 1977. He has particular expertise on the impact of

Dr. Thomas A. Fretzz Dean of the College of: agriculture on groundwater resources.

Agriculture and Natural Resources, is also Director:of

the Maryland Agricultural Experiment Station and t@e Dr. Frank Coale is Associate Professor of Soll

Maryland Cooperative Extension Service. Dr. FretzFertility in the Department of Natural Resource

chaired the committee and will make the oral presen Sciences and Landscape Architecture. Recognized a

tation to the Blue Ribbon Panel. i an expert on phosphorus in soils, he was one of the
first investigators in the United States to note that

Dr. J. Scott Angle is Associate Director of the soils fertilized excessively with phosphorus could

Maryland Agricultural Experiment Station an¢ lose soluble phosphorus through runoff.

Professor of Natural Resource Sciences. During th

1980's he conducted extensive research on leachinDr. Tom Simpson Professor of Soil Science and

and runoff losses from agricultural systems, includingCoordinator of Chesapeake Bay Agricultural

turfgrass, no/conventional-till corn, tobacco, andPrograms, is an expert on the impact of agricultural

forested areas. More recently his research has foc@srpractices on water quality. He is also a leader in poli-

on the remediation of contaminated soils. i cy issues relating to agriculture and water quality.

Dr. James C. Wade,Associate Director of the: Dr. Richard Weismiller is Chair of the Department
Maryland Cooperative Extension Service ar;\d of Natural Resource Sciences and Landscape
Professor of Agricultural Resource Economics, pro-Architecture. He is also a Professor of Soil and Water
vides valuable input on the economics of recomménResource Management with expertise in nonpoint
dations affecting the poultry industry. pollution from agricultural lands and nutrient man-
i agement.
Dr. Lewis E. Carr, of the Department of Biologicak
Resources Engineering, is internationally recognizecDr. Russell Brinsfield is Center Director for the Wye
for his work on the beneficial use of poultry wastefs. Research and Education Center. He is recognized fo
He was responsible for developing and promoting thehis work in nonpoint pollution, especially on the use
composting of dead birds—a practice many farmersof cover crops to reduce nutrient losses from agricul-
on the Delmarva Peninsula follow. tural land.
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Dr. Jeannine Dennis-Harter, Professor of Poultry; Dr. Jim Hanson, Associate Professor of Agricultural

Nutrition at the Eastern Shore Campus, is an expeft iand Resource Economics and Assistant Director for

the nutrition of poultry, with special emphasis ozn the Cooperative Extension Service, is recognized as

reducing nutrient inputs into feed. i an expert in farm economics and the impact of farm-
i ing practices on revenue and profit.

Dr. Richard Kohn is Assistant Professor of Animaj

and Avian Sciences. His area of specialization is atiniDr. Doug Parker, Assistant Professor of Agricultural

mal nutrition, and he has developed an internationialand Resource Economics, is involved in agricultural

ly recognized model for demonstrating the flow of production and water quality issues.

nutrients on dairy farms. ;

Dr. Doug Lipton, Associate Professor of Agriculturaél
and Resource Economics and Director of the
Maryland Sea Grant Program, is a state Ieader%o
issues related to aquatic resources and an expeit
assessing the impact of agriculture on Chesapeak
Bay fisheries. :
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