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Abstract. -- Potential water pollutants include
pesticides and their degradates, nitrates, and phosphates
whi ch can be dissolved or carried as sedinent in surface
runoff or | each to groundwater. Nursery managers shoul d
assunme that they have a problem and become proactive by
initiating testing and devel opi ng systematic water
managenment plans. These plans nust be specifically designed
for each nursery, and should detail Best Managenent
Practices that can reduce or even elimnate water
di scharges: source controls, cultural practices, control
structures, and conprehensive neasures.

| NTRODUCTI ON These and other water quality tests have confirned
many people's fears, and this concern is being
expressed in legislation at the federal, state,

C ean, safe drinking water is justifiably and even community | evel. These new | aws and
considered to be a basic human right, and water regulations will have a profound inpact on the
quality will undoubtedly be one of the nost forest nursery industry.

i mportant ecopolitical issues in the com ng

decade. As an indication of this trend, the cover This article will attenpt to provide a general

of a recent issue of U S. News and Wrd Report was overview of the agricultural water pollution
entitled “I's your water safe? The dangerous state situation in forest nurseries, and has three

of drinking water in Arerica”. The article obj ecti ves:

di scusses the nmany chenical and biological threats

to drinking water, including nitrates and 1. Provide basic information on the |egal,
pesticides fromagricul tural sources (Carpenter political, and social aspects of agricultural
and others 1991). wat er pol | ution.

The agricultural industry, including forest 2. COeate an awareness of potential sources of
nurseries, has previously been granted a speci al agricultural pollution

exenption frompollution control laws but this

grace period has cone to an end. Cul tural 3. Discuss practical alternatives for nanagi ng the
activities, including fertilizer and pesticide probl em

appl i cations, are now known to contribute to

agricultural pollution of surface and groundwater Before we can di scuss these issues, however, there
(Russel |l and others 1987). The U.S. Environment al are certain ternms and concepts which should be
Protecti on Agency (EPA) recently conpleted a clarified because many have |l egal as well as
five-year survey of groundwater quality in which scientific inplications.

they sanpl ed 1300 drinking water wells across the

nation. The survey reveal ed that agricultural

pol lutants are reaching groundwater in sone areas, Water quality

albeit in mnute concentrations (Brown 1991).

“Quality” means different things to different
peopl e because the definition depends on intended
use. Water quality factors such as color, taste,
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Forest Nursery Association neeting, Park Gty, UT, are of paranount inportance for donmestic uses; on the
August 12-16, 1991. contrary, the concentration of salt ions and the
presence of pollutants or pathogens define quality
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Qovi ously, anything that detracts fromwater
quality could be considered a pollutant. The
princi pal agricultural pollutants of concern to
human health and the environnment are pesticides
and their degradates, nitrates, and phosphates.
Because all of these potential pollutants are
carried through the environment in water, a basic
under st andi ng of the hydrologic cycle is
necessary.

Hydrol ogi ¢ Cycle

Wat er noves through the environment in a
continuous cycle alternating between water vapor
in the atnosphere, and liquid water on the earth's
surface and in the ground (fig. 1). The solid
phases of water (snow and ice) are of m nor

i nportance in the discussion of agricultura

pol lution. As soon as atnospheric water vapor
condenses and falls as precipitation on the ground
surface, the water begins to dissolve soluble
materials including potential pollutants (CAST
1985) . Many fertilizers are specifically
fornulated to be water soluble, and pesticides are
frequently applied as aqueous sol utions.

Therefore, fertilizers and pesticides, or their
degradates, are highly susceptible to water
transport.

Movi ng under the influence of gravity, water
either travels overland as surface water or
infiltrates into the soil. Once it penetrates the
ground surface, water infiltrates through the
relatively thin soil mantle and slowy | eaches
downwar d t hrough the vadose zone (fig. 1). By
definition, the vadose zone is only internittently
saturated as water fronts fromirrigation or
precipitation events nove downward. Wen the

| eachat e reaches the water table, it beconmes part
of the groundwater which is prevented from novi ng
further downward by inperneabl e bedrock. The
groundwat er either renains trapped in an aquifer
or noves very gradually down slope until it
reaches a stream |ake, or the ocean (fig. 1).

Surface runoff and | eaching to groundwater are the
two principal pathways by which agricultural
pollutants could | eave the nursery and contam nate
the surroundi ng environnent.

Agricultural Pollutants

As nentioned earlier, the principal agricultural
pol lutants are pesticides and their degradates,
nitrates, and phosphates. Pesticides and nitrates
can adversely affect human health, and nitrates
and phosphates pose a significant threat to

general water quality through eutrophication.
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Figure 1.—Water, either precipitation
or irrigation, transports
agricul tural pollutants away from
the nursery by two neans: surface
runoff, or leaching to
groundwat er (nodified from CAST
1985; used with perm ssion)
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Agricul tural pollutants are thought to endanger
human heath by increasing the risk of cancer and
contributing to other ailnents. Severa

pesticides or their degradates are known to cause
cancer in |laboratory animals (CAST 1985). The
actual threat to humans is unknown, but the
popul ar concern about the |ink between nman- nade
chem cal s and cancer is very real. Even if they
are only detected in very mnute concentrations
people will not tolerate any |evel of a suspected
carcinogen in their drinking water. N trates have
al so been linked to stomach cancer, although this
relationship is tenuous. If nitrates are
converted to nitrites, they can cause a disease
cell ed methenogl obinemia in infants; this disorder
does not affect adults, however (Newboul d 1989).
Phosphat es are not known to pose any significant
heal th risk

Eut r ophi cati on of surface waters is considered to
be one of the nost pervasive water quality

probl ens around the world (Holland and ot hers
1990). Eutrophication refers to the excessive
nutrient enrichnent of water, which results in

nui sance production of al gae and other water
plants. Water quality progressively deteriorates
as these plants deconpose, creating taste and odor
probl ens, and eventually killing fish and ot her

aquati c organi sms.

Al t hough both nitrogen and phosphorus fertilizers
contribute to eutrophication, phosphorus has nore
pol lution potential. Phosphates are one of the
nmost limting nutrients in aquatic ecosystens, and
so can rapidly cause eutrophication when added by
excessive fertilization. As already discussed
nitrates are very mobil e in water and can easily
move fromagricultural land to surface water. By
contrast, phosphorus ions are essentially inmmobile
interrestrial ecosystens because they are either
rapidly taken-up by plants or chemically
immobilized in the soil (Rosen and others 1986).
Therefore, surface runoff that carries suspended
sediment is the only way that fertilizer
phosphorus can becorme a agricultural pollutant.

The physical, chem cal, and biol ogi cal pathways by
whi ch potential pollutants nove through the
environnent are different for each substance. The
nitrogen (N) cycle (fig. 2) provides a good
exanpl e of the extreme conplexity of these
nmovenents. N trates have been noving in surface
wat er and groundwater |ong before agriculture
began because they have been found in very old
groundwater and in fossil deposits (CAST 1985).
The at nosphere, which is 78%nitrogen gas (N2)

by volume, is the primary source of all Nin the
envi ronment. Atnospheric Nis chemcally or
biologically fixed into solid fornms by several

di fferent nmechani sns, including | egum nous plants

and free-living mcrobes (fig. 2).

Figure 2.--Potenti al
agricultura
pol lutants, such as
nitrogen fertilizers
cycle through the
envi ronment by
conpl ex pat hways and
it is often difficult
to determine their
exact origin. For
exanpl e, nitrates
that | each from
nursery soils can
originate from
natural sources as
well as from
fertilizers (nodified
from CAST 1985; used
wi th perm ssion).
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One of the nost significant sources of Nin
agricultural systens is N fertilization, and sone
fertilizer can be carried in surface runoff during
heavy rain storms and could eventual |y reach
streams or ponds (fig. 2). Inorganic fertilizers
contain either nitrate or amoni umions; although
both can be used by plants, nitrate ions are taken
up nost readily. Deconposing organic matter and
organic fertilizers rel ease ammoni umions, which
have a positive charge (NH") and are

therefore adsorbed onto the negativel y-charged
soil particles. Once it enters the soil, amonium
is gradually converted to nitrate by soi

m croorgani sns, as is the protein in deconposing
organic matter. Nitrate has a much greater

pol lution potential than amoni um Because of
their negative charges (N& ), nitrate ions

are repelled by the soil particles, and some
eventual ly | each out of the root zone and drain to
groundwater (fig. 2). Urbano (1987) estinated

that one-third to one-half of all the nitrates
that are applied as fertilizers end up in

gr oundwat er .

The potential for pesticides and their chem ca
degradates to contribute to water pollution
depends on their physical and chem ca
characteristics. Pesticides that renain sol uble
in water can be carried in surface runoff or |each
to groundwater. O her pesticides become adsorbed
onto soil particles, which could be carried by
suspension in surface water (O Hara 1991). These
properties and their potential for agricultura
pol lution are discussed in nore detail in the
section on Best Managenent Practices For Forest
Nur seri es

According to the | egal definition, forest
nurseries can generate either point source or
nonpoi nt source pollution. As is often the case
however, the actual distinction between the two
terms is quite fuzzy

* Point Source - The O ean Water Act defines

poi nt source pollution as "any di scernable, confined,

and di screte conveyance, including but not limted
to any pipe, ditch, channel ---- from which
pollutants are or may be di scharged" (Fentress
1989). As applied to forest nurseries, therefore
poi nt source pollution wuld be nost applicable to
surface discharges because it is relatively easy
to determine their source, especially from

contai ner nurseries wth inpermeabl e ground
surfaces. Normal irrigation soaks into the ground
in bareroot nurseries, but effluent fromdrain
tiles or open drainage ditches could theoretically
be defined as point source pollution

* Nonpoi nt source - Al though not specifically
defined by The Cean Water Act, the EPA refers to
nonpoi nt source pollution as that whichis
generated by diffuse land use activities, and
whi ch is conveyed to waterways through natura
processes such as stormrunoff or groundwater
seepage. Furthernore, nonpoint pollution is not
subject to "end of pipe" treatment, but is
controlled by changes in | and nanagenent
activities (Fentress 1989). Both bareroot and
contai ner nurseries could be accused of nonpoi nt

source pollution if tests of groundwater were
found to be contaminated by nitrates or pesticides
that are used at the nursery. Currently, however
it would be difficult to prove the exact source of
the pollution because little is known about
subsurface hydrol ogy.

Wat er Managenent

Several technical terns are commonly encountered

in water managenent discussions. As previously

di scussed, legal definitions will vary with the
particular application. Definitions fromthe
"Container Nursery lrrigation Water Management

Pl an" that was recently devel oped in O egon

wi || be discussed further in the section on Managi ng
Agricul tural Water Pollution

* Discharge - In the broadest sense, a discharge
is any water (irrigation or precipitation) which

| eaves the nursery. Al though both surface runoff
and wat er which | eaches to groundwater can be
consi dered di scharges, sone definitions state that
that nornal seepage is not classified as a

di scharge. Note that some water flows, such as
surface runoff froma sudden thunderstorm could
be considered di scharges even though they are
beyond the control of the nursery nanager

* Best Managenent Practices (BMP'S) - Nursery
managers can prevent or even elimnate water

di scharges by a variety of activities. As will be
di scussed in the section on Best Managerent
Practices For Forest Nurseries, BW's can be used
t hroughout the nursery system

* \Wter Managenent Plan - These are docunents that
detail the specific BMW' S to be undertaken by a
nursery to control agricultural contam nation of
surface or groundwater. They are |ega
transactions that are reviewed and filed with
gover nment pol | uti on nonitoring agencies

DO YQU HAVE A PROBLEM?

Probl ens are extrenely subjective, but a workable
definition is the difference between "what is" and
"what should be" - what constitutes a serious
problemto one person may be inconsequential to
anot her. Defining problenms always invol ves val ue
judgnments, and so the values or objectives of an

i ndi vi dual or organization will define the nature
of its problens (Landis 1984). In the context of
agricultural pollution, the mere presence of

m nute concentrations of a pesticide in a water
sanpl e may be deened unacceptabl e, even though the
| evel s are bel ow known toxicity |evels. Because

of this subjectivity, problens can be divided into
"real" or "perceived" problens for nursery
nmanagenent pur poses

Unfortunately, it can be technically difficult,
time consumng, and costly to determne if your
nursery is discharging waterborne pollutants into
the environment. Agriculture in general does have
a problem however. Industry estimates show that
over two-thirds of the pesticides used in the U'S



are applied to agricultural land (fig. 3); in
1983, this equated to over three-quarters of a
billion pounds of pesticide (Storck 1984). Use of
nitrogen fertilizers has al so increased by 10
mllion tons since 1955 (MWI1lianms and others
1991). Not surprisingly, water quality agencies

in 34 states have identified agricultural nonpoint
source pollution as a major problem (Bjerke 1989).

Government

Industrial &
commercial use Agricultural

use

Figure 3.--Agriculture is the major user of
pesticides in the United States, and so forest
nurseries are potential polluters by
inplication (Storck 1984).

G anted, forest nurseries are only a very snall
percentage of total agricultural production but,
the very fact that nurseries apply potenti al

pol lutants, means they are guilty by association.
Per haps the nost prudent philosophy is to assune
that all forest nurseries have at least a

percei ved problemwi th agricultural pollution.
This is particularly true where | andowners Iiving
around the nursery routinely see fertilizers and
pesticides being applied - to these nursery

nei ghbors, this use nay very likely constitute a
probl em (Schol tes 1991a).

MANAG NG AGRI CULTURAL WATER PCLLUTI ON

There are a variety of different nanagenent
approaches to any situation, and probl em sol ving
is routinely required. Unfortunately, one
traditional technique is the "ostrich approach”,
whi ch involves nerely ignoring the problem After
all, there's no real reason to panic until you get
a call fromthe Environnental Protection Agency,
or the "60 Mnutes" truck pulls up outside the

nur sery!

Qovi ously, we recommend a nore realistic approach
and assume that you have, or soon wll have,
either a real or perceived problemw th
agricultural pollution. And, rather than wait for
a problemto devel op, nursery nmanagers shoul d
beconme proactive and | earn how to prevent or at

and Department of Environmental Quality to
iron-out the specific language. This is an
excel | ent exanpl e of how nurseries can control
their own fate and hel p influence water quality
regul ations (Gey 1991).

I nqui re about | egislation

There are several federal |aws that regul ate
agricultural pollution of surface or groundwater
inthe United States, including the dean Water
Act, FIFRA - the Federal Insecticide, Fungicide,
and Rodenticide Act, The Safe Water Drinking Act,
and The Food Security Act (Logan 1990). Several
states have al so passed | aws, such as the
California Safe Drinking Water and Toxic

Enf orcenent Act, which is better known as
"Proposition 65". This act has sonme uni que

el ements which will be of concern to nursery
managers. A "bounty hunter" clause stipul ates
that any citizen can bring suit to enforce the
regul ations, and that the claimant is entitled to
25% of any fines that are |evied (Brouwer 1990).
The U.S. Suprene Court recently ruled that even

| ocal governments, such as city and counties, can
establish their own pesticide use |aws that
supercede federal regulations (Nursery Manager
1991).

Even within a state, you need to know which
agencies actually regul ate water quality. In
Oregon, the "Container Nursery Irrigation Water
Managenent Pl an" was established through a

Menor andum of Under st andi ng between the O egon
Departnment of Agriculture and the Departnent of
Environmental Quality, but the Departnent of
Agricul ture was assigned the responsibility for
inplementing and nonitoring the Plan (Gey 1991).

The type of pollution also affects the applicable
| egislation. Mdst |aws are aimed at point source
pol lutants because they are easier to identify,
and control measures are relatively

straight -forward. Nonpoi nt source pollution has
not been wi dely addressed, however, because it is
prinmarily caused by general |and use activities
and the exact source is often difficult to
identify.

Each piece of legislation or regulation can have
different definitions, so you have to read each
one carefully. For exanple, the followi ng are
fromthe "Container Nursery Irrigation Water
Managenent Pl an" (O egon Departnent of Agriculture
1991) :

The Pl an defines "discharge" as "a rel ease of
irrigation return flows to surface waters, or a
significant rel ease of such water to groundwater".
Note that, although it nentions groundwater, the
definition continues: "Normal seepage resulting
fromstandard irrigation practices is NOT
classified as a discharge" (enphasis added). Al so,
note that surface runoff caused by precipitation
is not specifically nmentioned.

The Plan states that Water Managenent Pl ans nust
be devel oped by individual container nurseries and



gives two options: 1) elimnate all irrigation
runof f di scharges, or 2) obtain runoff discharge
permts, which are not only expensive, but wll
requi re nonitoring and perhaps further water
treatment (Gey 1991).

Moni tor surface runoff and groundwat er

It would be prudent to have surface and

groundwat ers tested to determine if any
agricultural pollutants are actually |leaving the
nursery. Mbst forest nurseries have never

anal yzed their water discharges for possible

pol lutants, but it would be wise to establish some
basel i ne data as soon as possible. |If nothing

el se, this would provide some neasure of |egal
protection as it would show that you are at |east
aware of a potential problem The next step woul d
be to initiate a regular testing programto show
changes over time. It. is extrenely inportant to
docunent test results so that they will be readily
avail abl e in case you ever need them

What to sanple

Surface water, water noving through the vadose
zone, or groundwater can all be sanpled for

pol lutants. Sanpling of surface runoff should be
relatively easy. Some facilities, |ike Mnrovia
Nursery in Dayton, OR were laid out with graded
and sl oped beds to collect surface runoff. Most
forest nurseries can nonitor surface runoff or
sedi ment fromcol |l ecti on ponds, adjacent streans
or rivers, drainage ditches, or sinply water
flowing off seedbeds following irrigation or
rainfall.

Determining if pollutants are |eaching can be
particularly difficult because of the extrene
variability that can occur in subsurface

hydrol ogy. A fairly sophisticated sanpling grid

in both the vertical and horizontal dinmensions may
be required to positively establish the pattern of
| eachate novenent. Bareroot nurseries with drain
tiles could sanple the discharge at several
different locations to get a rough idea of the

| eachi ng situation.

Another option is to use lysimeters - sanpling
instruments that are specifically designed to
nmonitor water in the unsaturated vadose zone (fig.
4). Each lysinmeter is pernanently installed at a
certain depth in the soil. Soil noisture is drawn
into the lysinmeter when a vacuumis applied; the
water is renoved with application of another
vacuumto the sanple recovery line (fig. 5). Since
lysineters are expensive and difficult to nove and
re-install, their placenent is inportant. They
shoul d be | ocated where there is a high
probability of obtaining polluted water or where
water quality docunentation is needed: beneath

hi gh perneability soils, under sedinentation

ponds, or adjacent to sensitive surface

wat ers,

The USDA Forest Service initiated a |ysineter
study in 1989 in which four to six lysineters were

installed at each of the 11 Forest Service

L Ground surface
Soil

|

‘wandose zone

iater table
f.

Groundwater

Bedrock

Fi gure 4.-- A though both lysinmeters and wells can
be sanpled to determne if agricultural
pol lutants are | eaching to groundwater, they
sanpl e different hydrol ogi c zones -
lysimeters sanpl e the vadose zone, whereas
wel l's can be used to test groundwater
(rmodified fromTinco 1987; used with

perm ssion).
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Figure 5.--Lysineters can be used to collect a
sanpl e of water fromthe vadose zone by
creating a vacuumw th a hand punp (nodified

fromTincto 1987; used with perm ssion).



nurseries across the United States. All are
bar er oot operations except one which al so has
contai ner seedling facilities. Water sanples from
each |ysinmeter were drawn quarterly over a 2-year
period and sent to | aboratories for anal yses of
nitrate content and six pesticides (benonyl
chlorothal onil, dacthal, diazinon, and

di phenam de) or their degradates.

Interimtest results show a wide range of nitrate
levels (0 to 242 ppm) with the najority of sanples
falling between 0 and 50 ppm These |levels are
slightly higher than nornal: Brouwer (1990)
reported that nitrate levels in the vadose zone
typically range from5 to 100 ppm with frequent
detections in the 20 to 40 ppmrange. These
Forest Service lysineter tests indicate that
forest nurseries may indeed have a problemwith
nitrate leaching, as the maximumlimt for
drinking water is 10 ppm (CAST 1985).

The interimresults for pesticides showa little
over 10% of sanples with detectabl e pesticide
resi dues al though the detection limts for these
tests are in parts per billion (ppb). The
reported test values were extrenely | ow, ranging
fromO0.01 ppb to 1.00 ppb, and so the testing

| aboratory wants to re-anal yze the sanples by a
second procedure to nmake certain that the
detections are not the result of contanination or
ot her operational flaws.

Addi tional lysinmeter nonitoring is planned and
wi || give managers of the Forest Service nurseries
ongoi ng informati on about the anount of nitrate
and pesticide that is |eaching fromtheir soils

Measuring the groundwater itself is nmore
strai ght -forward, as sanples can easily be taken
fromexisting irrigation wells (fig. 4). Special
"observation wells" could al so be established and
sanpl ed for possible pollutants. But again, it
may be difficult to establish the exact source of
t he pol lution

Sanpl i ng Procedures

A wel | thought-out nonitoring plan should be drawn
up before any actual sanpling begins. Plans

shoul d descri be when to sanple, where to sanple
how to sanple, as well as what to sanple, and
shoul d be reviewed at |l east yearly to ensure that
they are current and appropriate. Mnitoring

plans may very likely need to be revised as new
sanpl i ng nmet hods are devel oped or conditions at
the nursery change

Wt er sanpl es can either be taken on a periodic
set schedule or after certain events, such as when
pesticide or fertilizer applications are foll owed
by heavy irrigation or rainfall. The chances of
detecting potential pollutants in surface or
groundwater are naximzed in the latter case and
represent a worst-case situation. A

cal endar -based sanpl i ng schedul e m ght consist of
sanpl i ng surface and bel owground water every 2

weeks or every nonth, for exanple. ldeally, a

conbi nati on of the two sanpling schedul es shoul d
be used. For exanple, routine sanples could be
schedul ed at periodic intervals, and specia
sanpl es could be collected after heavy irrigation
and precipitation

Prior to beginning a nonitoring program it is

hel pful to analyze the nursery site and try to map
natural water flow, drainage patterns, soil types,
and under ground hydrol ogy. Mnitoring water
quality vertically, fromsurface to vadose to
groundwat er, as well as horizontally from seedbed
to sedinmentation pond to stream can provide

addi tional information on water flow patterns at
the nursery site. For nost |ocations, however,
there is little or no information on underground
hydr ol ogy.

Speci al equi prent and handl i ng techni ques are
requi red when coll ecting water quality sanples
(Tayl or and others 1988). Many potentia
pollutants are volatile or can otherw se change
before they can be anal yzed, and so speci al
sanpling bottles must be used. The anal ytica

| aboratory can provide bottles and recommend the
proper handling and storage procedures. Minch
(1991) expl ai ned the sophisticated sanpling

net hods used during the national EPA groundwater
survey

The cost of water sanpling varies depending on the
chem cal s to be anal yzed; sone anal yses are nore
conpl ex and therefore nore costly. Costs can be
reduced by taking conposite sanpl es when the
nonitoring programis started. Sanples froma
nunber of locations in the nursery are conbined
and submtted to the lab as a single sanple; if a
suspect chemical is detected, then single sanples
can be taken to determ ne the exact |ocation of
the positive sanple. To date, very few pesticides
have been detected in vadose zone or groundwater
sanpl es fromboth forest nursery and other
agricultural sites so conposite sanples are a

| ogi cal way to proceed. Costs can al so be reduced
by nonitoring select chemcals. If it is not
econom cal ly feasible to nmonitor all chemcals
used at the nursery, those which pose the greatest
hazard to water resources or human health or those
whi ch are controversial should be given first
priority.

I nf orm nei ghbors, local authorities and the nedia

One of the best ways to avoid future problens is
to l et people know that you are aware of the

pol lution potential at your nursery, and how you
are planning to deal with it. You mght want to
begin with the people living around your nursery.
As previously discussed, even if a pollution
problemis discovered, it is often difficult to
determ ne exactly where it is comng from Your
nei ghbors are only too aware that you use
fertilizers and pesticides on your nursery, and so
you will be judged guilty if they discover any
chem cal pollutants in their well water. It would
be prudent to let them know that you have
instituted a testing program and that you are



consi dering other pollution managenent practices
(Schol tes 1991a).

It is also a good idea to contact |ocal water
nmanagenent authorities regardi ng your concerns
about agricultural pollution, and your intention
to begin nmonitoring. It is possible that they can
l et you know if other people in your area have
testing prograns, and perhaps you can even
participate in a existing program Federal (Soil
Conservation Service 1991) and state (DeLuca and
Johnson 1990) agenci es have even devel oped
conputer nodels that hel p evaluate the |ikelihood
of groundwater pollution at a particular site.

The University of |daho Forest Research Nursery
recently devel oped a small wetland to store and
treat the surface runoff water fromtheir

contai ner nursery (Dunroese and others 1991).
Because the fate of natural wetlands is currently
newsworthy, the nursery staff worked with the
Uni versity newsletter on an article that details
their program (Lyons 1991). |f presented in a
positive manner, these small efforts can turn a
potentially volatile topic into a one that will
reflect favorably on you and your nursery.

Devel op a systenatic water managenent plan

Before you start working on the details of a water
managenent plan it is helpful to step back and

| ook at the entire situation. The flow of
potential pollutants through a nursery can be
viewed as a sinple input-output system(fig. 6).
The inputs are nitrates or phosphates from
fertilizers, any pesticides that are applied, and
the water that acts as the carrier. The outputs
are the two types of discharge: surface runoff or
| eaching to groundwater. This systematic approach
i s inval uabl e when deci di ng which pollution
control measures are warranted, and when they wll
be nost effective.

A conpr ehensi ve wat er managenent plan shoul d
consist of the following (Gey 1991):

1. Base maps that show the nursery and the
I ocation of relevant topographical and cul tural
features.

2. Anarrative section that provi des general
i nformati on about the nursery operation and the
type of irrigation system

3. A npnitoring program whi ch di scusses which
water quality tests were used, and item zes
test results.

4. Supporting docunentati on which shoul d include
engi neering plans, photos, and other technical
i nformation.

5. Alist of Best Managerment Practices that wll
be enpl oyed.

Nursery
production

25
0
100
2685
Yetede!

Figure 6.--The agricultural pollution process in
forest nurseries can be viewed as an
i nput - out put system pesticides and
fertilizers are carried into the nursery
systemin water and can | eave the nursery
in surface runoff or as |eachate.

BEST MANAGEMENT PRACTI CES FOR FOREST NURSERI ES

Every nursery is different, and so each shoul d
devel op a systemmtic water managenent plan that
addresses its own specific situation. Using the
nodel , nursery managers shoul d consider all four
types of Best Managenent Practices (BWM' s): source
controls, cultural practices, control structures,
and conprehensi ve neasures. Each type of BW
affects a different part of the nursery system
(fig. 7). Source controls limt the input of
fertilizers and pesticides into the nursery
system cultural practices can be used within the
nursery systemitself, and control structures
reduce or even elimnate the discharge of

pol lutants fromthe nursery. Conprehensive
nmeasures contain el ements of several of the other
three BMP categories. For exanple, integrated

pest managenent (I PM includes source controls
(limting the types and amounts of pesticides that
are applied), as well as cultural practices that
can reduce the need for pesticides.

The nost appropriate BV will depend on the kind
of nursery (container or bareroot), the chem cal

characteristics of the target pollutants, and the
types of discharge that need to be managed (table
1). Most BM' s are oriented at one particul ar

pol lutant or one type of discharge. For exanpl e,



Timing of BMP's

Source
controls

Cultural
practices

Control
structures

Fi gure 7.—ndividual Best Managenent Practices
(BW'S) are only effective at certain tines
during the nursery system Conprehensive
BMP's include parts of the other three types

and so are useful throughout the system

Table 1. —The effectiveness of different
wi th kind of nursery, the target

a sediment basin nmay work well for trapping
pesticides that may be carried on soil particles,
but it is ineffective for soluble nitrates and
pesticides. Unlined sedi nent basins are intended
to control surface water discharge, but may even
encour age the | eaching of soluble pollutants that
can | each to groundwater. Nurseries should
evaluate all potential effects and consequences
before adopting a specific BW

Source control s

These are the easiest type of BMP to inplement and
are by far the nost effective (Logan 1990). They
include determning the pollution potential of
fertilizers and pesticides, and coordi nating
irrigation to insure that these naterials are
carried into the root zone but do not |eave the
nursery in surface runoff or leach to groundwater.

Determ ning the pollution potential of fertilizers

Mbst nurseries overfertilize because it is cheaper
and easier to waste a little fertilizer than take
the risk of reducing seedling growth. Now,

however, an additional expense nust be considered
- the cost of potential water pollution. Mre
efficient use of fertilizer is both economnically
and ecol ogi cal |l y sound (Newboul d 1989).

The total anpunt of fertilizer that is applied per
season shoul d be exami ned. W know that increased
fertilization stinulates seedling growth so that

Best Managenent Practices (BMP'S) varies
pol lutant, and the type of discharge

Tar get Pol | ut ant Type of Discharge

Type of BWP Nursery System Pesticides N trates Surface Runoff Leachi ng
Source Controls Bar er oot & Cont ai ner H gh H gh Positive Posi tive
Cultural Practices

Cover Cropping Bar er oot H gh Medi um Positive Positive

Subsoi i ng Bar er oot Low Low Positive Negati ve
Control Structures

Tile Drains Bar er oot Low Medi um Vari abl e Posi tive

Sedi ment Basi ns Bar er oot & Cont ai ner Medi um Low Positive Negati ve

(Unli ned)

Conpr ehensi ve Measures

I nt egrated Pest Bar eroot & Cont ai ner Medi um None Positive Positive

Managenent (I PM




we can produce a shippable crop on a shorter
rotation. If fertilization rates must be
decreased to stop pollution, then crop rotation
timng will also have to be adjusted. Many
nurseries apply fertilizer as a matter of
tradition, and have never actually done any
fertilizer response trials to determ ne the proper
application rate for their species, cultural
regime, and climate. Nurseries can enpirically
determ ne the proper amount of fertilizer to apply
by correlating application rates to yield. Note
that even different species of the sane genus vary
in their response to fertilization (fig. 8).
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Figure 8.--Five species of Eucal yptus (Eucal yptus
spp.) seedlings had different growth
responses to both nitrogen (N) or phosphorus
(P) fertilization (Asen and Bell 1990; used

wi th perm ssion).

The timng of fertilizer applications is also
important (McWIlians and others 1991). Rather
than apply nitrogen fertilizer in one or two |arge
applications, it is nore effective to apply a
nunber of small applications based on seedling
phenol ogy (fig. 9). Large applications of
nitrogen late in the growi ng season are not only
| ess effective, but are al so wasteful. Experience
has shown that phosphorus applications have a
greater inpact when schedul ed very early in the
grow ng season.

The nethod of fertilization affects the pollution
potential. In bareroot nurseries, fertilizers
shoul d be incorporated into the root zone if at
al | possible because surface applications can
easily wash off the seedbed, especially on soil
types that devel op surface crusts. Soil
incorporation is particularly inmportant with
phosphorus fertilizers because phosphate ions are
qui ckly i mobilized and will nove only a few
centineters fromthe fertilizer granule

(MWl liams and others 1991). Progressive
nurseries are experimenting wth bandi ng
fertilizers at the tine of sowing or between rows
of established seedlings later in the grow ng
season. |In container nurseries, slowrelease
fertilizers incorporated into the grow ng nedi um
have been shown to produce less fertilizer

| eachate than liquid fertilizer applications
(Whitconb 1988).

Determ ning the pollution potential of pesticides

Using agricultural chemcals to control pests is
an accepted part of nursery culture, but there is
increasing pressure to limt or even elimnate
pesticide use. Prudent use of pesticides can be

an integral part of an | PM program however. |f
the proper chemical is applied in the proper
manner, at the proper application rate, and at the
proper time, the risk of adverse environmental
effects is reduced.

The pol lution potential for a given pesticide is a
function of the characteristics of the pesticide
the nursery soil, irrigation practices, and
precipitation events (fig. 10). Pesticide
characteristics including solubility in water

soi|l adsorption, and persistence in soil are al
important and vary consi derably between the

her bi ci des, insecticides, and fungicides that are
commonly used in forest nurseries. Wen

integrated together, these characteristics can
provide an estimate of the pollution potential by
surface runoff or |eaching to groundwater (table
2). Sone pesticides, netalaxyl for exanple, have
a high | eaching potential because they are very
soluble in water but are not held by the soil

QG hers, such as oxyfluorfen, have a high soi
adsorption index and so have a high probability of
noving with soil particles in surface runoff. A
conplete listing of water solubility, soi
adsorption indices, persistance in soil and

pol lution potential ratings can be found in Becker
and others (1989). Conputer nodels are avail able
that will calculate pollution potential by
collectively integrating pesticide characteristics
and environmental conditions at a particular site
(e.g. DeLuca and Johnson 1990; Soil Conservation
Servi ce 1991)

Envi ronmental conditions, species tolerances, and
cultural practices are different in every nursery,
and so growers should conduct actual field trials
with pesticides to determne the proper rate and
timng of applications. New pesticide application
techni ques are continually being devel oped. In

Fi nl and, researchers have devel oped a sprayer that

applies the pesticide fromthe side so that the
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Fi gure 9.—Appl yi ng several small

applications of nitrogen (N) fertilizer early
in the growi ng season is nore effective than one or two |arge applications

and al so mnimzes the pollution potential.

Table 2. —Properties of some common nursery pesticides that determne their
pol [ ution potenti al

Soi | Pol | uti on Potenti al
Wat er Adsorption Persistence Surf ace
Trade Nane Common Nane Solubility | ndex* In Soil * Runof f Leachi ng
(ppm) (Koc) (days)
Her bi ci des
Dact hal DCPA 0.5 5, 000 100 Lar ge Sl |
Goal oxyfluorfen 0.1 100, 000 35 Lar ge Smal |
Princep si mazi ne 6.2 138 75 Medi um Lar ge
Roundup gl yphosat e 900, 000 24, 000 47 Lar ge Srral |
Tor don pi cl oram 200, 000 16 90 Snal | Lar ge
I nsecti ci des
Cygon di net hoat e 25, 000 8 7 Smal | Medi um
Di azi non di azi non 40 500 40 Medi um Medi um
Mal at hi on mal at hi on 145 1, 800 1 Smal | Smal |
Ot hene acephate 818, 000 2 3 Snal | Sral |
Thi odan endosul f an 32 2,040 120 Lar ge Smal |
Fungi ci des
Benl at e benonyl 2 190 240 Lar ge Lar ge
Bot r an dicloran 7 5, 000 10 Lar ge Sl |
Capt an captan 4 100 3 Smal | Sral |
Daconi | chl orot hal oni | 0.6 1, 380 30 Lar ge Smal |
Ri domi | mat al axyl 7,100 16 21 Snal | Lar ge

# = An index of the tendency of pesticides to adsorb to soil particles

* = The tine required for pesticides to degrade to one-half their previous
concentration (“half-life”)

Source: Becker and others (1989)
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Figure 10 --The pollution potentia
chem cal characteristics, soi

of any pesticide is a function of its
properties, and the timng and anount of

wat er applications (nodified fromBecker and ot hers 1989).

excess chem cal can be captured by a vacuum and
recycled (Tervo and Gt hers 1991).

Most pesticide pollution problens can be traced
back to inproper storage, transportation, and

m xi ng rather than application to crops. Nurseries
shoul d store their pesticides in specially
designed facilities that have been constructed to
contain spills. Pesticides should only be m xed

at special paved |oading areas that have catchnent
basins in case of spills. The worst place to mx
agricultural chemcals is near an irrigation well
with an unseal ed casing, although this often
happens because this is where the sprayer tank is
filled with water.

Coordinating irrigation with fertilizer and
pestici de applications

Water is necessary to dissolve fertilizers or
pesticides that are applied as top dressings and
carry theminto the root zone. However, excessive
irrigation causes undesirable | eaching or surface
runof f, which can be just as damagi ng as over
application of the fertilizers or pesticides
thensel ves. Irrigation and precipitation factors
al so affect the pollution potential rating of
pesticides and fertilizers (fig. 10). Some
water-related factors like irrigation practices
can be managed but severe precipitation events
such as thunderstorns, cannot be controlled. Heavy
rainfall can quickly exceed the soil infiltration
rate and can cause agricul tural pollution through
surface runoff. In climates with frequent heavy
rains, growers nay want to consider pesticides
with a lower surface runoff potential (table 2)

Cul tural Best Managenent Practices

Nursery managers can control potential
agricultural pollution with careful selection and

timng of cultural operations. For exanple, in
bareroot nurseries, between-the-row cultivation

i mmedi ately before application of a fertilizer top
dressing will increase the water infiltration rate
and reduce surface runoff. Container growers
shoul d consider regulating irrigation timng and
anmount by nonitoring bl ock weights; using a

cal endar to schedule irrigation results in
overwat eri ng and subsequent runoff of soluble
fertilizers and pesticides

Structural Best Managenent Practices

Once the potential pollutants are in the nursery
system there are basically two nanagenent
options: 1) elimnate all discharge, which neans
cat chment ponds and recycling, or 2) instal
treatnent systens to nmake di scharges neet water
qual ity standards

Col I ection and recycling systens

These invol ve catching and collecting all water
di scharges, fromboth irrigation and
precipitation, and so would be very difficult to
inpl enent in an existing nursery.

Newl y- constructed container facilities, however
shoul d be designed with an i nperneabl e ground
surface and catchnent basins. This is |ess
practical for bareroot nurseries, although new
technol ogy is continually being devel oped. For
instance, a dual pipe irrigation system has been
devel oped that uses the top pipe for subirrigation
and any | eachate is captured by a | ower pipe and
returned to the irrigation reservoir for reuse
(fig. 11).
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Figure Il.--New technol ogy, such as this dual pipe
irrigation system wll help reduce the
potential for pollutants to | each from
bareroot nurseries to groundwater (Subsurface
Irrigation Systems 1991; used with
per m ssi on).

Construct ed wet | ands

Mannade wetlands are a relatively new way of
biologically treating wastewaters by creating a
habi t at whi ch encourages aerobi c and anaerobic

m croorgani snms to renove pollutants from di scharge
water (fig. 12A). A though originally devel oped
for nunicipal wastewater, constructed wetlands
have been used to treat water that is contani nated
with a wide variety of pollutants, including

m ning and agricultural wastes. Constructed

wet | ands can renove potential pollutants from
water is several different ways:

1. Nutrients, such as P and N, are taken up and
organical ly fixed by wetland plants, such as
cattails and reeds (fig. 12A), and are
therefore tenporarily renoved fromthe
di scharge water. Harvesting these plants and

renmoving themfromthe site will make room for
nore nutrient i mobilization as new growh
occurs.

A Cattail Bulrush

Water Water
hyacinth primrose

Fi gure 12-- Aquatic plants (A) in constructed wetlands directly
i mmobi |'i ze sone potential pollutants, such as nitrates and
phosphates, as well as create an aerobic environnent
around their roots (B) for mcroorgani sns that detoxify
ot her substances (A, Stowell and others 1981,

per m ssion: ASCE Journal of Environnental

Hammer and Bastian 1989, used with perm ssion:
wetl ands for wastewater treatnent, Chelsea, M:

Publ i shers, Inc.).

2. Wetland plants create an aerobic environnent
(fig. 12B) that is favorable for
denitrification bacteria, which can convert
nitrates into harnl ess N gas.

3. Sone anaerobic mcroorganisns that live in
wet | ands can even deconpose organi c pol |l utants,
i ncl udi ng pesticides. Mcrobiologists have
recently discovered an anaerobic bacteria that
can breakdown pollutants fromcoal tar waste
that had | eached into groundwater (Anerican
Nurseryman 1991). Soneday, it may even be
possi bl e to custom-design a constructed wetl and
with the proper mx of mcroorganisms that can
degrade specific pollutants.

4. Constructed wetlands provide a place for
pesticides to physically degrade by sunlight
and oxidation. If water has a short residence
period in the wetland, then this would only be
applicable to pesticides that have a short
hal f-life.

Al t hough natural wetlands are effective for
treating wastewater, it would be unwi se, if not
downright illegal, to use a natural wetland for

di sposi ng of wastewater. The classification of
wetlands is a very hot political topic at the
present time and there is even di sagreement as to
what constitutes a wetland.

Several forest nurseries have begun to consider
the use of constructed wetlands for treating their
irrigation discharges. The staff at the Lone Peak
Conservation Center Nursery, with help fromthe
Soi |l Conservation Service, is devel oping a
constructed wetland to handl e the wastewater from
their greenhouse near Salt Lake Gty, UT. One of
the exciting innovations of this particular design
is that they are planning to grow riparian species
inthe treatnment ponds.
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Conpr ehensi ve Best Managenent Practices wait for the perfect wastewater treatment system
to be developed. It is prudent to show that you

Certain prograns, such as IPM affect several are aware of a potential agricultural pollution
different aspects of the nursery system (fig. 7). problem and that you are taking positive actions
Although it has been around for years nursery to mninize any adverse effects.

manager s shoul d reconsider |1PM which conbines the

S . This article is just the first of a series of
use of pesticides with a battery of other

papers that were presented in the special focus

non-chem cal pest control neasures. Decisions for session on agricultural water pollution.
sel ecting a pest control nethod should be reached Additional information can be found in the
by conparing the pros and cons of each practice - following 8 articles in this Proceedi ngs.

pol lution potential should be considered al ong
with cost, ease of application, and effectiveness.
Qperational studies have shown that, if biol ogical
and cul tural control methods are enphasi zed and
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