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INTRODUCTION

Ground water pollution and eutrophication of surface
waters due to agricultural practices have been reported
worldwide. Still, the risk posed by production of forest
tree seedlings, although widespread, is poorly known.
Although the total use of fertilizers and pesticides in
forest nursery production is small compared to that in
agriculture and horticulture, there can be at least
local risks, since some nurseries are situated on areas
near lakes and rivers and/or where ground water
reservoirs are found.

Use of chemical fertilizers has increased the amount
of nitrogen (N) and phosphorus (P) transferred from
agricultural fields to surface and ground waters
(Tiessen 1996; Vitousek and others 1997). Excess P,
in particular, and N in the surface water has
accelerated the eutrophication of these waters. Small
shallow lakes, typical in Finnish agricultural regions,
are most sensitive to eutrophication (Kauppi and
others 1993). In the European Union (EU), NO3 levels
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Abstract

Forest seedling production could be seen from at least 2 environmental standpoints: nurseries as possible point sources
of harmful chemicals, and as part of the artificial regeneration process in life cycle analyses of wood products. If
nurseries are looked upon as point sources of agricultural pollution, then the harmful substances of importance to
human health and the environment are nitrogen and phosphorus compounds, as well as pesticides and their
metabolites. The handling of bio-wastes could indirectly influence the pollution potential of nurseries. For example,
effective waste management and good nursery hygiene could decrease the risk of diseases and the need for chemical
control.

Evaluation of production systems and methods could help nurseries to develop growing practices that decrease the
nutrient and pesticide load on the environment. Many factors must be considered when nutrient and pesticide losses
from a container tree seedling nursery are estimated. For example, it is important to identify the sources of nutrient and
pesticide load so that the control measurements are concentrated correctly. Fertigation of nutrients into aisles and other
empty spaces around container blocks could cause higher nutrient load than the leaching of nutrients from containers
into the ground. Water management is an important means of controlling contamination of the environment. Practices
that increase the efficiency of irrigation and efficiency of nutrient use by seedlings obviously decrease the
environmental impact.
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greater than 50 mg/l (= NO3-N 11.3 mg/l) in drinking
water are considered unsafe for humans (European
Community 1998). In the US, the NO3-N limit is 10
mg/l (USEPA 2001). High nitrate concentrations in
drinking water could affect, in particular, the health
of infants.

Pesticides are a heterogeneous group of chemicals,
and their risks to human health and environment vary
greatly. According to Gallivan and others (2001), the
health and environmental risk is a function of the
toxicity of the pesticide and the level of exposure.
Risk characterization defines the likelihood that
humans or wildlife will be exposed to hazardous
concentrations. For example, in the EU, the guideline
limit for an individual pesticide in drinking water is
0.1 µg/l. The total limit for all pesticides is 0.5 µg/l
(European Community 1998).

Not only in Finland, but also in Norway, Sweden,
and Canada, the change from bareroot production to
container seedling production has probably influenced
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the risk of environmental contamination by forest
nurseries. The production of bareroot seedlings is
similar to agricultural production, and knowledge
about the impact of agricultural operations can be
used in evaluation of bareroot production. Production
of container seedlings, on the other hand, is more like
horticultural production.

Information about the impacts of forest nurseries is
needed for the environmental management work of
nurseries and for life-cycle analyses of wood
products (fig. 1). This article is a short summary of
studies carried out in the Finnish Forest Research
Institute, Suonenjoki Research Station and nursery
during the years 1995 to 1998. The main aims of
these studies were to survey the environmental
impact of forest seedling production by surveying
the use of fertilizers and pesticides in Finnish forest
nurseries and assessing how much is leached into
the ground in production of container seedlings.

MATERIALS AND METHODS

Questionnaire-based Survey

Information about the actual systems and practices
used by Finnish forest nurseries to grow seedlings
and data on the use of fertilizers and pesticides were
gathered in 1996 in a large questionnaire-based
survey. The first part dealt with the number of

seedlings grown and the areas, equipment, and
growing methods (Juntunen and Rikala 2001). In the
second part of the questionnaire, more detailed
questions were asked about cultivation practices and
the schedule of the largest container seedling lots, for
example sowing dates, period in the greenhouse, and
dates of fertigation and fertilizer doses (Juntunen and
Rikala 2001). For pesticides, such information as
application dates, trademarks of the pesticides used
and the doses used per hectare was collected
(Juntunen 2001). In the third part of the
questionnaire, the nurseries gave information about
disease and insect problems in their nursery during
the 1996 growing season (Juntunen 2000).

Leaching Studies

The leaching of N and P and 4 pesticides from peat
growing medium in containers was monitored in
commercial forest seedling production at Suonenjoki
nursery in 1995 to 1998. The water percolated from
container medium was collected with the same
system in all experiments from May to October/
November. Sloped polystyrene plates (16 x 16 inch
or 16 x 24 inch [40 x 40 cm or 40 x 60 cm]) equipped
with a hole and a sampling vessel were placed under
container trays (fig. 2). The trays were placed
systematically among the commercial production
stock. The volume, electrical conductivity (EC), and
pH of leachates were measured daily (excluding

Figure 1. Environmental impact of forest tree nurseries and some influencing factors.
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Saturday and Sunday) in 1995, and weekly in other
years. The samples were stored frozen for 4 to 6
months until analyzed for nutrients or pesticides.

Soil water was collected using tension lysimeters
(P80 ceramic cups). The lysimeters were installed at
a depth of 1.6 ft (0.5 m) beneath 2 greenhouses in
1996 and 1997. The birch greenhouse included 16
lysimeters collecting water from 3 different points
and the pine greenhouse another 16 lysimeters
collecting water from 4 different points.

In the first study, the leaching of N and P from peat
medium in containers into the ground and the nutrient
uptake of seedlings were investigated in commercial
production of Scots pine (Pinus silvestris L.),
Norway spruce (Picea abies Karst.) and silver birch
(Betula pendula Roth) (Juntunen and others 2003a).

In the second study, N and P leaching and uptake by
container silver birch seedlings were measured when
2 different types of slow-release fertilizers were used
in the commercial growing of seedlings (Juntunen
and others 2003b). The source of N in the fertilizer
“Vital Nursery” (“Taimiston Kestolannos” Kemira
Corp., Finland) was methylene urea. Part of the P, K,
and Mg was also in slow-release form; the source of
these forms was apatite for P and biotite for K and
Mg. The other fertilizer used in this study was
Nutricote® T70 (Nichimen Corp, Japan). The N and

PO4-P concentrations in soil water beneath the
container area were also measured.

In the third study, possible leaching of pesticides,
propiconazole (Tilt 250 EC®) and chlorothalonil
(Bravo 500®), from peat growing medium into the
ground was determined during commercial production
of container Scots pine seedlings (Juntunen and
Kitunen 2003). The concentrations of chlorothalonil
in soil water beneath the container areas were also
measured.

In the fourth study, the leaching of pesticides,
triadimefon (Bayleton 25®) and (alpha-)cypermethrin
(Ripcord® and Fastac®), was studied in container
birch production, and only a part of this data has
been published (Juntunen 2002).

RESULTS AND DISCUSSION

Use of Fertilizers and Pesticides

Per each shipped bareroot seedling, nurseries used
about 8X more N, 5X more P and 4X more pesticides
than used for each shipped container seedling. Most
container seedlings were delivered for planting as 1-
year-old seedlings, when most of the bareroot
seedlings were 4-year-old seedlings. In Sweden,
nurseries have applied even more nutrients to
bareroot seedlings than in Finland (Nyström and
others 2001).

The survey nurseries used 385,800 lb (175,000 kg) of
fertilizer in 1996. More than half of that amount was
used to grow 15 million shipped bareroot seedlings
and the rest to grow 100 million shipped container
seedlings. About half of the total amount of
pesticides, 1460 lb (662 kg) ai, was used in bareroot
production and the other half in container production.
In Sweden, the southern nurseries produced more
bareroot seedlings and used more pesticides
compared to the northern nurseries, which mainly
produced 1-year-old container seedlings (Hannerz
and Nyström 2002).

During the last 20 years, the annual use of fertilizers
in Finnish forest nurseries has decreased from about
1,763,700 to 441,000 lb (800,000 to 200,000) kg ai,
and the use of pesticides from about 39,000 to 2200
lb (18,000 to 1,000 kg) ai. The main reason for the
decrease has been the increased proportion of
container production. In conclusion, an average
Finnish nursery used much smaller amounts of
nutrients and pesticides to grow the same number
of seedlings at the beginning of the 2000s than at the
beginning of the 1980s.

Figure 2. Leachate collector with plate and vessel. One-
year old Norway spruce seedlings in Plantek 81F container
tray. (Photographed by Pekka Voipio)
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Great Variation among Nurseries in

Use of Nutrients and Pesticides in

Container Production

The amounts of N and P applied in fertigation varied
greatly between nurseries (fig. 3). The nursery with
the greatest use of fertilizers applied about 6X more
N and P than the nursery with the smallest use of
fertilizers. Often there were 1 or 2 nurseries that
differed from most of the nurseries. Depending of
tree species, the nurseries applied, on an annual
average, 143 to 205 lb N/ac (160 to 230 kg N/ha)
and 62 to 89 lb P/ac (70 to 100 kg P/ha), when the
amount of nutrients applied in premixed fertilizer
were included. Tree species had little influence on
the mean amounts of nutrients premixed and
fertigated per unit area. Because of the different
growing densities, the mean amounts of N applied
per seedling grown in a container were 145, 46,
and 36 mg for 1-year-old birch, spruce and pine,
respectively.

The Finnish survey nurseries used 7.5 lb (3.4 kg) ai
pesticides per million shipped container seedlings
and (32.4 lb (14.7 kg) ai per million shipped bareroot
seedlings. The variation in pesticide use between
individual nurseries was great. The Swedish studies
have given the same result (Hannerz and Nyström
2002). The mean amounts of pesticide use were
greatest for pine seedlings (8.5 lb/ac [9.5 kg/ha]) and
smallest for spruce seedlings (0.8 lb/ac [0.9 kg/ha]).
The largest number of products was used in growing

Scots pine seedlings. The number of pesticide
applications was greatest, and the chemical control
season was longest for growing pine. Scots pine, in
particular, has many nursery diseases (Lilja 1986;
Lilja and others 1997; Juntunen 2000).

The reasons for differences in fertilization and in
chemical control cannot be analyzed in a survey
study. The published data, however, give individual
nurseries the possibility to compare their practices
and the amounts of chemical applied with the
amounts used in other nurseries and could thus
provide the impetus for evaluation and development
of growing practices.

Percolation of Water from Container

Trays

In the Finnish system of container seedling production,
the outdoor time was critical for amounts of leachate.
Depending on tree species, a total of 1 to 7 inches
(25 to 175 mm) water, that is 11% to 31% of the
applied water (irrigation + precipitation), percolated
from the trays. During the greenhouse period,
percolation was < 10%. In the autumn, however,
50% to 70% of rainwater leached through the trays.
During the greenhouse period, the water content of
peat medium could be maintained inside the
optimum level; but in August and later in autumn,
when evapotranspiration decreased, the water content
of peat medium increased permanently to high levels
(fig. 4).

Figure 3. Amounts of nitrogen applied by nurseries to container seedlings in fertigation. Each
dot represents one nursery.



68

The irrigation (fertigation) method used in Finnish
forest nurseries was based originally on the studies
of Puustjärvi (1977) and is discussed by Heiskanen
(1993) and confirmed by Heiskanen (1995). According
to their conclusions, the water availability and
aeration are optimum for the growth of tree seedlings
when the water content of the light Sphagnum peat
medium in containers is at the level of 40% to 50%
of the peat medium volume. Lamhamedi and others
(2001) have also concluded that a water volume of
30% to 45% of peat-vermiculite (3:1 v:v) substrate
volume in large containers (21 in3 [350 cm3]) is
optimum for the growth of white spruce seedlings.

In Dumroese and others (1995), the amounts of
discharged water were as large as 450 to 800 mm.
The different irrigation (fertigation) methods could
explain this difference. Dumroese and others (1995)
irrigated according to recommendation of Landis and
others (1989): “The key consideration in applying
liquid fertilizers is to apply enough solution each
time to completely saturate the growing medium
profile and flush out excess fertilizer salts.” The
greater the leachate fraction is, the greater is the risk
of nutrient contamination of the environment
(McAvoy and others 1992).

Water management is an important means of
controlling contamination of the environment,
because water carries both nutrients and pesticides
(Landis and others 1991). Water management
includes 2 aspects: the reduction of the amounts of
water discharged in seedling production, and the
management of waste water.

Leaching of Nutrients

The annual leaching of N in the production of
container forest tree seedlings (fig. 5) was not much
greater than the mean losses of N, about 16 to 18 lb/
ac (18 to 20 kg/ha), from Finnish agricultural fields
(Rekolainen and others 1993). The P leached in
substantially greater amounts (10 to 50 lb/ac [11 to
56 kg/ha]) than what had been measured from
agricultural fields, which was 0.85 to 1.5 lb/ac (0.95
to 1.7 kg/ha) (Rekolainen and others 1997). Although
the results for amounts of N and P leached are only
from one nursery, it was fairly representative of most
forest nurseries in Finland.

The premixing of fertilizer into the peat growing
medium can increase the leaching risk of nutrients.
When the nutrient content of peat is large at the
beginning of seedling growth, the irrigation can

Figure 4. A) Amounts of water applied (irrigation + precipitation) and the amounts of leachate (mm)
produced daily (excluding Saturday and Sunday) in production of container Scots pine seedlings in 1995;
B) Water content of peat medium as a proportion of the peat volume in container trays.
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cause nutrient leakage. In leaching studies, N in
particular leached from birch containers in late May
and early June, although about half of the N premixed
into the peat was in slow-release form as methylene
urea. On the basis of the leaching study, the use of
slow-release fertilizers instead of fertilization used in
Finnish nurseries does not necessarily diminish the
leaching of N from containers into the ground in
birch production.

About 50% to 90% of the N leached from conifer
trays during July and August (during the fertigation
period). The number of fertigations, 3 to 8 sessions
during the growing season, was very low. The few
fertigations must have caused high peaks in the
nutrient content of the peat medium. When the
nutrient content of peat is large, irrigation water and
rain could leach nutrients. In 1995, for example, a
heavy rainfall (0.4 inch [10 mm]) that occurred soon
after 1 fertigation leached about one-third of the total
N leached from the pine and second-season spruce
container trays during the whole collection period.

The N leached in nitrate, ammonium, and organic N
form from peat growing medium (fig. 5). The N
forms, ammonium, urea, and methylene urea,
premixed into the peat and applied with fertigations
may explain the amounts of NH4-N in the leachates.
Ammonium and organic N compounds can also
increase the risk of groundwater contamination, since
they can later be transformed to nitrate in the soil
(Addiscott and others 1991; Colangelo and Brand
2001). Apparently NO3-N analyses are not enough;
when the risk of contamination is evaluated, total N
analyses are also needed.

Nutrient Load

In the production of container seedlings, the total
nutrient load consists of the amounts of nutrients

leached from containers into the ground and
fertigated directly into the ground alongside and
between the seedling containers. Depending on the
containers and their layout within the nursery, the
amounts of nutrients leached may be smaller than the
amounts of nutrients fertigated directly onto the
ground.

In Finnish pine and spruce production, the container
trays usually cover the whole production area; that is,
the fertigation falls outside containers only around
the blocks of container trays. In a greenhouse (164 ft
x 36 ft = ~5900 ft2 [50 m x 11 m = 550 m2]) the
irrigation could overlap the area covered by container
trays from 1.6 to 5 ft (0.5 to 1.5 m) (the middle aisle
and sides), which means that from 10% to 20% of the
nutrients are applied outside the seedlings. Based on
the results from pine production in 1995, it could be
estimated that fertigation outside seedlings and
leaching were of the same magnitude (9 and 10 lb N/
ac [17 and 18 kg N/ha], respectively).

In birch production, the situation is different because
most nurseries placed the birch container trays about
8 inches (20 cm) from each other before fertigations
started. Due to tray separation, the container trays
covered only about half of the total irrigation area;
that is, about half of the irrigation (fertigation) water
fell outside the containers. Based on the leaching
study in 1995, the load caused by fertigations was
much greater, 78.5 lb N/ac (88 kg N/ha), than that
caused by the amounts of N leached, 18 lb N/ac
(20 kg N/ha).

When slow-release fertilizers were premixed to peat
growing medium, no fertigations were given in birch
production; that is, no nutrients were applied outside
the container trays. The amounts of N that leached
from container trays caused the total load.

Soil Water Beneath Pine and Birch

Container Areas

The different lay-out of pine and birch containers in
greenhouses, after birch containers were placed 8
inches (20 cm) apart at the end of June, influenced
the leaching of water and nutrients in the soil beneath
the containers.

In pine production, the small amounts of leachate,
and complete container tray cover, caused a small
hydrological load. From May to July, these leachates
were less than 0.4 inch (10 mm) per month, and from
August to October, less than 4 inches (100 mm) per
month. In these conditions, the downstream flow of
water beneath containers was small, which was noted
in the amounts of water collected by lysimeters. In

Figure 5. Leached amounts of NO
3
-N, NH

4
-N and organic

N by tree species in 1995.
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1997, the lysimeters took up water poorly (only 6
cups total). In 1998, some water samples were
collected when the soil above the lysimeters was
watered twice artificially.

Beneath the birch container area, the situation was
different. Separation of the containers increased the
hydrological load. For example, in July the applied
amount of water on the ground without container
cover was 12 inches (300 mm), while the leached
amount was only 2 inches (50 mm). The increased N
load and irrigation volume increased both the water
volumes collected by ceramic cups and the N
concentration in soil water (fig. 6). The soil water
contained nitrate and organic N compounds, but little
ammonium (NH4-N < 1 mg/l). The concentrations of
PO4-P were also less than 1 mg/l in all soil water
samples.

Efficiency of Nutrient Use by

Container Seedlings

The N and P content of seedlings varied from 15% to
63% of the applied N and from 5% to 33% of the
applied P. The efficiency of N use by birch seedlings
(63%) was slightly better than that of pine seedlings
(42% to 52%). When spruce seedlings were grown
for 2 years in the nursery, the efficiency of N use by
first season seedlings (15%) was much lower than
that of second-season seedlings (42%). Results for
Swedish nurseries are similar (Hannerz and
Rosenberg 2001).

The efficiency of N use by birch seedlings fertilized
with slow-release fertilizer was lower (29% to 45%)
than that of seedlings fertilized partly with liquid
fertilizer (66% to 81%). One disadvantage of slow-
release fertilizers is that the amounts of fertilizer
applied have to be large enough to guarantee the
desired growth of birch seedlings in Finnish growing
conditions. However, the differences between
fertilization systems were no longer so clear when
the amounts of N fertigated outside the seedlings
were included in the efficiency calculations. The
efficiency of N use of fertigated seedlings dropped to
50% (1998) and to 60% (1997).

When efficiency is examined from the seedling
standpoint, we measure how effectively a seedling
has used nutrients applied to it. On the other hand,
when we look upon efficiency from the production
standpoint, we calculate how effectively the shipped
crop has used applied nutrients. We have to take into
consideration, for example, the amounts of nutrients
applied outside the seedlings. Obviously the number
of shipped seedlings is smaller than the number of

seedlings grown, which also influences the use of
resources.

Determination of seedling nutrient content could be
one means to develop fertilizer efficiency. However,
with nutrient content of seedlings or the crop, only
the potential risk of nutrient leaching can be
estimated. On the basis of leaching studies, only a
part of the amount of N and P, which the seedlings
did not take up from applied N and P, leached from
container medium.

Pesticides in Leachates and Soil

Water

The seedling canopy and peat medium adsorbed
pesticides effectively. During the growing period,
less than 4% of the applied chlorothalonil, triadimefon,
cypermethrin, and alpha-cypermethrin leached from
the container trays. Propiconazole was an exception;
almost 30% of applied amounts leached from Plantek
containers in 1997.

The different water solubility of propiconazole and
chlorothalonil, 100 and 0.9 mg/l (Tomlin 1997),
respectively, could be a reason for the differences in
amounts leached. Bruhn and Fry (1982) have shown
that rainfall removed cholorothalonil from leaves of
potatoes; the sooner after application the rainfall
occurred, the greater was the removal. Because of the
higher water solubility of propiconazole, removal of
propiconazole from needles could have been even
greater than that of chlorothalonil.

When pesticides passed through the seedling canopy
and peat medium, the concentrations of pesticide
were thoroughly diluted. The concentrations in
application solutions were from 300 to 2500 mg/l,
but the mean weekly concentrations in leachates
were usually less than 100 µg/l. The fluctuation was

Figure 6. Total nitrogen concentration in soil waters
beneath birch areas in 1997.
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typical for the concentrations; concentrations were
usually highest after application and decreased before
a new application. Repeated applications did not
increase pesticide concentrations in the leachates.
During 1997 to 1998, chlorothalonil was analyzed
from 18 soil water samples. The chlorothalonil
concentration of 4 samples exceeded the limit of
detection, 0.1µg/l in 1998. The highest measured
value was 2.4 µg/l.

In addition to processes on needles and shoots, the
processes in peat medium are obvious causes of the
small amounts of pesticides leached. Because
triadimenol, the degradation product of triadimefon,
was the only degradation product measured, it is
impossible to know whether the reason for the small
amount of leaching was adsorption of pesticides to
peat and/or pesticide degradation to their metabolites.

SUMMARY

Regardless of the small production area used for
producing container tree seedlings compared to the
area used for agriculture, forest nurseries may also be
a risk for contamination of ground water, especially
if the area used for seedling production is located on
a ground water reservoir. In addition, 2 aspects
connected with production of tree seedlings in
containers may increase the risk: the same type of
production continuing at the same place for years and
most of the annual nutrient leaching occurring during
1 or 2 months. If a nursery locates near surface water
bodies, P and pesticides toxic to aquatic animals in
runoff water could also be a risk.

It is important to determine the amount of nutrients
that fall outside seedlings during fertigations of
container seedlings. If the fertigation area without
seedlings is large compared to the area covered by
seedling containers, it is important to try to minimize
this area. Some solutions could be the use of mobile
boom sprayers instead of sprinklers, and improving
the lay-out of irrigation systems and/or container trays.

The use of slow-release fertilizer could be one
solution. However, this option includes uncertainties.
Obviously, to get the desired growth of seedlings,
large amounts of fertilizers have to be used in
Finnish growing conditions. The risk for leaching of
nutrients is high at the beginning of the growing
period when the nutrient content of the growing
medium is high and the uptake by seedlings is low.
Indeed, the slow-release fertilizers include a large
group of products with different properties, which
means that the results concerning a product might not
be valid for other products.

The seedling canopy and the peat medium in
containers effectively adsorbed the pesticides studied
when seedlings were grown in containers. The
container type and the active ingredient, however,
influenced the amounts of active ingredient leached
through containers. More studies with different
pesticides used on different seedlings and growing
media are needed before it will be possible to say
with certainty that the container production of forest
seedlings has decreased the contamination risk of
environment caused by pesticides.

In Finland, about half of the herbicides were used in
areas without seedlings. Weed control in all adjacent
areas is important because they serve as a source of
weeds both in outdoor areas and in containers
(Juntunen 2000). However, outdoor areas and edges
are places where the risk of herbicide leaching may
be high, possibly due to the low organic matter
content of the soil. Although the nurseries already
use textiles to cover the empty spaces between
containers, solutions other than chemical control for
preventing the growth of weeds on sites without
seedlings would be most welcome.
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