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Introduction

Approximately 150 million forest seedlings are
delivered for planting annually in Finland. About 90
% of the forest seedlings are produced by seven nurs-
ery companies that own a total of 24 nurseries. The
remaining 10 % of the produced seedlings are grown
in small, family-owned forest nurseries, comprising a
total of 60 to 70 nurseries. Nowadays, about 90 % of
the production is container seedlings, although bare-
root seedlings are also still produced (Poteri 2003).

If seedlings are affected by plant diseases or
pests, or they do not meet the size and shape require-
ments, then they should be culled off before selling
(Rikala 2000). Thus forest nursery biowaste includes
e.g. culled coniferous and deciduous tree seedlings and
their growth media (Sphagnum peat), weeds, grass
clippings and fallen leaves. The annual amount of bi-
owaste produced in Finnish forest nurseries varies, but
the average amount per forest nursery is about 50 m3
(Veijalainen et al. 1999).

According to a questionnaire (Juntunen and Ri-
kala 2001), forest nurseries find the handling of biow-
aste problematic (unpublished data). The Finnish
Waste Act (1072/1993) does not allow the heaping up
or burning of biowaste in an uncontrolled fashion in
the forest nursery fields. Disposal of biowaste by land-
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filling is not a solution, because the number of land-
fills is decreasing and the regulations governing the
use of landfills have been tightened (European Com-
munities 1999). Moreover, from the environmental point
of view, it is not a good policy to transport biodegrad-
able material from one site to another. Owing to the
increasing political and economical pressures on min-
imising the generation of waste, there is a need to
study composting as one solution to recycle the or-
ganic, rejected material produced in forest nurseries
to a reusable material.

Composting is one of the oldest solid waste treat-
ment methods, and the principles of the composting
process are well known (Gray et al. 1971a, Poincelot
1974, Crawford 1983, Haug 1993). The composition of
the waste material affects the composting process, and
optimization of the process parameters has to be spe-
cific to the type of waste material to be treated in or-
der to get the temperature rise high enough to kill
weeds seeds and plant pathogens (Haug 1993, Grun-
dy et al. 1998). As the composting of organic waste
produced by forest nurseries has been a relatively
neglected subject, it is necessary to investigate it in
more detail.

Since the Finnish forest nurseries are of small size
and have limited resources to carry out composting,
the composting method should be cheap and easy to
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implement technically without negative environmental
impacts. Composting can also represent a local risk of
environmental contamination by nutrients, pesticides
and other harmful substances because some of the
forest nurseries are located on groundwater aquifers
and/or near lakes and rivers (Jaakkonen and Sorvari
2006). Concern about the eutrophication of watercours-
es or surface waters and the quality of groundwater
is worldwide. As a result, the leaching of nitrogen and
phosphorus from manure compost has been studied
in many countries (Martins and Dewes 1992, Ulén
1993, Parkinson et al. 2004). However, there is no in-
formation available about forest nursery waste com-
posting and nutrient leaching.

The aim of our study was to clarify the compost-
ing of the forest nursery waste. The main objective
was to ensure the thermophilic composting process
and show the possible nutrient leaching during com-
posting. Small-scale composting experiments, report-
ed here, were done in addition to large-scale windrow
composting (Veijalainen et al. 2007) in order to pro-
duce the best management practices for the handling
of forest nursery waste on-site in the forest nurser-
ies. In the first summer, forest nursery waste was com-
posted in bins with and without cutter chip bedded
horse manure in order to find out is additive material,
such as horse manure, needed to get the thermophilic
composting process going on. During the second
summer, the study focused on the question of wheth-
er it is possible to replace manure with urea or meth-
ylene urea fertilizer, both of which are easier to han-
dle than horse manure.

Materials and methods

Preparation of the composts
The experiment was carried out in two parts dur-

ing the summers of 1999 and 2000. In both years, the
compost material consisted of typical forest nursery
waste, such as tree seedlings birch (Betula pendula
Roth), Norway spruce (Picea abies (L.) Karst.), Scots
pine (Pinus sylvestris L.) and their growing media (low-
humified Sphagnum peat), weeds and grass clippings.
In the first summer (1999) the forest nursery waste was
composted unchopped without additive material in W1
bins (n=4), and chopped with cutter chip bedded horse
manure (one-third of total volume) in HM1 bins (n=4).
Horse manure was chosen as an additive material,
because it is drier, and thus, manageable when com-
pared to manure from cattle and pigs. During the sec-
ond summer (2000), forest nursery waste composted
with 420 g of urea (Kemira Corp., Finland) in U2 bins
(n=4), with 450 g of slow-release methylene urea
(Kemira Corp., Finland) in MU2 bins (n=4) and

chopped without additive material in the W2 bins
(n=4).

Composting was performed in wooden, heat-insu-
lated 300 litre bins (60 cm high, 70 cm deep and 70 cm
wide). The sidewalls of each bin were insulated with
6 cm thick styrox sheets. The bottom of the bins were
raised above the ground and consisted of galvanized
netting to keep the composts well aerated. The bins
were placed uncovered in two rows on an open field.
All the treatments had four replicates and the location
of the treatments was randomized. In both years, the
waste material was piled in the bins after the middle
of June, and water was added to the bins to give a
water content of 50 � 70 mass-% (Gray et al. 1971b).
In order to raise the temperature of the W1 composts,
weed residues were added to the bins and the con-
tent of the bins was turned over after four weeks of
composting. The composting process (temperature,
volume reduction, pH, water and the organic matter
content and nutrient concentrations), water percola-
tion and nutrient leaching were monitored during the
12 weeks� composting period.

Physical and chemical analyses
The temperature in the compost material in the

central part of the composts was measured three times
a week for the first month, and after that once a week.
Volume reduction of the composting material was mon-
itored weekly by measuring the height of the piles.
Five subsamples (200 g composite sample) were col-
lected weekly from each compost. The samples were
pre-treated (ISO 11464 1994) and the pH was measured
on a pH meter (model 3020, Jenway, England) at a ra-
tio of 5:1 distilled water to material (vol/vol) (ISO 10390
1994). The water content was determined by gravimet-
ric analysis (ISO 11465 1993). Organic matter (OM) was
determined by loss of mass on ignition of oven-dried
samples at 550 °C to constant mass. Carbon (C) and
nitrogen (N) concentrations in the compost materials
were determined on a LECO CHN-600 analyzer (Leco
Co, St Joseph USA). The phosphorus (P) and potas-
sium (K) concentrations were determined, following dry
digestion (550 oC, extraction of the ash with 2 M HCl)
(Halonen et al. 1983), by inductively coupled plasma
atomic emission spectrophotometry (ICP/AES, ARL
3800). The C, N, P and K concentrations were deter-
mined at the beginning and end of the composting
period.

Water percolation and nutrient leaching
The percolation water was collected weekly in

1999 and every second or third week in 2000 (depend-
ing on the amount of rainfall). The collection vessels
located under each bin were smaller than the bottom
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of bins in order to avoid the collection of the water
flowing directly down the inner walls of the bins (not
percolated through the composting material). The
volume of the percolation water was measured after
each collection period. The samples were stored fro-
zen and filtered through Schleicher & Schuell 589/2
filter paper before the nutrient analysis. Total soluble
N, ammonium (NH4-N) and nitrate + nitrite (NO3-N +
NO2-N) concentrations were analysed by FIA (flow
injection analysis) (Tecator 5012, Foss, Sweden and
QuikChem 8000, Lachat Instruments, USA). Total P was
analysed by inductively coupled plasma atomic emis-
sion spectrophotometry (ICP/AES, ARL 3580, Switzer-
land). The amount of leached N and P (g m-2) was
calculated by multiplying the nutrient concentration
(g L-1) by the volume of the percolation water (L m-2).

Statistics
The differences in N, P and K concentrations, the

OM content, pH (tested as [H+]), C/N and C/P ratio
between the initial composting materials were tested
with one-way analysis of variance (SPSS 14.0 for Win-
dows). One-way ANOVA was also used to test the
difference in the total volume reduction between com-
posts at the end of the 12 weeks� composting period.
For each variable, the homogeneity of variances among
composts was tested with Levene�s test. In order to
equalize variances, values of the OM contents were
transformed to square root values, C/N ratios to
squared values and P concentrations to reciprocal
values before analysis. Means were compared for sig-
nificant differences at p<0.05 by Tukey�s test. The
change in N, P and K concentrations, OM content, C/
N and C/P ratio within each compost type during the
12 weeks� composting was tested by paired-samples
t-test. Multivariate analysis of variance was used to
test the differences in time course of temperature be-
tween composts, using temperature as a repeated fac-
tor. Independent-samples t-test was used to test the
differences between weekly mean air temperatures in
1999 and 2000.

Weather conditions
Ambient air temperature and precipitation were

recorded at a meteorological station located about 500
m from the composting site. Weekly mean air temper-
ature did not vary considerably between the test years
during the 12 weeks� composting. The temperature was
different between years only in 4th, 9th and 12th week
(p<0.05) (Table 1). Thus we assume that ambient air
temperature had no effect on the heating process in-
side the compost bins. Weekly mean precipitation
varied between the years during the 12 weeks� com-
posting (Table 1).

Results

Composting process
The difference in time course of temperature was

significant between composts (p<0.001). In the HM1
composts, composting reached the thermophilic phase
(>40 °C) rapidly in two days, with temperatures of as
high as 67±1 °C for two days, followed by tempera-
tures above 40 °C for 1.5 weeks (Figure 1). The tem-
perature was over 40 °C (maximum 42 °C) for three days
in the U2 composts (Figure 1). However, the tempera-
ture did not rise above 40 °C in W1, W2 and MU2
composts, although nitrogen-rich weeds were added
and the material was turned over in W1 composts af-
ter four weeks� composting.

The volume of the composting material decreased
rapidly during the first week (Figure 2a). During the
whole composting period, the greatest loss occurred
in the HM1 composts (31±2 %) due to the most inten-

* Mean weekly temperatures are signif-
icantly different (p<0.05) between
years. Independent-samples t-test.

Table 1. Weekly
mean air tempera-
tures (°C) and pre-
cipitation (mm) at
experimental site in
1999 and 2000 dur-
ing the 12 weeks�
composting

Temperature, 

°C 

Precipitation, 

mm  Week 

1999 2000 1999 2000 

  1
st
 21 19 7.0 0.2 

  2
nd

 19 20 31.8 67.2 

  3rd 17 16 12.2 12.9 

  4
th

 21 * 17 * 26.3 4.6 

  5
th

 18 18 31.4 57.3 

  6th 14 15 2.8 6.0 

  7
th

 15 15 3.1 40.1 

  8
th

 13 13 2.6 22.3 

  9
th

 12 * 14 * 5.4 15.3 

10
th

 13 13 14.0 11.9 

11
th

 15 14 1.0 8.4 

12
th

 13 * 8 * 8.4 8.2 
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Figure 1. Time course of temperature (°C) inside the com-
posts during the 12 weeks� composting. Bars indicate stand-
ard deviations
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sive decomposition (p<0.05). The loss was the small-
est in the W1 composts (18±1 %), where forest nurs-
ery waste was not chopped. Chopping of the waste
material increased the volume reduction, which can be
seen in comparison between W1 and W2 composts
(p<0.05) (Figure 2a).

in W1 and W2 compost. The initial C/P ratio was = 250
in all other compost, except W1, and thus favourable
for microbial growth (Table 2). C/P ratio did not change
significantly in any compost during the 12 weeks� com-
posting (Table 2). The initial N concentration was higher
in HM1 and W1 composts than in W2, U2 and MU2
composts (Figure 3a). N concentration did not change
significantly in any other compost than in MU2 during4.0
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Figure 2. Volume reduction (% of initial) (a) and pH (b) of
the composting materials during the 12 weeks� composting.
Bars indicate standard deviations. Different letters (a, b, c)
denote significant differences (p<0.05) in the final volume
reduction (Figure 2a) and in the initial pH (Figure 2b) be-
tween composts. ANOVA and Tukey�s test. For compost
codes, see Figure 1

The addition of horse manure increased the pH
of the initial composting material (p<0.05) (Figure 2b).
The pH remained neutral (6.8 � 7.2) in HM1 composts
during the 12 weeks� composting. The composting
materials in all the other composts remained acidic (4.5
� 6.3) during the 12 weeks� composting (Figure 2b).
The mean water content was 50 � 68 mass-% in all bins
during the 12 weeks� composting. The OM content was
initially higher in HM1 and W1 composts than in W2,
U2 and MU2 composts (p<0.05) (Table 2). The OM
content decreased in all composts during the 12 weeks�
composting, although the decrease was not significant
in any compost (Table 2).

At the beginning of the process, the C/N ratio was
below 40:1 in all other composts, except W1 (Table 2).
The decrease in the C/N ratio was relatively small dur-
ing 12 weeks� composting, although it was significant

OM content, %  C/N ratio  C/P ratio  
Compost 

code before after before after before after 

HM1 62 ± 3 (a) 54 ± 5 34 ± 3 (b) 28 ± 5 210 ± 30 (b) 225 ± 30 

W1 72 ± 14 (a) 59 ± 7 42 ± 3 (a) 36 ± 1 660 ± 20 (a) 450 ± 135 

W2 31 ± 1 (b) 25 ± 5 35 ± 1 (b) 30 ± 1 250 ± 30 (b) 280 ± 100 

U2 31 ± 1 (b) 26 ± 5 22 ± 1 (c)* 22 ± 1 250 ± 30 (b) 235 ± 50 

MU2 31 ± 1 (b) 29 ± 5 22 ± 1 (c)* 20 ± 4 250 ± 30 (b) 310 ± 50 
 

Table 2. Organic matter content (OM, % of DM), C/N ra-
tio and C/P ratio in composting materials: HM1 = horse ma-
nure and chopped forest nursery waste, W1 = no chopped
forest nursery waste, W2 = chopped forest nursery waste,
U2 = urea and chopped forest nursery waste, MU2 = meth-
ylene urea and chopped forest nursery waste before and after
12 weeks� composting. Mean of four replicates ± standard
deviation

* Theoretical value calculated on the basis of the amount of
added nitrogen and original N concentration in the forest nurs-
ery waste (W2).
Data followed by different letters (a, b, c) denote significant
differences (p<0.05) between initial composting materials.
ANOVA and Tukey�s test.
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Figure 3. Total
nitrogen (N) (a),
phosphorus (P)
(b) and potassium
(K) (c) concentra-
tions (g kg-1 of dry
matter) before and
after 12 weeks�
composting. Bars
indicate standard
deviations. Differ-
ent letters (a, b, c)
inside columns de-
note significant
d i f f e r e n c e s
(p<0.05) in the in-
itial nutrient con-
centrations be-
tween composts.
ANOVA and Tuk-
ey�s test. For com-
post codes, see
Figure 1
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the 12 weeks� composting (Figure 3a). The addition of
horse manure increased significantly the initial P and
K concentration of the composting material (Figure 3b).
The initial and final P concentration was higher in the
HM1 composts than that in all the other composts
(p<0.05) (Figure 3b). The K concentration decreased sig-
nificantly only in HM1 composts during the 12 weeks�
composting (Figure 3c).

Water percolation and nutrient leaching
Water percolation was generally small. The amount

of percolation water was 16 � 76 L m -2 from all com-
posts during 12 weeks� composting, being 11 � 38 %
of the precipitation during the experiments (Figure 5a).
A decrease in the ammonium concentration, together
with an increase in the nitrate concentration, was de-
tected in the percolation water during the compost-
ing (Figures 4a & b). In the HM1 composts, the con-
centration of ammonium in the percolation water was
highest (190 mg L-1) during the thermophilic phase of
the composting process (Figure 4a). As composting
proceeded, the ammonium concentration decreased as
a result of nitrification in HM1 composts. In U2 bins,
the ammonium concentration was high (270-390 mg L-1)
in the percolation water during the whole 12 weeks�

composting period (Figure 4a). However, nitrate oc-
curred at the later stages of the process as a result of
nitrification also in the U2 composts (Figure 4b). In
the MU2 composts, ammonium concentration increased
later than in the U2 composts, being the highest (360
mg L-1) after 4 weeks� composting. The increase in
nitrate concentration also occurred in the MU00 com-
posts (Figure 4b). The concentrations of ammonium
and nitrate were low in the percolation water of W1
and W2 composts where pure forest nursery waste was
composted (Figures 4a & b).

Irrespective of the form in which the nitrogen was
added, all the additive materials (horse manure, urea
and methylene urea) increased the amount of leached
N (Figure 5b). The total amount of leached N was the
highest (54 g m-2) in the U2 composts, being slightly
higher than in the MU2 and HM1 composts (34 g m -2
and 27 g m-2, respectively). The total amount of leached
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Figure 4. Ammonium (NH4-N) (a) and nitrate + nitrite
(NO3-N + NO2-N) (b) concentrations (mg L-1) in percola-
tion water during 12 weeks� composting. Bars indicate stand-
ard deviations. For compost codes, see Figure 1

Figure 5. Total amount of percolation water (L m-2) and the
amount of water (%) of the precipitation (a), leached nitro-
gen (N, g m-2) (b) and phosphorus (P, g m-2) during the 12
weeks� composting. Bars indicate standard deviations. For
compost codes, see Figure 1
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N was low in the W1 and W2 composts (less than 2 g
m-2) where forest nursery waste was piled without
additive material. The half of the leached N was in the
form of NH4-N in the U2 and W1 composts (Figure 5b).
A total of 74 and 85 % of the leached N was organic
in the HM1 and W2 composts, respectively. The pro-
portion of NO3-N was highest (65 %) in the MU2 com-
posts. The highest initial P concentration of the ma-
terial in the HM1 composts (Figure 3b) also resulted
in the highest total amount of leached P (11 g m-2)
(Figure 5c).

Discussion and conclusions

The thermophilic phase was reached only in com-
posts with forest nursery waste and horse manure
(HM1). The generation of sufficient heat in the com-
posts is essential for the eradication of plant patho-
gens and weed seeds commonly found in many types
of composts (Hoitink et al. 1976, Yuen and Raabe 1984,
Eghball and Lesoing 2000). In our HM1 composts, as
well as in other experiments (Paré et al. 1998, Eiland
et al. 2001, Veijalainen et al. 2007), manure acted as
the source of nutrients (N, P and K) that enable ef-
fective growth of the microbes responsible for OM
decomposition and consequent rise in temperature. In
addition, manure acted as a source of easily available
C compounds and an inoculum of microbes that made
the process more effective (Rynk 1992, Carisse et al.
2003, Raviv 2005).

According to Golouke (1991), the initial C/N ra-
tios were theoretically suitable (25-40:1) for microbial
activity in all the composts, except W1 composts.
Despite this, the composting process in our study did
not reach the thermophilic stage in most of the com-
posts. The failure of the thermophilic process was
probably the combination of several factors, such as
lack of nutrients and easily available C, the low initial
OM content and low pH (Haug 1993). Neither urea nor
methylene urea contained any P or K, which are also
important nutrients for multiplying microbes (Gray et
al. 1971b). In this respect, ammonium phosphate had
probably been a better admixture than urea or methyl-
ene urea because it contains both N and P (Haug 1993).

The decomposition of waste material begins with
the metabolism of easily available C compounds in the
presence of nutrients, leading to the initial heat pro-
duction and thermophilic phase (Gray et al. 1971a,
Haug 1993). In all other composts, except HM1, organic
material was pure forest nursery waste, e.g. tree seed-
lings, in which the carbon is mainly in the form of
cellulose, hemicellulose and lignin (Kaakinen et al.
2004). Cellulose is relative resistant to biodegradation
especially when it is associated with hemicellulose and

lignin as lignocellulose, and thus it requires a relatively
long composting time (Eriksson et al. 1990, Haug
1993). Thus the decrease in the C/N ratio in all the
composting materials was relatively small during the
12 weeks� composting. Same phenomenon was noticed
by Benito et al. (2003) in the composting of pruning
wastes.

The low initial OM content (31 %) and conse-
quently low C content in the waste material compost-
ed in 2000 was also responsible for the failure of the
thermophilic composting process in these composts.
On the other hand the thermophilic temperature was
not reached in the large-scale forest nursery waste
windrows with urea addition, although the OM con-
tent was 47 % at the beginning of the composting
(Veijalainen et al. 2007). In our study, the low initial
OM content was caused by the high amount of inor-
ganic material e.g. sand in the forest nursery waste.
The sand was stuck on the birch seedlings, which were
kept in the sand bed during the winter. Also the roots
of the weeds and bare-root seedlings, which were re-
moved from sandy fields, brought inorganic material
to the process. According to our study, the quality of
the forest nursery waste material is heterogeneous,
which makes the composting of forest nursery waste
more complicated than expected.

The greatest loss in the volume of composting
material occurred in the HM1 composts as a result of
the intensive microbial decomposition (Inbar et al.
1993). The particle size reduction had probably posi-
tive effect on the composting process in HM1 com-
posts by increasing the surface area of waste material
(Crawford 1983, Haug 1993). However, composting
material was only loosely compressed in the bins at
the beginning of our experiment, and thus the volume
reduction may be partly due to the increasing density
of the material, i.e. mechanical compaction, as report-
ed by Churchill et al. (1995).

Bacterial decomposers prefer a pH range of 6.0-
7.5 and fungal decomposers 5.5-8.0 (Golouke 1991).
Moreover, the thermophilic phase of composting is
dominated by bacteria, which are generally not acid
tolerant (Atlas and Bartha 1998). In our study, only
horse manure neutralized the acidity in the composts
and made forest nursery waste more suitable for mi-
crobial decomposition in the HM1 composts, as was
also noticed in the windrow composting of forest
nursery waste (Veijalainen et al. 2007). The compost-
ing materials in all the other bins remained too acidic
probably mostly because of the high proportion of
Sphagnum peat, which is acidic due to the presence
of weak organic acids, particularly fulvic acids (Pu-
ustjärvi 1991). Thus pH adjustment e.g. with lime would
be desirable if the material is both acidic and has a
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low N content, e.g. forest nursery waste (Haug 1993).
The water content was within the optimum range (50
� 70 %) in all composting material during the 12 weeks�
composting (Gray et al. 1971b).

The changes in the nitrogen forms of the perco-
lation water indicate the stage of the composting proc-
ess (Martins and Dewes 1992, Parkinson et al. 2004).
At the beginning of the composting the increase in
the NH4-N concentration, due to the ammonification
reactions resulting from the microbial activity, was clear
in the percolation water of HM1 composts. However,
high NH4-N concentration in the percolation water of
U2 composts was probably due to the hydrolysis of
the urea into NH4-N. In the MU2 composts, NH4-Nconcentration increased later than in the U2 composts,
presumably due to the slower dissolution and hydrol-
ysis of this form of urea. Despite this, the nitrogen
from these sources was available more quickly than
the carbon in the forest nursery waste, and thus the
nitrogen compounds occurred in the percolation wa-
ter of these composts (Rynk 1992). Gaseous losses of
ammonia have hardly occurred in this study, because
the volatilization of NH4-N is not liable at acid or near
neutral pH (Golouke 1991). As the composting pro-
ceeded, nitrification, i.e. the conversion of NH4-N into
NO3-N was detected, when the temperature of the
compost was below 40°C and the conditions aerobic,
as has also been observed by Sánchez-Monedero et
al. (2001) and Parkinson et al. (2004). The low con-
centrations of NH4-N and NO3-N in the W1 and W2
composts indicate that there is a lack of available ni-
trogen for effective microbial activity in the pure for-
est nursery waste.

The total amounts of the leached nutrients were
ten times higher from the small units used in this study
than from the large-scale windrows reported by Vei-
jalainen et al. (2007). Thus there is no reason to make
broader conclusions about the leaching results from
this study as a direct measure of environmental con-
tamination. According to our studies, caution should
be used when the results of small-scale composting
experiments are generalized to the prevalent usage.
However, the comparison between the chemical com-
positions of the percolation water from the different
composts is valid in this study. In this respect, the
additional nutrient and microbial sources needed for
effective composting might pose a risk to the environ-
ment if the compost is placed at the same site for a
long time and water percolation is not prevented or
the percolation water is not collected.

In conclusions, the waste material produced in
forest nurseries is not ideal for composting. The qual-
ity of waste material is variable and the amount of
mineral material may be unexpectedly large. Accord-

ing to our results, nutrient amendment seems to be nec-
essary for reaching the thermophilic temperatures dur-
ing composting of forest nursery waste. Horse manure
was advantageous as a source of nutrients and neu-
tralizing compounds that enable effective growth of
the microbes responsible for OM decomposition and
consequent rise in temperature. Urea and methylene
urea did not promote the rise in temperature in an
expected manner. Artificial fertilizers bring nitrogen to
the process but they lack the other beneficial features
typical of organic additives, e.g. horse manure. The
composting process should be long-term than the
monitoring period used in this study to enable the
decomposition of slowly degradable woody tree seed-
lings. Chopping raw material and turning could be the
ways to accelerate the process and to guarantee a
uniform quality of the compost product. All additive
materials increased the nitrogen leaching, and horse
manure also increased the phosphorus leaching.

Acknowledgements

We would like to thank the staff of the Suonen-
joki Research Unit and Nursery for their help, and
FFRI�s central laboratory for the chemical analyses.
Special thanks to K. Heikkinen, M.Sc., Mr. E.
Mölkänen and Mr. J. Laitinen for technical assistance.
We also thank Dr. H. Heinonen-Tanski from the Uni-
versity of Kuopio, Dr. J. Heiskanen and R. Heinonen,
M.Sc. from FFRI and Dr. M. Niemi from Finnish En-
vironment Institute for comments on the manuscript.
We also thank J. Derome who revised the English.
Financial support from the Foundation for Research
of Natural Resources in Finland, Metsämiesten Säätiö
Foundation and the Finnish Cultural Foundation is
gratefully acknowledged.

References

Atlas, R.M. and Bartha, R. 1998. Microbial ecology, funda-
mentals and applications, Chapter 8. Addison Wesley
Longman, Inc., Menlo Park, California. p. 281-331.

Benito, M., Masaguer, A., Moliner, A., Arrigo, N. and
Palma, R.M. 2003. Chemical and microbiological param-
eters for the characterisation of the stability and maturi-
ty of pruning waste compost. Biology and Fertility of
Soils, 37:184-189.

Carisse, O., Bernier, J. and Benhamou, N.  2003. Selec-
tion of biological agents from composts for control of
damping-off of cucumber caused by Pythium ultimum. Ca-
nadian Journal of Plant Pathology, 25: 258-267.

Churchill, D.B., Bilsland, D.M. and Elliot, L.F. 1995.
Method for composting grass seed straw residue. Applied
Engineering in Agriculture, 11(2): 275-279.

Crawford, J.H. 1983. Composting of agricultural wastes � A
review. Process Biochemistry, January/February: 14-18.

80

A.-M. VEIJALAINEN ET AL.

BALTIC FORESTRY

COMPOSTING OF FOREST NURSERY WASTE AND NUTRIENT LEACHING



ISSN 1392-1355

81

2007, Vol. 13, No. 1 (24)

Eghball, B. and Lesoing, G.W. 2000. Viability of weed seeds
following manure windrow composting. Compost Science
& Utilization, 8(1): 46-53.

Eiland, F., Leth, M., Klamer, M., Lind, A.-M., Jensen,
H.E.K. and Iversen, J.J.L. 2001. C and N turnover and
lignocellulose degradation during composting of Miscant-
hus straw and liquid pig manure. Compost Science & Uti-
lization, 9(3): 186-196.

Eriksson, K.-E.L., Blanchette, R.A. and Ander, P. 1990.
Microbial and entzymatic degradation of wood and wood
components. Springer-Verlag, Berlin. 407 p.

European Communities. 1999. Council Directive 1999/31/EC
on the landfill of waste. Official Journal of European
Communities L182, p. 1-19.

Golouke, C.G. 1991. Principles of composting � Understand-
ing the process. In: The Staff of Biocycle Journal of Waste
Recycling (Editor). The art and science of composting.
The JG Press, Inc., Pennsylvania. p. 14-27.

Gray, K.R., Sherman, K. and Biddlestone, A.J. 1971a. A re-
view of composting - part 1. Process Biochemistry, June:
32-36.

Gray, K.R., Sherman, K. and Biddlestone, A. J. 1971b. A
review of composting part 2 - The practical process.
Process Biochemistry, October: 22-28.

Grundy, A.C., Green, J.M. and Lennartsson, M. 1998. The
effect of temperature on the viability of weed seeds in
compost. Compost Science & Utilization, 6: 26-33.

Halonen, O., Tulkki, H. and Derome, J. 1983. Nutrient
analysis methods. Metsäntutkimuslaitoksen tiedonantoja
121. 28 p. (In Finnish)

Haug, R.T. 1993. The practical handbook of compost engi-
neering. Lewis Publishers, Boca Raton. 717 p.

Hoitink, H.A.J., Herr, L.J. and Schmitthenner, A.F. 1976.
Survival of some plant pathogens during composting of
hardwood tree bark. Phytopathology, 66: 1369-1372.

Inbar, Y., Hadar, Y. and Chen, Y. 1993. Recycling of cattle
manure: The composting process and characterization of
maturity. Journal of Environmental Quality, 22: 857-863.

ISO 11465. 1993. Soil quality - Determination of dry matter
and water content on a mass basis - Gravimetric method.
International Organization for Standardization, 3 p.

ISO 11464. 1994. Soil quality - Pretreatment of samples for
physico-chemical analyses. International Organization for
Standardization, 9 p.

ISO 10390. 1994. Soil quality - Determination of pH. Inter-
national Organization for Standardization, 5 p.

Jaakkonen, S. and Sorvari, J. 2006. Metsätaimitarhoilla
käytettyjen torjunta-aineiden ympäristövaikutukset ja
riskinarviointi [Environmental effects and risk assessment
of pesticide use in forest tree nurseries]. Suomen ym-
päristö 819. Edita Prima Ltd., Helsinki, 138 p. (In Finn-
ish).

Juntunen, M.-L. and Rikala, R. 2001. Fertilization prac-
tice in Finnish forest nurseries from the standpoint of
environmental impact. New Forests, 21: 141-158.

Kaakinen, S., Jolkkonen, A., Iivonen, S. and Vapaavuori,
E. 2004. Growth, allocation and tissue chemistry of Pi-

cea abies seedlings affected by nutrient supply during the
second growing season. Tree Physiology, 24: 707-719.

Martins, O. and Dewes, T. 1992. Loss of nitrogenous com-
pounds during composting of animal wastes. Bioresource
Technology, 42: 103-111.

Paré, T., Dinel, H., Schnitzer, M. and Dumontet, S. 1998.
Transformations of carbon and nitrogen during compost-
ing of animal manure and shredded paper. Biology and
Fertility of Soils, 26: 173-178.

Parkinson, R., Gibbs, P., Burchett, S. and Misselbrook,
T. 2004. Effect of turning regime and seasonal weather
conditions on nitrogen and phosphorus losses during aer-
obic composting of cattle manure. Bioresource Technol-
ogy, 91: 171-178.

Poincelot, R. 1974. A scientific examination of the princi-
ples and practice of composting. Compost Science, 15:
24-31.

Poteri, M. 2003. Forest nurseries in Finland. In: Riley, L.E.,
Dumroese, R.K., Landis, T.D. (eds.), National Proceed-
ings: Forest and Conservation Nursery Associations �
2002. Ogden, UT: USDA Forest Service, Rocky Moun-
tain Research Station. Proceedings RMRS-P-28, p. 59-63.

Puustjärvi, V. 1991. Kasvu ja kasvun hallinta kasvihuonev-
iljelyssä [Growth and growth control in greenhouse culti-
vation]. Kauppapuutarhaliitto ry. Mestari-Offset Oy, Van-
taa, 287 p. (In Finnish).

Raviv, M. 2005. Production of high-quality composts for hor-
ticultural purposes: a mini-review. HortTechnology, 15:
52-57.

Rikala, R. 2000. Production and quality requirements of for-
est tree seedlings in Finland. Tree Planters� Notes, 49(3):
56-60.

Rynk, R. (ed.). 1992. On-farm composting handbook. North-
east Regional Agricultural Engineering Service -54, Co-
operative Extension, Ithaca, NY. 186 p.

Sánchez-Monedero, M.A., Roig, A., Parades, C. and Ber-
nal, M.P. 2001. Nitrogen transformation during organic
waste composting by the Rutgers system and its effects
on pH, EC and maturity of the composting mixtures. Bi-
oresource Technology, 78: 301-308.

Ulén, B. 1993. Losses of nutrients through leaching and sur-
face runoff from manure-containing composts. Biologi-
cal Agriculture and Horticulture, 10: 29-37.

Veijalainen, A.-M., Juntunen, M.-L., Vänttinen, K. and
Heinonen-Tanski, H. 1999. Metsätaimitarhojen jäte-
huolto - Ohjeita jätehuoltojärjestelyjen kehittämiseksi
[Waste management in forest nurseries � Guidelines to
improve the waste management systems]. Metsäntutkimus-
laitoksen tiedonantoja 738. 59 p. (In Finnish).

Veijalainen, A.-M., Juntunen, M.-L., Lilja, A., Heinon-
en-Tanski, H. and Tervo, L. 2007. Forest nursery waste
composting in windrows with or without horse manure or
urea � the composting process and nutrient leaching. Sil-
va Fennica, 41(1): (In press).

Waste act, No. 1072/1993. (Jätelaki 1072/1993). (In Finnish).
Yuen, G.Y. and Raabe, R.D. 1984. Effects of small-scale aer-

obic composting on survival of some fungal pathogens.
Plant Disease, 68: 134-136

Received 04 December 2006
Accepted 17 May 2007

A.-M. VEIJALAINEN ET AL.

BALTIC FORESTRY

COMPOSTING OF FOREST NURSERY WASTE AND NUTRIENT LEACHING



ISSN 1392-13552007, Vol. 13, No. 1 (24)

ÊÎÌÏÎÑÒÈÐÎÂÀÍÈÅ ÎÒÕÎÄÎÂ Â ËÅÑÍÛÕ ÏÈÒÎÌÍÈÊÀÕ È ÂÛÙÅËÀ×È-
ÂÀÍÈÅ ÓÄÎÁÐÅÍÈÉ
À.-Ì. Âåéÿëàéíåí, Ì. -Ë. Þíòóíåí, À. Ëèëüÿ è Ë. Òåðâî
Ðåçþìe

Ñâîéñòâà îòõîäîâ â ëåñíûõ ïèòîìíèêàõ, ñ òî÷êè çðåíèÿ èõ ðàçëîæåíèÿ, åù¸ îêîí÷àòåëüíî íå èçó÷åíû. Öåëüþ ýòîé
ðàáîòû ÿâëÿåòñÿ óñòàíîâèòü ñâîéñòâà îòõîäîâ ëåñíûõ ïèòîìíèêîâ äëÿ óñêîðåíèÿ òåðìîôèëüíîãî ïðîöåññà ðàçëîãàíèÿ
îòõîäîâ. Òàêæå èçó÷àëñÿ ïðîöåññ êîìïîñòèðîâàíèÿ è âûùåëà÷èâàíèå óäîáðåíèé. Îòõîäû ëåñíûõ ïèòîìíèêîâ, â
ñîñòàâå êîòîðûõ âõîäèëè ñåÿíöû è ñóáñòðàò èõ âûðàùèâàíèÿ (ñôàãíîâûé òîðô), ñîðíÿêè, ëèñòüÿ è òðàâà áûëè
êîìïîñòèðîâàíû â òå÷åíèå òð¸õ ìåñÿöåâ â ÿùèêàõ îáú¸ìîì 300 ëèòðîâ. Âî âðåìÿ ïåðâîãî âåãåòàöèîííîãî ïåðèîäà
îòõîäû ëåñíûõ ïèòîìíèêîâ êîìïîñòèðîâàëèñü ñ ëîøàäèéíûì íàâîçîì è áåç íåãî, à âî âðåìÿ âòîðîãî - ñ ìî÷åâèíîé èëè
ìåòèëåí-ìî÷åâèíîé è áåç âíåñåíèÿ óäîáðåíèé. Òåìïåðàòóðà, óìåíüøåíèå îáú¸ìà, êèñëîòíîñòü, êîëè÷åñòâî âîäû è
îðãàíè÷åñêèõ âåùåñòâ, êîíöåíòðàöèè óäîáðåíèé, ïðîñà÷èâàåìîñòü âîäû è âûùåëà÷èâàíèå óäîáðåíèé èçìåðÿëèñü âî
âðåìÿ êîìïîñòèðîâàíèÿ. Ëîøàäèéíûé íàâîç ÿâëÿëñÿ åäèíñòâåííûì âåùåñòâîì, ñïîñîáñòâóþùèì òåðìîôèëüíîìó
ïðîöåññó êîìïîñòèðîâàíèÿ. Âñå ïðèáàâêè ñïîñîáñòâóþò âûùåëà÷èâàíèþ àçîòà, à ëîøàäèéíûé íàâîç òàêæå óâåëè÷èë
âûùåëà÷èâàíèå ôîñôîðà. Ïîëó÷åííûå ðåçóëüòàòû ïîêàçûâàþò, ÷òî ïðèáàâêè, òàêèå êàê ëîøàäèéíûé íàâîç,
íåîáõîäèìû äëÿ óâåëè÷åíèÿ òåìïåðàòóðû âî âðåìÿ êîìïîñòèðîâàíèÿ îòõîäîâ ëåñíûõ ïèòîìíèêîâ. Îäíàêî, áîãàòûå
óäîáðåíèÿìè ïðèáàâêè ìîãóò ñîçäàâàòü óãðîçó îêðóæàþùåé ñðåäå.

Êëþ÷åâûå ñëîâà: êîìïîñòèðîâàíèå, îòõîäû ëåñíûõ ïèòîìíèêîâ, ëîøàäèéíûé íàâîç, âûùåëà÷èâàíèå óäîáðåíèé,
ìåòèëåí-ìî÷åâèíà, àçîò, îðãàíè÷åñêîå âåùåñòâî, ôîñôîð, êàëèé, òåðìîôèëüíûé ïðîöåññ, ìî÷åâèíîé.
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