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1. General introduction

1.1. Emission of NH3 and Scots
pine forest decline

The total emiss ion of NH 3 in the
Netherlands is approximately 220 x
106 kg y-1, which results in the
highest NH 3 emission per km -2 of
Europe (Asman, 1992). The major
sources of NH 3 emission are
livestock farming and agricultural
activities (Van der Hoek, 1994). A
large part (about 80%) of the total
NH3 emission is de posited in the
Dutch soil, due to the relatively high
deposition velocity of NH 3 (Heij &
Schneider, 1991) and the fact that
NH3 is emitted near the soil surface.
Three major types of NH 3 deposition
occur, as gaseous NH 3, in aqueous
form as NH4

+ and, as an aerosol in
submicron atmospheric water
droplets, forming a salt with other
pollutants. Atmospheric NH y

deposition  (NHy = NH3  + NH4

+)
contributes 2/3 to the total nitrogen
deposition and 45% to the total
acidic deposition (Heij & Schneider,
1991). The input of nitrogen in
terrestrial ecosystems influences N
cycling, and may result in changes in
biodiversity (Ellenberg, 1988) and in
soil chemistry: N saturation of the
soil (Aber et al., 1989), and after
microbial nitrification, the release of
H+ may lead to soil acidification
(Van Breemen et al., 1982).

The first reports relating NH 3

emission from agricultural practice
to damage of Dutch conifer forests

appeared in the early eighties (Van
Breemen et al., 1982; Janssen, 1982;
Roelofs et al., 1985). The total NH y

deposition on these forests was
higher than the average over the
country as a whole, 80 compared
with 47 kg N ha -1 y-1 (Houdijk &
Roelofs, 1991). In general, con ifer
forests in the Netherlands are planted
on sandy soils, which are poor in N,
and more sensitive to acidification
and excessive N deposition. Scots
pine (Pinus sylvestris L.) covers the
major surface (63%) of the Dutch
conifer forest; conifer forests cover
60% of the total afforested area
(Smits, 1992). Scots pine  is reported
to show extensive loss of  needles
and severe needle discolouration
since 1983, when the first evaluation
of the Dutch forest vitality was pu b-
lished. Roelofs et al. (1985) and Van
Dijk & Roelofs (1988) described
visual symptoms of toxicity
(yellowing of the needles), as well as
serious foliar nutrient im balances.
They suggested that these effects
might be caused by wet NH 4

+

deposition. However, recent ev i-
dence shows that the dry deposition
of gaseous NH 3 on the Dutch forests
is absorbed efficiently by the forest
canopy under most conditions
(Duyzer et al., 1992, 1994). This
absorption is estimated to be b e-
tween 20 and 44 kg N ha -1 y-1 (Van
Aalst & Erisman, 1991; Duyzer et
al., 1994). This deposition is higher
than the critical load of  N to conife r-
ous forests (10-20 kg N ha -1 y-1;
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Nilsson, 1987; Bobbink et al.,
1992), and thus may exert adverse
effects on trees. In controlled-
environment experiments, net CO 2

assimilation and shoot growth are
stimulated by gaseous NH 3 in con-
centrations up to 240 µg m-3 (Van
Hove et al., 1992; Van der Eerden &
Pérez-Soba, 1992). However, the
effect thresholds may be lower in the
field situation. Knowledge about the
mechanistic link between atmo s-
pheric NH 3 deposition and the r e-
sponse of the tree, which is strongly
dependent on its ability to detoxify
NH3, is limited.       

The aim of the present thesis is
to study the effect of atmospheric
NH3 on the physiology of Scots
pine. Special attention is paid to the
role of glutamine synthetase (GS) in
the needles, since this enzyme is
responsible for the assimilation of
NH3 in higher plants. The activity of
GS in the needles may be a major
factor in detoxification of NH 3. The
experiments are designed to test this
hypothesis and to extend our know l-
edge of the physiological responses
of Scots pine to atmospheric NH 3.
Data obtained under laboratory
conditions are compared with data
obtained in a field exper iment.

1.2. Outline of the thesis

The results presented in this thesis
are based on five long-term exper i-
ments in which Scots pine was e x-
posed to gaseous NH 3, and to com-
binations of gaseous NH 3 with SO 2,
with O3 and with elevated CO 2 con-

centration. In addition, a field e x-
periment was carried out under
conditions of a relatively high a t-
mospheric N deposition. In these
experiments foliar uptake and a s-
similation of gaseous NH 3 were
measured as well as changes in
growth and biomass partitioning
between shoots and roots, all in
saplings exposed to gaseous NH 3

alone, or to combinations of NH 3

and other gases.
Foliar NH 3 uptake versus

uptake of NH 4
+ by the roots, is the

topic in chapter 2; saplings of Scots
pine are exposed to gaseous NH 3 and
fertilized via the soil with 15N-
labelled (NH 4)2SO4. Exposure to
gaseous NH 3 markedly increased
shoot biomass and the total N
concentration in the needles,
showing the importance of foliar
NH3 uptake for the physiology of the
tree. In chapter 3, foliar assimilation
of gaseous NH 3 is studied in more
detail. Changes in GS activity in the
needles are followed as well as
changes in the concentration of N-
containing metabolites: soluble
proteins, free amino acids and leaf
pigments. Changes in the activity of
glutamate dehydrogenase (GDH) and
the concentrations of glucose and
starch are also studied in order to
estimate a possible decrease in foliar
carbohydrate content, due to NH 3

assimilation.
The effect of gaseous NH 3 in

combination with other gaseous
pollutants and with elevated CO 2 on
N metabolism is reported in the
following chapters. Chapter 4 deals
with the effect of exposure of the
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tree to the combination of NH 3 with
SO2. A mixture of both gases stim u-
lates the mutual deposition in the
conifer needles, and thus influences
the assimilation of NH 3 by the nee-
dles. The interaction between NH 3

and a CO2 concentration up to twice
the present ambient concentration is
examined in chapter 5. Ammonia
counteracts the increase in shoot
biomass caused by elevated CO 2. In
chapter 6 another experiment is
reported in which root development,
mycorrhizal infection and gas e x-
change are also analyzed in order to
adequately explain the opposing
effects of exposure to gaseous NH 3

and elevated CO 2 (chapter 5). In the
same experiment the combination of
NH3 with O3 is studied as well.

A field experiment is carried
out to test whether the results on
saplings under laboratory conditions,
are similar for mature trees grown
under field conditions with a rel a-
tively high atmospheric N deposition
(chapter 7). The investigation is
performed in two stands, one of
Douglas fir and one of Scots pine,
planted on cation-poor and acidic
sandy soil. The effect of an optimal
nutrient and water supply
(fertigation) on foliar N deposition
and metabolism is studied at the
same time. Comparison of the results
of the two tree species provides part
of the explanation for the differences
in vitality observed in Dutch forests
exposed to NH 3 pollution.


