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Introduction

There have been few studies of nitrogen
(N) assimilation in perennial woody spe-
cies. The present study shows that leaf
nitrate reduction is of common occurrence
in woody plants of English woodland com-
munities. Pioneer species tend to exhibit a
greater capacity for leaf nitrate reduction
than climax species. Seasonal profiles of
leaf nitrate reductase (NR) activity show
that the enzyme activity varies throughout
the year, with flushes of activity occurring
in most species in spring, when the buds
of deciduous species are beginning to

break. Amino acid analyses show that glu-
tamate and alanine concentrations in-
crease as NR activity increases, whereas
asparagine was found to decrease.

Materials and Methods

Three woodland sites were sampled: Bencroft
Wood in Hertfordshire, Boxhill in Surrey and
Tooting Graveney Common in London. A large
number of tree species were regularly assayed
for leaf NR activity (for in vivo assay method

see Smirnoff et al., 1984) between October
1987 and September 1988. Free amino acids
were analysed by standard HPLC techniques.

Results and Discussion

Fig. 1 compares the frequency distribution
of NR activity in leaves of woody species
in the temperate woodlands at Boxhill and
Bencroft Wood with leaf NR activity at Bri-
galow, a tropical forest in Australia (data
from Stewart et aL, 1988). The growth of
plants in many ecosystems is restricted by
the availability of N. In forests, uptake
occurs primarily from the surface soil

organic layer. In tropical forests, however,
a zone of organic accumulation typically
does not develop because of high rates of
decomposition, meaning that there is no
consistent supply of inorganic N in the soil
solution. The low concentration and sup-
ply of the enzyme substrate nitrate in the
ancient tropical soils results in low NR
activities (see Fig. 1 c). Over 80% of the
tropical species assayed by Stewart et aL,
(1988) had activities less than 100

pkat-g-1 fwt, with few species having activ-



ities in classes 5, 6 and 7. In contrast, the
English woodland communities (Fig. 1 a, b
and Tooting Graveney Common (data not
shown)) show a wide range of nitrate
reductase activities normally distributed
about the mean values, indicating a more
varied supply of inorganic N than is found
in tropical soils.

It was found that the highest rates of
leaf nitrate reduction were present in the
pioneer species characteristic of the early
stages of forest growth (see Fig. 2). The
pioneer species Sambucus nigra (elder)
had activities over 1300 pkat-g-1 fwt, and
over 50% of all pioneer species sampled

had activities in excess of 250 pkat-g-I
fwt. In contrast, the climax species at the
sites (e.g., Fagus sylvatica (beech) and
Quercus robur (oak)) were generally of
low activity. At Bencroft Wood and Boxhill
over 50%, and at Tooting Graveney Com-
mon 67.5% of climax species had activ-
ities less than ’100 pkat-g-1 fwt. Climax

species on the 3 sites had an average NR
activity of only 117 7 pkat.g-I fwt compared
with 340 pkat’g-1 fwt for pioneer species.
Generally speaking, NR is a substrate
inducible enzyme. The variation in activity
observed between pioneer and climax

species suggests that more of the sub-



strate nitrate is available in areas of
disturbance and regrowth where pioneers
grow. The low levels of expression of NR
activity in species of closed climax com-
munities suggest that they utilize N
sources other than nitrate. Species of the
closed forest are plants that, for the most
part, utilize ammonia ions or organic N,
both root located processes (Raven,
1985). Energetic considerations suggest
that leaf assimilation carries a lower ener-

gy cost than root assimilation (Stewart et
aL, 1986) and, in environments where

competition for nutrients and shading are
minimal, leaf assimilators may predomin-
ate. Conversely, shade species will have
little energetic advantage in leaf assimil-
ation, since photosynthesis will be light-
limited. The restriction of assimilation to
roots may allow greater control over the
use of limited light between N and carbon
assimilation (Smirnoff and Stewart, 1985).
In the present study, only leaf NR activity
has been examined. Investigations of root
activities in English woodland species
have yet to be carried out.

Many species were analysed for sea-
sonal variations in NR activities. The
results for 4 species are presented in Fig.
3. A spring flush was apparent in elder be-
tween April and May, after which a steady
decline in activity continued until Septem-

ber. In February-March, elder was one of
the few woody plants in leaf and, since
nitrate reduction in green leaves is essen-

tially dependent upon photosynthesis, the
very high activity in March could be due to
high light availability in the absence of a

canopy. Oak and hornbeam (Carpinus
betulus) showed approximately simulta-
neous budbreak (V), after which NR activ-
ity increased with leaf expansion. Senes-
cence began in July-August, and the

activity declined to low levels until the end
of the winter. Flushes of activity observed
during the winter may be due to the utiliza-
tion of N accumulated earlier in the sea-
son to sustain growth over the winter peri-
od. Holly (Ilex aquifolium), an understorey
shrub, initially followed a pattern of NR

activity similar to oak, hornbeam and
beech (data not shown), but throughout
the summer and autumn the activity in

holly steadily increased. In late summer-

early autumn, the competition for light and
nutrients is reduced as the deciduous

canopy declines, and it is this reduction in

competition which is likely to be the rea-
son for the late flush of activity in the ever-
green holly. Apart from seasonal variations
in activity, a number of workers have

reported that diurnal variations exist.

Significant seasonal fluctuations in soil
nitrification are also possible.



Some trends were observed in amino
acid concentrations in relation to leaf NR

activity (see Fig. 4). Asparagine concen-
tration decreased as NR activity in-
creased. Some woody plants low in leaf
NR activity have been found to be active
in root assimilation of nitrate and transport
N from root to shoot in the form of aspara-
gine (e.g., Stewart et aL, 1987). The
concentration of asparagine might be

higher in the lower leaf NR classes, since
more nitrate reduction is occurring in the
roots of these plants and asparagine is

being employed as the transport com-
pound. It has also been shown that NR

activity can be repressed in some plants
by end-products, such as ammonia and
amino acids (e.g., Stewart, 1972). The low
activities in classes 1, 2 and 3 could be
due to inhibition by high concentrations of
asparagine. Both glutamate and alanine
increased as leaf NR activity increased.
Rhodes et aL (1976) found that glutamate
and alanine pools increased in Lemna
minor as nitrate concentration increased.
When rice seedlings were grown on 15N-
labelled KN03 solution (Yoneyama and
Kumazawa, 1975), it was found that the
most highly labelled amino acids in the

shoots were alanine and glutamate. This
could infer, therefore, that where there is
an adequate supply of nitrate (i.e., in the

higher activity classes), higher concentra-
tions of alanine and glutamate may be
found, whereas in areas where nitrate

supply is limited (i.e., in climax communi-
ties exhibiting low activities of NR), com-
paratively low concentrations of glutamate
and alanine exis,t.
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