Occurrence of foliar nitrate reductase activity not induced by
nitrate in symbiotic nitrogen-fed black alder (Alnus glutinosa)
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Introduction
Black alder

(Alnus glutinosa (L.) Gaertn.)
acquires nitrogen from its environment by
symbiotic nitrogen fixation within its actinorhizas and by uptake of combined nitrogen from the soil solution. N0
3 represents
the major form of combined nitrogen in
alder soils, which possess a high capacity
for nitrification (Bollen and Lu, 1968). It is
well established that black alder has the
ability to reduce N0
3 in both roots and
leaves (Pizelle and Thiéry, 1974; 1986).
The present study was performed on
young black alders grown under axenic or
non-axenic conditions and supplied with
nitrate or nitrate-free nutrient solution. The
objectives were to: 1) evaluate the effect
of nitrogen source and plant age on leaf
nitrate reductase (NR) activity measured
in vivo; 2) verify that leaf NR activity was
not due to an artifact of microbial origin; 3)
examine the relationship between plant
growth and leaf NR activity.

Materials and Methods

Young black alders were grown in a growth
chamber; tight/dark cycle, temperature and RH:

BP 239, 54506

1618 h, 25/18°C and 60/80%, respectively; photon flux density: 200 1
m- from Metalarc
jlE
h
’
2

Sylvania lamps.
Axenic and non-axenic plants were grown on
in test tubes and on a vermiculite-sand
mixture (v/v), respectively. Nodulation was obtained, if necessary, by inoculation with a pure
Frankia suspension in axenic cultures and with
an actinorhizal suspension in non-axenic cultures. The nodulated plants were grown on an
N-free solution; 4 mM NaN0
3 was added to this
solution to supply the nitrate-fed plants.

perlite

Leaf NR activity was determined as described by Pizelle and Thidry (1986) with the
modification that the concentration of KNO
3
was 0.05 M in the incubation medium.

Results

Effect of nitrogen source and
the leaf NR activity

plant age

on

The nodulated plants grown without combined nitrogen expressed leaf NR activities which were higher than those of the
plants supplied with nitrate (Fig. 1The
leaf NR activities of both X
-ng
2
N
i
f’ and

nitrate-fed alders presented great variations between plants and, in one plant,
between dates of measurement. In addition, these data show that NR can be active in the leaves of the plants not supplied
with nitrate. This NR activity, not induced
by nitrate was termed ’constitutive’ NR.

ed by Btacquiere and Troelstra (1986).
From these results, we conclude that the
leaves of A. glutinosa present a constitutive NR activity not induced by nitrate.

Blacqui6re and Troelstra (1986) postulated that leaf NR activity measured in
vivo in alder might be of microbial origin.
This hypothesis was tested by using
plants in axenic culture.

alders

Leaf NR
culture

activity

of

plants

in axenic

The axenic leaf tissues from nodulated or
non-nodulated alders grown with or without nitrate expressed notable NR activity
(Table I). These findings indicate that the
NR activity originates in leaf tissues, and
not in microbial phyllosphere, as suggest-

Comparison of the constitutive leaf NR
activity in symbiotic nitrogen-fed black

In order to determine whether the variations of leaf NR activity previously observed (Fig. 1 ) were a coincidence or
whether the plants could be distinguished
from each other by the level of their enzyme activity, we followed the individual
leaf NR activities of symbiotic nitrogen-fed
alders for several weeks. The data presented in Table II allowed us to distinguish
at least 2 groups of plants having significantly different levels of leaf NR activity:
one group having low enzyme activity
(plants 1-3) and one having high enzyme

activity (plants 9-12).

The variations of the NR activity of each
group (Fig. 2) show that the means of the
enzyme activities of the 1 st and 2nd
groups are consistently lower and higher,
respectively, than that of the 12 plants
assayed. Thus young black alders could
be distinguished by the level of their
constitutive leaf NR activity. Hence, the
question arose whether any relationship
exists between this enzyme activity and

plant growth.

Relationship between constitutive leaf NR
activity and plant growth
The data given in Table II show a high correlation between growth and mean NR
activity in the leaves of each plant

(r= 0.841, n=12, P<0.001). ). In addition,
this correlation increased with plant age
between 16 and 24 wk (data not shown).
Such a correlation has been reported in

herbaceous (Lee and Stewart, 1978) and
young woody plants (Lee et al., 1985)
supplied with nitrate. However, in the case
of symbiotic nitrogen-fed A. glutinosa of
the present study, the leaf NR activity was
correlated with the plant growth even if it
did not contribute to the nitrogen nutrition
of the plant.

of unusual nitrate

flux,

are

hypothetical

roles which

might be attributed to this NR
activity. Regardless of its yet unknown
role(s), the constitutive NR activity of the
leaves of A. gliutinosa must have a physiological significance, since its level is
positively correlated with plant growth.
Hence, this enzymatic activity could be a
good indicator of the growth potential of
young black alders.

Conclusion
Our results show that the leaves of Alnus
glutinosa have a constitutive NR activity
not induced by nitrate nutrition and not
due to an artifact of microbial origin. But it
is difficult to specify the role of this enzyme activity. Diaphorase activity (Guerrero et aL, 1981 ), iron nutrition (Smarelli and
Castignetti, 1986), intervention in the case
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