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Abstract

The allelopathic potential of four tree species on soil microbial populations and some herbaceous plants (two understory
species and one general biotest species) was investigated. Effects of three nonindigenous tree species, Eucalyptus
globulus Labill, Pinus radiata D.Don and Acacia melanoxylon R.Br., on microorganisms participating in the cycle of
nitrogen were evaluated, comparing them with those produced by the autochthonous Quercus robur L. Influence of the
trees on Lactuca sativa L., Dactylis glomerata L. and Trifolium repens L. was also checked in bioassays. Cell numbers
of Nitrosomonas sp. were negatively affected by Acacia and Eucalyptus stands, mainly during spring, when flowers are
especially abundant on the ground. Proteolytic microorganisms were also negatively affected by Eucalyptus and Pinus
stands, whilst Quercus stand did not show any toxicity. Soil bioassays showed clear inhibitory effects on germination and
growth of understory plants, particularly soils from Eucalyptus and Acacia stands. The greatest effects had the soil from
Acacia stand, which was phytotoxic during the whole period of germination and growth of understory plants.
Allelopathic phenomena could be, at least partially, responsible of the low species diversity in the understory of the
nonindigenous tree stands.

Additional key words: Acacia melanoxylon, Dactylis glomerata, Eucalyptus globulus, Lactuca sativa, nitrogen cycle, Pinus radiata,
Quercus robur, Trifolium repens.

Introduction

Allelopathy is an important ecological factor in forest metabolic toxins. Therefore, in those places in which

ecosystems. Rice (1984) has described many cases in
which this competitive mechanism was a source of
interferences between tree species and understory species.
Other authors have reported its importance in forest
ecology and management (Kuiters and Denneman 1987,
Jobidon 1992, Melkania 1992).

Several studies have been focused on species which
have not coevolved and which, therefore, seem unlikely to
be adapted to the nature of chemical compounds in the
surrounding environment. According to Rabotnov (1974)
allelopathy is an effect principally possible between
species from different areas or under conditions in which
the soil microorganisms are not capable of destroying

Received 9 June 2000, accepted 18 September 2000.

allochthonous forest species are grown, allelochemical
agents could be, at least partially, responsible of the low
number of understory species and scarcity of their cover
(Chou and Leu 1992, Souto et al. 1994, Yamamoto
1995).

Allelopathic interactions are strongly related with
microbial activity in the soil, and they are important in the
action of allelopathic compounds released into the
environment. This fact, pointed out by Vaughan et al.
(1983) and Blum (1995), is particularly relevant in forest
ecosystems, especially when phenolic compounds are
considered (Kuiters 1990). Soil microorganisms can be
both producers and degraders of chemicals and can be
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affected by plant secondary metabolites (Kaminsky 1980,
Cheng 1992, Inderjit and Dakshini 1995, Pellissier and
Souto 1999, Reigosa et al. 1999). Great attention has also
been paid to phytotoxic microorganisms, especially soil
and rhizosphere micromycetes which can negatively
affect not only the growth of some plants, but also the
microbial balance in the rhizosphere (Bunt and Mulder
1973, Catska et al. 1982, Catska 1994).

The aim of this work was to determine the role of
allelopathic phenomenon in the plant community of this
area. The allelopathic potential of four tree species on soil

Materials and methods

The stands under study were situated in the surroundings
of Santiago de Compostela (NW Spain), with identic
climatic conditions and parent material (granite with
mica) for all of them. They were located between 250 and
290 m as.l The distance between stands was
approximately 300 m. The microbial analyses were made
monthly throughout a year (from September 1995 to
August 1996). Nine soil samples were taken in each stand
at three randomly chosen locations (at least 4 m from the
nearest tree). Not decomposed litter was removed and soil
cores were taken up to 10 cm depth. Soil samples were
immediately taken to the laboratory, sieved (2 mm) and
homogenised. Aliquots were saved for determining pH in
distilled water (Guitian and Carballas 1976), soil
moisture, microbial populations densities and for
performing soil bioassays.

Microbial quantifications were made using the most
probable number method (MPN) (Alexander 1982).
Twenty g of each soil were shaken in 180 cm’® of water
for 25 min (10” dilution) and consecutive 10-fold serial
dilutions were obtained (until 10® dilution). Four
replicates were prepared of each dilution for each soil.
The following microbial groups were determined:
dinitrogen fixers (Clark 1965), proteolytic micro-
organisms (Pochon and Tardieux 1962), ammonifiers
(Pochon and Tardieux 1962), denitrifying bacteria (Focht
and Joseph 1973), Nitrosomonas (Alexander and Clark
1965), and Nitrobacter (Alexander and Clark 1965).

This investigation was focused to find whether
allelopathic effects were present. As the most important
differences among forest sites were soil pH, soil moisture
and kind of vegetation, the effects produced by the first
two parameters were removed using analysis of
covariance (ANCOVA) in order to detect differences
attributable to the trees. Since both parameters
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microbial populations and some understory species was
investigated, and it was attempted to relate these effects to
the low vegetation diversity in the understory of the
nonindigenous trees (Eucalyptus globulus, Pinus radiata,
and Acacia melanoxylon), always compared with the
autochthonous Quercus robur. Also, Lactuca sativa was
used as a general test species. The identification and

" quantification of phenolic compounds in soil was also

studied, since they have been considered responsible for
allelopathic effects by various authors (Pellissier 1993,
Blum 1995).

significantly affected microbial growth rate, multiple
regression analyses were performed for each microbial
group each month, taking soil pH and soil moisture as
independent variables. A new variable was then created,
in which effects produced by soil pH or soil moisture
were removed. Oneway analysis of variance (ANOVA)
and LSD test were then applied with the new variable to
determine differences in microbial growth due exclusively
to stand characteristics (kind of vegetation) once pH and
soil moisture effects were statistically eliminated.

From February to July 1996 bioassays with soil of
each stand were made, in order to determine the toxicity
of the soil solutions. This period coincides with
germination and early growth of most of the understory
species in this part of the Iberian Peninsula.

Germination and growth of three species were
measured: Lactuca sativa L. cv. Great Lakes, commonly
used in allelopathic studies (Chou 1989, Molina et al.
1991, Gonzélez et al. 1995), Dactylis glomerata L. and
Trifolium repens L. (both as understory species in climax
forests). Petri dishes were filled with soil of
approximately 0.5 cm high, with Whatman 3MM filter
paper and 50 seeds of each one of the receptor species,
with five replicates. If necessary, soils were watered until
field capacity with distilled water one h before sowing.
Since seeds were not in contact with soil but with
moistened paper, soil solutions were tested. A water
control was also prepared, just made without soil, only
distilled water, Whatman paper and seeds in Petri dishes.

Plates were placed in an incubator at 28 °C and
constant humidity of 80 %. After 60 h (L. sativa), 72 h
(T. repens) or 120 h (D. glomerata) dishes were
transferred to a cold chamber at -20 °C for at least one
day to stop radicle growth. Germination percentage and
emergent radicle length were then determined.



Results

Statistically  significant  differences in  microbial
populations among stands for every microbial group in
each month were observed (Tables 1 - 4). The most
noteworthy results are those of Nitrosomonas and
proteolytic microorganisms. Both pH and soil moisture
were significantly correlated with Nitrosomonas growth
(Table 1). During February to July there were significant
differences between stands of Quercus and both
Eucalyptus  and Acacia stands with respect to

ALLELOPATHIC EFFECTS OF TREE SPECIES

Nitrosomonas. Quercus stand showed higher values than
the other stands in some of these months (Table 2). All
these differences were not due to pH or soil moisture
(they were removed in the statistical analyses), so they
must be considered as produced by characteristics of each
stand (planted trees). Probably the kind of dominant
vegetation in each case is related to the observed
differences.

Table 1. Analysis of covariance for Nitrosomonas and proteolytic microorganisms.

Source of Nitrosomonas Proteolytic microorganisms

variation Sumof DF Mean F Sig. of F Sumof DF Mean F Sig. of F
squares square squares square

Covariates 2.795 2 1.398 15.077 0.000 0.459 2 0.230 2.178 0.117

pH (H,0) 1.842 | 1.842 19.865 0.000 0.041 1 0.041 0.393 0.532

Soil moisture 1.631 1 1.631 17.596 0.000 0.332 1 0.332 3.149 0.078

Main effects 18.947 14 1.353 14.599 0.000 16.226 14 1.159 10.991 0.000

Soil 1.516 3 0.505 5.450 0.001 6.017 3 2.006 19.021 0.000

Time 15.239 11 1.385 14.944 0.000 4.864 11 0.442 4.193 0.000

Interactions 27.049 31 0.873 9.412 0.000 7.544 31 0.243 2.308 0.000

Soil-time 27.049 31 0.873 9.412 0.000 7.544 31 0.243 2.308 0.000

Explained 48.791 47 1.038 11.198 0.000 24.229 47 0.516 4.889  0.000

Residual 12.886 139 0.093 15185 144 0.105

Total 61.677 186 0.332 39.414 191 0.206

Covariate Raw regression coefficient Raw regression coefficient

pH (H,0) 0.341 0.050

Soil moisture 0.009 0.004

Table 2. Growth of Nitrosomonas and proteolytic microorganisms of four different forest stands throughout one year (September
1995 - August 1996), expressed as logarithm (n+1). Values reflect significant differences in each month (see rows) when letters are
different (P < 0.05), once effects produced by pH and soil moisture were statistically removed.

Month Nitrosomonas Proteolytic microorganisms
Q. robur E globulus P. radiata  A. melanoxylon Q. robur E. globulus P. radiata  A. melanoxylon

September 1.33a 191a 1.86 a 1.67 a 630a 531b 5.76 ab 5.99 ab
October 1.51a 1.72a 1.72 a 1.57 a 5.69 ab 5.33b 5.47 ab 5.84a
November 1.57 a 1.59 a 1.53a 1.63 a 598a 5.84a 5.49 ab 525b
December 0.68a 1.30 a 0.71a 1.19a 607a 6.01a 6.08 a 592a
January 0.77 a 0.85a 0.74 a 094 a 641 a 580b 6.04 ab 6.09 ab
February 1.49a 1.52a 1.59a 0.51b 630a 571b 5.67b 5.85b
March 141 a 1.06 a 128 a 0.96 a 570 a 5.80 a 5.69a 585a
April 141a 1.03b 1.13b 1.19a 576 a 5.64a 5.81a 598a
May 1.59a 1.21 ab 1.52a 1.04b 5.77 ab 6.00 a 545b 6.17 a
June 1.24 a 041c¢ 137a 0.76 b 6.14a 593a 598a 5.89a
July 1.58a 1.56 a 1.54 a 1.47 a 6.36 a 6.10 ab 563b 6.18 ab
Aug 0.80a 0.53a 077 a 0.69 a 6.28 a 5.92 be 565b 6.17 ac

Neither pH nor soil moisture were statistically
significant in the case of proteolytic microorganisms
(Table 1). Statistically significant differences appeared

between Quercus stand and both Eucalyprus and Pinus

stands (Table 2). These differences were again not due to

pH or soil moisture but to stand characteristics (mainly
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vegetation). They were more important in winter,
probably due to the presence of decomposing leaves and
barks of dominant species (leaves and bark fall is very
important in winter for nonindigenous species, while oak
leaves fall in autumn).

Results of dinitrogen fixers and ammonifiers (Table 3)
indicate few differences among stands, which appeared
mainly between Quercus stand and FEucalyptus and
Acacia stands. In the case of denitrifying bacteria
differences appeared only in June between the Quercus

Table 3. Growth of dinitrogen fixers and ammonifiers of four different forest stands throughout one year (September 1995 - August
1996), expressed as logarithm (# + 1). Values reflect significant differences in each month (see rows) when letters are different
(P < 0.05), once effects produced by pH and soil moisture were statistically removed.

Month Dinitrogen fixers Ammonifiers
Q. robur E. globulus P. radiata  A. melanoxylon Q. robur E. globulus P. radiata  A. melanoxylon
September 271 a 273 a 253 a 280 a 6.74 a 584b 6.13 ab 6.12 ab
October 2.77a 284 a 2.67a 260a 641 a 626 a 625a 6.61a
November 2.89a 295 a 2.55a 3.11a 591 a 6.00 a 5.61 a 6.03a
December 2.67a 2.69a 26la 2.76 a 583a 5.68 a 579a 6.07a
January 277 a 2.84a 274 a 292a 6.18 ab 629 a 5.95ab 571b
February 2.73a 312a 267a 299a 591 a 6.022a 6.19a 587a
March 2.85a 3.07a 287a 3.08a 5770 5.97 ab 6.27a 545c¢
April 298 a 31la 2.85a 307a 585a 592a 579a 590a
May 331b 3390 3.33b 3.56a 597a 582a 573 a 584a
June 357a 351a 342a 350a 582a 5.67a 58%a 573 a
July 3.10a 3.18a 296 a 3.10a 5.72a 580a 5.60a 577a
Aug 3.03 ab 3.16 ab 2.84b 326a 6.04a 5.54b 546 b 5.77 ab
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Fig. 1. Phytotoxic effects produced by soils of three different
forest stands on Lactuca sativa. Values are given as a
percentage with respect to control (oakwood stand soil).
*  significant differences between stands with respect to the
control (P < 0.05).
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Fig. 2. Phytotoxic effects produced by soils of three different
forest stands on Dactylis glomerata. See Fig. 1 for symbols.

and Eucalyptus stands and in February between the
former and the Pinus stand. With respect to Nitrobacter

s



no differences appeared once the effects of pH and soil
moisture were removed, so results are not shown.

Trifolium repens
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Fig. 3. Phytotoxic effects produced by soils of three different
forest stands on Trifolium repens. See Fig. 1 for symbols.

Discussion

In a previous work, Souto er al. (1994) showed that
decomposition of aerial plant parts from Eucalyptus
globulus and Acacia melanoxylon released phytotoxic
compounds, inhibiting the germination and growth of
Lactuca sativa. They also showed the importance of soil
microorganisms in  detoxifying such compounds,
particularly in the Quercus robur forest soil.

The results indicate the existence of differences
among the four soil samples caused by the planted trees
with respect to some kinds of microorganisms, but also
the importance of soil and climatic parameters (pH and
moisture). In this sense, some groups did not show
differences due to characteristics other than pH and
moisture. However, it is noteworthy to mention the
narrow relationship between pH and allelopathic
phenomena. Soil pH depends, in part, on chemical
substances (toxic or not) released into the soil, so a
decrease or increase of pH could be directly related with
the release rate of chemicals. Besides, activity of some
substances is very much influenced by the soil pH
(Kuiters 1990, Appel 1993). Differences found in our
experiment that statistically would be explained by pH
may really be due to differences in the activity of
allelochemicals. The fact that a soil parameter such as pH
can explain differences in microbial densities in soils of
the stands under study could be related with allelopathic

ALLELOPATHIC EFFECTS OF TREE SPECIES

In general, growth of tested plants was affected more
than germination (Figs. 1 to 3). There were no statistically
significant differences between oak forest soil treatment
and water control, so the first was taken as a control
because oak forest is the climax ecosystem.

L. sativa germination was affected essentially by soil
extracts from Eucalyptus and Acacia stands (Fig. 1). The
most important inhibitions were found, however, in
growth. The soil samples of almost all months showed
significant inhibitions, the most notable being those
produced by Acacia soil. This soil was inhibitory from
February up to June. Similar results were found with
Eucalyptus and Pinus soils, but with less intensity and
duration.

With respect to D. glomerata, it can be seen that
phytotoxic effects are less important (Fig. 2). The most
notable result is the inhibitory capacity of the soil from
Acacia stand on both germination and growth, and also of
soils from Eucalyptus and Pinus on germination.

Soil from the Acacia stand was the most inhibitory on
T. repens (Fig. 3). The most critical months seem to be
spring ones, from April to June, probably due to the
presence of toxic substances released from flower
residues on the stand ground. This effect can also be
observed on growth, in which soil from Acacia stand was
still the most inhibitory.

phenomena on those microorganisms due to changes in
the activity of chemical compounds.

It has been recognised that soil community can have a
dramatic impact on plant populations and communities.
Westover et al. (1997) found that the rhizosphere
populations of free-living bacteria and fungi can be
influenced by the plants as well as vice versa. Bever et al.
(1997) have provided a framework for the interrelations
between the composition of plant and soil communities,
in which a feedback process is involved. The model
proposes two possibilities: a positive feedback leading to
the loss of species diversity at a local scale, and a
negative feedback leading to its maintenance. Under the
first one the relative rate of population growth of a plant
species in association with its local soil community
increases over time. In this sense, Pellissier (1998) and
Bever et al. (1998) pointed out that allelopathic
interactions should be added to the model as a
competitive mechanism that may affect the plant
population dynamics. In our work significant
interrelations between soil microorganisms and plants
have been found. Nitrosomonas and proteolytic
microorganisms were negatively affected by the Acacia
stand, leading to a different composition of soil microbial
populations with respect to the natural forest. Since all
soil characteristics of the four stands were identical
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except for vegetation, we suspect that plants growing in
that stand (almost exclusively Acacia melanoxylon)
affected soil populations. However, not only plants affect
microbial populations, but soil microorganisms change
soil conditions, such as nutrient availability (Wardle et al.
1998), and therefore plant populations dynamics. The
observed differences in  microbial growth of
Nitrosomonas and proteolytic microorganisms have a
seasonal pattern, in which the lowest number of microbes
was found during spring. This period coincides with the
presence of flower debris on the ground, and with the
germination and early growth period for most of
autochthonous understory species. This could help to
explain the inhibitory capacity of the soil under Acacia
melanoxylon just after the beginning of flowering. In this
sense, another related species, Acacia dealbata, has been
demonstrated to have important quantities of inhibiting
compounds in its flowers (Casal et al. 1985, Reigosa
et al. 1996). However, once spring finishes, cell numbers
come back to normal values (meaning values not
statistically different from the Quercus robur stand).
These short-term effects can be of importance in the
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