Journal of Allelochemical Interactions 7

January 2017. JAI 3 (1): 15-21

Phytotoxicity in Topsoils Collected under Acacia dealbata
Link in Galicia (NW Spain)

Manuel J. Reigosa', Alejo Carballeira Ocafia’®

1. Departamento de Bioloxia Vexetal e Ciencia do Solo, Facultade de Bioloxia, Universidade de Vigo, Spain. mreigosa@uuvigo.es

2. Departamento de Bioloxia Fundamental, Facultade de Bioloxia, Universidade de Santiago de Compostela, Spain.

ABSTRACT

Topsoils were collected 41 times along one year under the vegetal cover of Acacia dealbata, and their phytotoxicity was assessed using Lactuca sativa
var. Great Lakes bioassays.

The results show that toxicity is not so pronounced as when other kinds of assays are carried out (decomposition of vegetal residues in the laboratory,
artificial and natural washes) so being confirmed that the soil can act either by soaking up or by inactivating the allelopathic agents by means of
microbial action. The maximum toxicity appears after that flowers have fallen down on the soil and their decomposition has begun what means that
decomposition of vegetal residues is probably the most important release way of allelochemicals. The importance of the phenological gap between

the blooming of A. dealbata, exotic species and the germination periods of the autochthonous herbaceous species is discussed.
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Introduction

The genus Acacia includes some species that are
invasive in Europe and other parts of the world
(Lorenzo et al., 2010). Two of the most invasive species
are A. melanoxylon and A. dealbata, have been blamed
to release some phytotoxic compounds (Hussain et
al., 2011a, 2011b, Gonzélez et al.,, 1995, Reigosa et al.,
1995). Although there are some controversial results
about the role of allelopathy in their invasive capacity
(Lorenzoetal., 2008, 2010), itis clear that the ecosystems
are affected by A. dealbata, both soils (Souza et al.,
2014), microorganisms (Lorenzo et al.,, 2013) and the
understorey once the plants are established (Lorenzo
et al.,, 2011, 2012). Effects produced by allelochemicals
in the invasion process are difficult to assess, and
they can be direct or indirect (Belz et al., 2009; Grove
et al.,, 2012), including the effects on pathogens (Zhang
et al.,, 2009). And the effects can be mediated by the
soil characteristics, including the nutrients (Xiao et
al., 2007). After establishment, the high production
and release of allelochemicals could even produce
autotoxic effects ( Politycka, 2005, Zhang et al., 2001).

The soils are the main means of transmission
of allelopathic agents, so it is very interesting the
study of their effect on germination and growing

of plants. It is in the soil where vegetal residues
gather, which are decomposed by biotic or nonbiotic
factors and in the decomposition compounds having
allelopathic capacity can be released, either directly or
by subsequent degradation (Kaminsky, 1981; Molina
et al., 1991; Whitehead, 1964). Allelopathic substances
coming from aerial parts leaching or from radicles
exudation can appear on the soil (Patrick, 1971;
Robinson, 1972) and even compounds volatilized to
the environment can appear fixed on the soil after
being swept down by dew (Del Moral & Muller, 1969;
Rice, 1974, 1984).

Still more information is needed on the production,
accumulation, persistence and stability of allelopathic
substances in the soil (Inderjit & Bhowmik, 2004,
Reigosa et al., 1999a, Rice, 1979, 1984, Zhang, 1993)
but it has been verified the influence of different
environmental factors (Guenzi & Mac Calla, 1966;
Koeppe et al., 1970a, 1970b, 1976; Muller & Chou, 1972;
Patrick & Koch, 1958; Stevenson, 1967) as well as the
action of fungi and bacteria (Gant & Clebsch, 1975;
Grant, 1976; Jalal & Read, 1983; Kaminsky, 1981; Kung,
1971; Leon, 1976; Tack et al., 1972; Turner & Rice 1975;
Vaughan et al,, 1983). Substances with allelopathic
capacity have a very short average life in the soil
specially phenols, even though some substances (like
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Figure 1.
Germination of Lactuca sativa in topsoils compared to control. Results are expressed in percentage with
respect to the control. Statistical differences are shown as follows: * p<0.05 ** p<0.01 *** p<0.001.

condensed tannins) take a long time to be degraded
(Grant, 1976; Jalal et al., 1982; Jameson, 1970; Jose and
Gillespie, 1998, Levitt et al, Shindo & Kuwatsuka,
1977, Wang et al., 1971). It has been demonstrated
(Reigosa et al., 1984, 1985) the presence of phenols as
hydroxibenzoic, protocatechuic, gentisic, pcumaric,
and ferulic acids in soils under the Acacia dealbata.
Once released, allelochemicals can affect several
physiological processes, including germination and
growth (Chiapusio ef al., 1997, Reigosa and Gonzilez,
2006, Reigosa et al., 1999b)

The works aimed at clarifying the temporal
evolution of phytotoxicity are not very large either
(Carballeira & Cuervo, 1980; Casal et al., 1985;
Lodhi, 1975, 1976; MacPherson & Muller, 1969;
Reigosa et al., 1984, 1991, 2016; Robinson, 1971;
Weidenhamer & Romeo, 1989). These diachronic
studies are necessary, as the concentration of
phytotoxins in the soil is very variable pursuant to
the phenological cycle of the producing plant and
the environmental factors, this lead to the fact that
the measured values are not at all representative
(Jalal & Read, 1983). Such variations can even
appear in a particular phenological stage and in

periods as short as one week (Reigosa et al., 1984).
Additionally, there is the possibility of a temporal
accumulation of toxins in short but critical periods,
by considering the vital cycle stages of compounds
release on the part of the plant and the washing
periods (Leon, 1976; Quarterman, 1973).

So, it was designed a bioassay near to the field
conditions, and it was carried out with a certain
periodicity all one year round, to set up the conditions
of germination all time long.

Material and methods

In a parallel way to the series of experiments by
using natural and artificial leachates as described
in Reigosa & Carballeira (1991, 2016) and taking
into account the importance of the soil as an action
place for most of phytotoxins and because of the
possibility that the microbiological activity of the soil
might change the allelopathic capacity of the released
allelochemical agents, a series of experiments with
soil collected under the arboreal cover dominated by
Acacia dealbata Link widely described in Reigosa &
Carballeira (1985) was carried out.
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Lactuca sativa radicle growth
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Figure 2.
Radicle growth of Lactuca sativa in topsoils compared to control. Results are expressed in percentage with
respect to the control. Statistical differences are shown as follows: * p<0.05 ** p<0.01 *** p<0.001.

The used process was similar to the described
in Molina et al. (1991). It was proceeded with
the recollection of topsoil portions (the first 30
cm, considered as seeds’ germination place) at
five points chosen at random into a piece of
ground. Once in the laboratory, all the material
was homogenized and it was introduced an aliquot
into each of five plates Petri, which reached a
height of 0.5 cm. If the soil was at field capacity,
it was only covered with Whatman 3 MM paper
and it was assayed directly, by sowing 50 seeds of
Lactuca sativa var. Great Lakes, by using as control
the same number of plates with two Whatman
3 MM papers without soil and directly watered
with distilled water. Should the soil be not damp
enough, distilled water was added to, up to get the
field capacity.

Statistical analysis. The meaning of each of assays
was studied by means of oneway analysis of variance
(Sokhal & Rohlf, 1979). A multiple stepwise regression
analysis (Afifi & Azen, 1979; Pimentel, 1979) was also
carried out to research for the relationship between
the allelopathic capacity of soils and different climatic
factors.

Results and discussion

The results of germination bioassays are
summarized in the fig. 1. It is proved that the
effects are relatively limited: among the 41 assays,
statistically significant differences are only found
concerning the control in 7 (four stimulating and
three depressing the germination). Toxicity appears
during the blooming and postblooming stage.

Regarding the radicle growth (fig. 2), clear
statistically significant differences are observed, so
both of the stages can be more clearly marked out.
An initial one of inhibition related to blooming and
another one of light stimulation during the period of
the year farther from the blooming. As a whole there
are 20 cases of statistically significant inhibition, so
prevailing the highly significant differences in front
of only three cases having significant stimulation
(and never overpassing the level of 5%)

This coincides with the obtained results from
other assays (Reigosa et al., 1984; Casal et al., 1985)
and confirm the flowers as an important source of
active allelopathic substances. In the natural leachates
and drips the inhibiting action is declared sparingly
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Table 1.

Selected equation for better explanation of the

R multiple 0.3612
Square R multiple 0.1305
Square R adjusted 0.0859
Standard Error of Estimate 17.9005

Analysis of variance

Sum of squares D.F.

effects of topsoils on germination of Lactuca sativa.

Mean Square F ratio

Regression 1875.56780 2 937.7839 2.93
Residue 12496.72500 39 320.42880
Variables in the equation:
Variable Coefficient Estandar error of coefficient  st. Reg. Coef Tolerance F toremove
Rain 3 days before 0.63199 0.3790 0.249  0.99997 2.78
Temperature -1.03498 0.5937 0.260 0.99997 3.04

during the blooming while the effect in the soil is
something more delayed, and it seems to coincide
with a decomposition stage of flowers (Reigosa &
Carballeira, 2016). The results seem to point out that
the activity phytotoxins released in throughfall and
stemflow (Carballeira & Reigosa, 1999) can be reduced
or neutralized, what coincides with other results
(Stowe, 1979).

The results of multiple regression analysis
(Tables 1 and 2) show as the germination and the
radicles growth in the soil assays are negatively
correlated with the quantity of fallen floodwater, so
it is confirmed that the flooding favors the inhibition
(Rice, 1984) and positively correlated with the ionic
levels in the percolates (what aimed at the same
sense). Temperature also seems to show a certain
importance, probably because of its influence over the
decomposition rate.

The above mentioned confirms that the greatest
source of effective allelopathic substances comes,
sparingly, from the decomposition of vegetal
residues (Ballester, 1972, Gong et al., 2016, Teasdale
et al., 2012). It is also confirmed the prevalence
of flowers as suppliers of the greatest quantity
of effective allelopathic substances (Reigosa &
Carballeira, 2016; Carballeira & Reigosa, 1999;
Casal et al., 1985). It is also proved that discordance
among the phenological cycles of exotic plants
(the producing ones of toxins) and autochthonous
plants (receiving ones) can become fundamental
in the existence of allelopathic phenomena
(Rabotnov, 1974), among other reasons because
the blooming of the A. dealbata is carried out
during the germination and growing period of
autochthonous herbaceous species (Reigosa et al.,
1984, 1999).

Table 2.
Selected equation for better explanation of the effects of topsoils on radicle growth of Lactuca sativa.

R multiple 0.5019
Square R multiple 0.2519
Square R adjusted 0.1939
Standard Error of Estimate 20.1939

Analysis of variance
Sum of squares D.F.
5217.15810

15496.10700

Regression
Residue

Variables in the equation:

Mean Square F ratio
3 1739.05300 4.26

38

Variable Coefficient Estandar error of coefficient  st. Reg. Coef Tolerance F toremove
Rain 2 days before 0.97639 0.4643 0.303 0.95014 4.42
Rain 5 days before -0.73007 0.5142 -0.215 0.86180 2.02
Number of flowers 0.31557 0.1077 0.433 0.90434 8.59
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