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ABSTRACT

Allelopathy refers to plant-plant interference mediated mostly by plant released products
of secondary metabolism. It was recently suggested that allelochamicals may influence
growth of neighboring plants by induction of oxidative stress. We have focused on the
role of reactive oxygen species (ROS) and phytohormons (ABA and ethylene) in the
biochemical and molecular regulation of plant response to sunflower phytotoxins.

ALLELOPATHY INTERACTION

Allelopathy phenomenon was defined by Hans Molisch at the beginning of the XX
century as the influence of one plant on another through releasing of chemicals into the
environment.! Allelochemicals in majority are secondary metabolites, released into the
environment as exudates, volatiles and/or residues of plant tissue decomposition.” The
action of allelochemicals in target plant is diverse and affects a large number of biochem-
ical reactions resulting in modifications of variety processes. The effects of allelochemicals
action are detected at molecular, structural, biochemical, physiological and ecological levels
of plant organization.? Allelopathic compounds may induce a secondary oxidative stress
manifested as enlarged production of reactive oxygen species (ROS).4 ROS are known to act
as signaling molecules, regulating plant response to biotic (pathogen attack) and abiotic
(drought, salinity, or heavy metals) stresses.” In addition to, ROS are emerging as impor-
tant regulators of plant development.® Plant growth and development as well as plant
response to stresses is controlled also by phytohormones. Hormonal signaling transduction
depends on ROS production since; ROS have been implicated as second messengers in
plant hormone responses.” Ethylene and abscisic acid (ABA) are both regarded as typical
stress hormones; they are also involved in regulation of seed dormancy and germination.8
Engagement of ROS into regulation of dormancy release and germination was reviewed
by Bailly Ref. 9.

In last few years numerous articles relating to allelopathy interactions were published,
although data on mechanism of action of identified allelochemicals are still exceptional. 10
Here we summarize the hypothetical model of sunflower phytotoxins mode of action in
germinating mustard (Sinapis alba) seeds.

ALLELOCHEMICALS INDUCE OXIDATIVE STRESS AND HORMONAL IMBALANCE
IN TARGET PLANTS

It was suggested that, one of the effect of allelochemicals on target plant may be
uncontrolled production and accumulation of ROS, accompanied by activation of cellular
antioxidant system.* In our previous reports we described the mode of action of sunflower
foliar extract during mustard seed germination.'!"12 We demonstrated that sunflower phyto-

13 not only by induction of oxidative stress,'?

toxins inhibited mustard seed germination
but also by restriction in reserve mobilization.!! Sunflower extract induced an oxidative
burst expressed as an increased H,O, concentration in germinating mustard seeds.!? It
correlated well with enhanced MDA level'? and electrolyte leakage.!? Therefore it may be
suggested that loss of seed viability in reaction to sunflower allelochemicals is associ-
ated with increased lipid peroxidation. Similar response was observed by Bais et al.!®
demonstrating that (-)-catechin elicits a burst of ROS in Arabidopsis thaliana roots. Extract

of leaves and stems of beauty-berry (Callicarpa accuminata) increased free radicals level,
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Figure 1. Schematic of signaling pathways including ROS, ABA and ethylene
regulation of germination of mustard seeds imbibed in water or sunflower
foliar extract. Sunflower allelochemicals enhanced ROS production, leading
to enlargement in membrane deterioration.'? Declined ACS and ACO
activity resulted in decreased ethylene synthesis.!® Perturbation in hormonal
balance: high concentration of ABA and low ethylene evolution made seeds
“artificially” dormant. Low energy supply due to suppression in reserve
(lipids and proteins) mobilization inhibition ICL - isocitrate lyase and endo-
peptidase activity) slowed down energy (ATP) generation'! in the catabolic
phase of germination and finally blocked radicle protrusion.

catalase (CAT) activity and membrane damage in tomato roots. 14

The exposure of cucumber (Cucumis sativus) roots to ferulic
and p-coumaric acids increased both H,O, level and peroxidase
(POD) activity.!> Cucumber root extracts increased CAT, superoxide
dismutase (SOD) and POD activity in cucumber roots.!® In our
experiment foliar sunflower extract stimulated both SOD and CAT
activity. Enhancement of CAT activity was associated with synthesis
of CAT 5 isoform, identified by western blot analysis. We concluded
that although the cellular antioxidant system is activated rapidly after
treatment with sunflower extract it does not function sufficiently to
avoid some cellular damage.!? Bais et al'? demonstrated that (-)-cate-
chin lead to cell death of target plant roots via ROS by ROS-triggered
Ca?*-signalling cascade causing cellular pH decrease and allelochemi-
cal-induced genome-wide changes in gene expression pattern.!” Therefore
we suggest that in allelopathy stress induced by sunflower phytotoxins,
ROS (H,0,) may also act as signaling molecules leading to changes
in hormonal balance during germination of mustard seeds. To verify this
suggestion, we measured synthesis of two stress hormones (ABA and
ethylene) in mustard seeds imbibed in sunflower phytotoxins. ABA
concentration in treated seeds was doubled comparing to the seeds
imbibed in water.!® The high level of ABA is typical for dormant seeds,
therefore, we may suspect that sunflower phytotoxins blocks meta-
bolic activity of the embryo and seeds became artificially dormant (still
viable but unable to germinate). In the contrast, ethylene emission by
mustard seeds was strongly repressed by sunflower extract.!® Ethylene
biosynthesis is controlled by two key enzymes ACC synthase (ACS)
and ACC oxidase (ACO).!” ACO activity decreased as exposition to
sunflower allelochemicals extended. The addition of exogenous ACC
(ACO substrate) does not enhanced ethylene biosynthesis.!® It
may indicate that the limitation in its evolution was the conse-
quence of ACO deactivation associated with enhanced membrane

318

Plant Signaling & Behavior

deterioration, resulting probably from increased lipid peroxidation
by ROS. ACS activity increased transiently after short period of seed
imbibition in the presence of sunflower allelochemicals. However,
the prolonged treatment by sunflower phytotoxins resulted in
decrease of ACS activity.'® Ethylene transduction cascade involves
MAPKs.2 It is suggested that ROS (mainly H,O,) act upstream of
MAPK pathways.?! Thus modifications of MAPKs activity can lead
to alteration in ethylene response.

In conclusion, sunflower allelochemicals induce disturbances in
hormonal balance between ABA and ethylene in germinating mustard
seeds. Oxidative burst leading to accumulation of ROS results in
enhanced membrane peroxidation. Low ethylene concentration,
resulting from inhibition of ACS and ACO activity may enhance seed
sensitivity to ABA, which concentration increased in seeds treated by
sunflower extract. The disturbances in phytohormone levels leads to
decreasing metabolic activity of the embryo and blocking its germi-
nation and growth (Fig. 1).
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