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ABSTRACT

Studies were carried out on the effects of coumarin, ferulic acid and naringenin on soybean seed germination and
on the growth of seed-borne fungi at concentrations of 50 and 100'mithe compounds showed good inhibition

of seed germination, especially at 50 my.but little fungistatic activity. Possible mechanisms of action are
discussed.
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INTRODUCTION While  terpenes and  nitrogen-containing
compounds are recognized mostly in antiherbivore
A major difference between plants and animals igterations, phenolic compounds are also related
the ability of plants to accumulate a wide varietyto defense against pathogens, mechanical support,
of low molecular weight constituents, resultingattraction of pollinators and fruit dispersers,
from long metabolic pathways: the secondary@bsorption of harmful ultraviolet radiation and in
metabolites (Harborne, 1997). Among these arteducing the growth of competing plants (Taiz and
terpenes, nitrogen-containing compounds andeiger, 1998).
phenolics, which are synthesized from Acetyl-Besides competition for moisture, light and soil
CoA, aminoacids and schikimic and malonicnutrients, plants have developed chemical defense
acids, respectively (Taiz and Zeiger, 1998). Thénechanisms (allelopathy), through the use of
schikimic acid pathway was added to the acetat®mple-structured, low  molecular  weight
path early in Angiosperm flora, diversifying secondary metabolites, whose effectiveness
gradually and then declining again in moderrdepend on the speed with which soil micro-
orders (Gottlieb et al 1996). Also, the type of organisms are able to detoxify and metabolize
phytoalexins produced is likely to be related tahem (Harborne, 1993). Chemical interactions
existing preinfectional agents present in a giveinvolving plants and micro-organisms may be
family (Harborne, 1999). compatible or incompatible and begin with
elicitor-mediated genetic recognition, which
triggers signal amplification and gene activation,
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and culminate in the activation of defensegermination and their fungistatic activity on seed-
mechanisms, such as hypersensitive respongdagrne fungi.

systemic acquired resistence (Cordeiro and S4,

2000) and phytoalexin induction. This latter can

be also triggered by stress conditions, intense collMJATERIALS AND METHODS

ultraviolet radiation, tissue injury, osmotic stress,

abiotic agents (fungicides, metallic ions, fosfite,Plant material.Soybean Glycine max. Merrill)
ethylene and glutation) and biotic agentsseeds, cv. BRS-155 and IAC-19, were acquired
(Maestro-Duran et al., 1993). The interaction withfrom Departamento de Agricultura, Faculdade de
organic matter is important in establishingCiéncias Agrondmicas - UNESP.

phenolics inhibitory concentrations, since at fieldPhenolics and concentrationsthe compounds
conditions these are lower than those used ipsed were coumarin (RP), and ferulic acid and
laboratory (Blum, 1996). Soil nutritional state, naringenin (Sigma) at concentrations of 50 and
such as nitrogen availability, influences phenolics.00 mg.L".

mechanism of action (Klein and Blum, 1990) andTwo experiments were set up: (1) a seed
their constitutive levels in plants (Stout et, al germination test and (2) a seed health test.

1998). Germination testBRS-155 seeds were prepared
In general, phenolics have the property of alteringiccording to ‘Regras para Analise de Sementes’
mitochondria and chloroplasts membranes(Rules for Seed Analysis) (Brasil, 1992). Three
hindering the energy transfer necessary to iogheets of filter paper substrate were embedded
transport, as observed in spinach (Moreland angith the testing-solutions or distilled water
Novitzky, 1987). Coumarins seem to inhibit(control) (2.5 times v/w). Fifty seeds were placed
mitosis alike colchicine, showing antimicrotubulebetween sheets and rolled up. Each treatment
effects (Cornman, 1946). For phenolic acidsscroll was isolated with transparent plastic bag
polyphenols (but not monophenols) seem t@&nd maintained in FANEM germinator under
increase IAA-mediated growth by inhibiting IAA constant white light and 25temperature for 8
oxidative decarboxilation (Tomaszewski anddays. Daily counts of germinated seeds (radicle
Thimann, 1966). This can be extended fos2mm) were made.

flavonoids. Antifungal flavonoids (pterocarpans)Health test.For this the filter paper method was
seem to have their activity related to theysed (Lucca Filho, 1987). Seeds were embbeded
molecule’s non-planarity and to the presence o the testing-solutions or distilled water (control)
small oxygen-containing substituents in specifidor 8 hours and placed in gerboxes (20/box)
positions (Perrin and Cruickshank, 1969). Othegontaining 3 sheets of filter paper moistened with
factors, such as the presence of assymetric carbogigtilled water. Seeds were incubated in FANEM
and compound solubility as well as 0thergerminator at 20t 2°C and intermittent light

physiochemical properties or the involvement okagime (12-hour light/12-hour dark). After 7 days,
different receptors must be considered (VanEttengeeds were observed under  stereoscopic

1976). _ _ microscope to verify the occurrence of the
Phenolic compounds are important in thegjowing fungal species: Aspergillus spp.,
formation of vegetational patterns and eCO|09'Catercospora kikuchii, Cercospora  sojina,

succession processes, s_howing many applicatiogy||etotrichum dematium Fusarium  spp,

on forestry and agriculture (Rice, 1987).\acrophomina phaseolina, Penicilliumspp.
Laboratory bioassays are of great importance ophomopsis phaseaindRhizoctonia solani
allelopathy study (Inderjit and Dakshini, 1995), statistical analysisTwo hundred seeds were used
seed germination being a usual parameter (RiCgy each treatment, being 4 repetitions of 50 seeds
1984). There are many facets to be considered |f the germination test and 10 repetitions of 20 in
the study of allelopathic interactions (Harbornene health test. Data were expressed as the mean
1993), as well as in the understanding of othegt | repetitions. Germination percentage data
plant defense mechanisms. The objective of thigere analyzed by using the analysis of variance

paper was to test the allelopathic effect coumarilyng the means compared by Tukey's teste (P=
ferulic acid and naringenin on soybean seed
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0.05). Poisson model was used for statisticallyhree groups were observed: (1) control) (With

significant differences §0.05). 94.5%, (2) ferulic acid and coumarin at 100 ppm
(T, and Ty), with around 30%, and (3) naringenin
at both concentrations, ferulic acid and coumarin

RESULTS AND DISCUSSION at 50 ppm (T, Ts, Ts and Ts), with less than 4%.
Naringenin at 50 ppm treatments{ Bhowed total

Seed germination results (Fig. 1 and Table 1inhibition. Seed germination was most inhibited at

showed a highly inhibitory activity of the testedthe 50 ppm concentration.

compounds. According to germination percentage,
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Figure 1 - Germination percentage of phenolic-treated BRS-155 seeds during the 8-day experiment, under
constant white light and 2%emp. (T, = ferulic acid 50 ppm, I= ferulic acid 100 ppm, J= coumarin 50
ppm, T, = coumarin100 ppm,s= naringenin 50 ppm,¢E naringenin 100 ppm,;E control).

Competitive chemical effects not only operated orseedling growth at concentrations of 0.125-0.8
seed germination, but on all aspects of growtimM (Blum and Rebbeck, 1989; Booker et, al
(Reynolds, 1977). Inhibition by ferulic acid and1992; Lehman et al., 1994) and at i@/g soil
coumarin on lettuce seed germination weréBlum, 1996).

observed at concentrations of 100° M In our experiment, primary roots reached a
(Williams and Hoagland, 1982; Li et al., 1993).maximum of 1-2 cm in ferulic acid and coumarin
Coumarin at 100 ppm also inhibited lettucetreatments and about 0.5 cm in naringenin
germination and reduced radicle elongation afreatments. In the firsreatments, stunted roots
lower concentrations (Yamamoto and Fujii, 1997)with necrotic tips were observed (control showed
Ferulic acid also showed inhibition of cucumbemormal seedling development). This morphology
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suggested a possible common mechanism &-carboxamide on watercress roots resulted in the

action for ferulic acid and coumarin.

Table 1 - Analysis of variance of germination

known ‘club morphology’, which cell elongation
(Hoffman and Vaughn, 1996). Even with little
information on flavonoids activity on seed

percentage of phenolic-treated BRS-155 seeds, Undgérminaﬁon, our results suggested a greater

constant white light and 26 temperature.
Treatment % germinated séed

Ferulic acid 50ppm 35¢c
Ferulic acid 100ppm 29b
Coumarin 50ppm lc
Coumarin 100ppm 30b
Naringenin 50ppm Oc
Naringenin 100ppm 2c
Control 94.5 a
F 243.5*
C.V. (%) 13.47

Means, followed by same letter not statistically differ by
Tukey's test at 5%.

These compounds seemed to act alike mitos
disrupter herbicides on microtubules.
Microtubules were responsible for setting th
plane for cell division and cellulose deposition

(Vaughn and Lehnen, 1991). Wall deposition

accounted for a cylindrical cell shape (Green
1962), which is responsible for elongation. Th
effect of the herbicide 1-(4-clo@+2,2,3,3,3-
pentafluoropropoxiyn-toli)-5-fenilH,2,4,-triazole-

€

activity of naringenin compared with the other
compounds. It was not possible to observe
naringenin effect on root morphology at 50 or 100
ppm, but roots showed the same morphology as
other treatments when lower concentrations were
used. The higher effectiveness of naringenin could
be attributed to the fact that flavonoids accounted
for 80-90% of seed composition (Graham, 1991),
which implicated the existence of specialized
metabolism on compounds of this nature.

Seed health results (Table 2) showed that the
occurence of fungal species varied immensally
depending on the cultivar, compound and
concentration usedColletotrichum dematiunand
Benicillium sp. (both cultivars) and®homopsis

ephaseoli (cv. IAC-19) did not show statistical

differences compared to the control. It was
observed that mycelial growth was inhibited in cv.
IAC-19 and stimulation in cv. BRS-155 for
Aspergillusspp.,Cladosporiumspp., and in both
cultivars forFusariumspp..

Table 2 - Percentage of fungal occurrence in phenolic-treated seeds, cviTR&Ad IAC-19, after the 7-day
incubation under 12-hr. ligth/12-hr. dark regime an8C2@mp. (T, = ferulic acid 50 ppm, I= ferulic acid 100
ppm, Tz = coumarin 50 ppm T, = coumarinl100 ppm, sT= naringenin 50 ppm, ¢I= naringenin 100 ppm, ;=

control).
BRS-155 IAC-19

TT T2 T3 T4 T5 T6 T7 T1 T2 T3 T4 T5 T6 T
7
Asp? 215 18 255 38 255 39* 225 7 6% 7 4 3* 65 7,
5
Cla® 225 225 40 305 225 225 28 6+ 11 5% 55* 7555 1

* *
61
5
Col® 1 55 1 4,5 1 1,5 2 - 0,5 - - - - -
Fus 14 85 135 14 7 20 10 16 13 8 5+ 11, 11 1
5 1
Per? - 4 - 05 25 05 35 05 05 - - - - -
Phd® - ] ) _ - - 6 2 - 05 - 05 2

* significant in qui-square test £0.05)
®Aspergillus spp.; @Cladosporium spp.®Colletotrichum de
phaseoli

It was shown
inhibited the growth oAspergillus flavusandA.
parasiticus at 0.2 ppm(Aziz et al, 1998).

that caffeic and vanillic acidsCoumarins extracted fromAmni
fungistatic
Colletotrichum capsicat concentration of 250-2000

matium®Fusarium spp.; ®Penicillium spp.; ©Phomopsis

majus were

to Phytophthora palmivora and
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ppm (Johri et al., 1992). Flavonoids are moressists penetration and perhaps attachment to the site
effective in inhibiting fungal mycelial and spore of action in the pathogen, while the functional group
growth. It was observed that naringeninbrings the desorganization, resulting in inhibition.
inhibited Pyricularia spore germination at 70 Compounds become more lipophilic by the
ppm (Padmavati et al1997). This compound methylation of hydroxil groups, which facilitates
also caused a significant lag Phytophthora their passage through the pathogen citoplasmic
sojae radial growth at concentrations of 60-membrane, and increase in the polarity of the
120uM and total inhibition at 240M, even with  inhibiting agent reduces its activity (Naim et, al
20-30% being partially metabolized (Rivera-1974). Yet, flavonoid distribution pattern is organ
Vargas et al., 1993). In soybean, isoflavonepecific and varies with developmental stages
aglycones genistein, daidzein and glycetein, an@Graham, 1991).

genistin, daidzin and glicetein glycosidesLower and higher concentrations than those tested in
showed good fungistatic activity at 0.005%this work were effective in controlling the growth of
(Naim et al., 1974). different plants and phytopathogens in several
SoybearPhytophthora sojaénteraction is one systems. But it seems to be confirmed the fact that
of the most studied relations in the investigatiothe compound concentration is not limiting to
of plant defense responses. It was demonstratéghibition, but contributes to it. Other factors must
that soybean cotyledons treated witlP.asojae be considered. In seeds, it is important to consider
wall glucan preparation (PWG) triggeredsize, integument permeability and the differential
glyceollin production in proximal cells and absorption of inhibitory compounds (Williams and
isoflavone conjugates in distal cells (GrahantHoagland, 1982). Seed-borne fungi introduced in
and Graham, 1996). Pathogen cell wall glucansoil develop with its micro-organisms relations of
may lead to the stimulation of otherantagonism, competition and parasitism and may
phenylpropanoid responses such as daidzemdter host predisposition or cause cross protection
production, but also light may trigger genistein(Menten and Bueno, 1987). Still, alike allelopathy,
formation (Graham and Graham, 1996). In avhich results from the combined action of many
minimal wound protocol, these authors wereallelochemicals (Rice, 1987), invading pathogens
able to observe reponses led by protein elicitorgarely encounter individual producté planta
originated from the injured soybean cotyledons(Rivera-Vargas et al1993).

such as phenolic polymer deposition andt is not simple to establish effective compound-
glyceollin production. It was also showed thatconcentration relationships in the growth inhibition
PWG enhanced these reponses. A non-specifif competing plants or invading micro-organisms.
glyceollin accumulation in soybean cotyledonsAttention must be given to the factors contributing
and hypocotyls was induced by severato such interactions. Biological chemical
carbohydrates isolated from Brewer's yeastinteractions are too complex phenomena to allow the
which showed comparable activity with aannoucement of suffiently broad and satisfying plant
Phytophthora megaspermsar. sojae elicitor defense mechanisms, but allows to understand
(Hahn and Albersheim, 1978). stratagies used in specific situations.

Isoflavones and isoflavonones do not show

remarkable fungicidal activity, whereas the

isoflavans are good inhibitors of mycelial ACKNOWLEDGEMENTS
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influenced byorto substitutions and methylation

(Reynolds, 1977). The lateral chain of molecule
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