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ABSTRACT

Environmental degradation caused by the excessigefipesticides has motivated studies aimed atiitevery of
new formulations for pest control. The bioassaysied out under laboratory conditions for the presestudy
involved the germination and seedling growth of tuaa sativa cv. Grand Rapids and Allium cepa cviaBa
Periforme treated with lecanoric acid or one of sevesters obtained from the alcoholysis of the .aEiaich
substance was tested at concentrations of, 110°, 107 M, and 10° M. The results revealed that, except for
lecanoric acid and methyl orsellinate, all othernggounds exhibited significant differences in tretion when
compared with the controls. Also, A. cepa was nsaesitive to the compounds assayed, at the comdtiemts
tested. Nearly all the esters exhibited significafiiects, a feature that could makes them promisargthe
development of new natural herbicides
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INTRODUCTION plants. Such metabolites have been the object of
studies, as part of the search for natural herégcid
The use of chemicals to fight the pests, thoughnd for a better understanding of their effects on
leading to higher productivity in a shorter time,cultivated areas, taking into account not only
has to be conducted in a careful manner, given trecological aspects, but also economical ones
range of risks posed by this practice — includindEinhellig, 1995).
contamination of aquifers by infiltration and Random screening is a valuable practice that can
pesticide leakage; development of insect and wegttovide guidance in the search for new compounds
resistance brought about by biochemicalwith herbicidal activity (Cobb, 1992). The study of
morphological, and physiological changesithe germinative behavior of plant species
environmental degradation; and diseases causedssfbmitted to the action of allelochemicals involves
triggered by exposure to these products (Coutinhdhe use of bioassays, making it possible to evaluat
1996 in Silva Cruz et al., (2000). the allelopathic potential of the species under
Plants produce secondary metabolites, many dfivestigation and to follow up their biological
which influence growth and distribution of otherresponse during the stages of extraction,
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fractioning, purification, and identification (Psre germination and seedling growth lodictuca sativa

et al., 1998). cv. Grand Rapids (Asteraceae, Dicotyledoneae)
Substances such as alkaloids, anthraquinonesnd Allium cepacv. Baia Periforme (Liliaceae,
flavonoids, terpenes - monoterpenesMonocotyledoneae). Each of the eight substances

sesquiterpenes  and  triterpenes;  quinonesyas assayed at the concentrations of, 10°, 10
coumarins, benzoic acid derivatives among otherd, and 10 M, in order to gather data that could
are examples of allelochemicals agent isolatedontribute to the definition of criteria for the
from several plant species. Many secondarproduction of natural pesticides.

compounds of plants, microorganisms and lichens

are known to be toxic to insect, microbes and other

organisms. Many of these compounds have beadATERIALS AND METHODS

used successfully, either in their natural or a

modified form, as inseticides, fungicides and.ichen material

herbicides (Duke and Abbas, 1995). Phenoli¢armotrema tinctorunfNyl.) Hale (Parmeliaceae)
substances are included in this group and apas collected in March 1999 in the municipality of
example is the herbicide “Letharal” - phytotoxic Aquidauana, Mato Grosso do Sul, Brazil, and was
fraction ofLethariella canariensisThis fraction is identified by Dr. Mariana Fleig. A voucher

a mixture of twelve phenolic substances and thepecimen has been deposited (no. 0488) at the
most part of them are substituted monophenolgerbarium of the Chemistry Department of
(Marante et al., 2003). Universidade Federal de Mato Grosso do Sul at
Orsellinic andB-methyl orsellinic acids and 4-O- Campo Grande.

methyl derivatives exhibit growth inhibitory Extraction and isolation. Preparation of lecanoric
activity on lettuce seedling (Nishitoba andacid (1): The dry lichen material (65.5 g) was
Nishimura, 1987). Derivatives from the phenolicpowdered and then Soxhlet-extracted with
substances obtained through the structurahloroform and acetone. The acetone extract was
modification of natural products, wereevaluated asvaporated in vacuo and the residue was dissolved
antimicrobial, allelopathic and antitumoral agentswith ethyl ether and 5% sodium bicarbonate. Upon
Among these compounds, orsellinates weré&reatment of the aqueous extract with 0.1-N
prepared through alcoholysis reactions of lecanorisulfuric acid, lecanoric acid (9.25 g) was
acid — the main constituent of the lichenprecipitated and dried (Ahmann and Mathey,
Parmotrema  tinctorum (Nyl) Hale. The 1967).

homologous series of methyl orsellinate - pentyl

orsellinate and compounds with ramified chains Preparation of the derivatives

iso-propyl, secbutyl and terc-butyl orsellinates Compound 1(200 mg) was treated with its
showed a potential activity againStadosporium corresponding alcohol (50 mL) and the mixture
sphaerospermum(Gomes et al., 2002). Thesewas refluxed for 20 h (Bachelor et al., 1979). Afte
compounds were tested also against Gram-positiveyaporation of the alcohol under reduced pressure,
and Gram-negative bacteriaStaphylococcus the reaction products were chromatographed using
aureus Xanthomonas campestrigr. vesicatoria a silica gel column and eluted with chloroform to
and Ralstonia solanacearumvere most sensitive Yyield seven 2,4-dihydroxy-6-methyl benzoates (2-
to n-propyl orsellinaten-pentyl orsellinate and-  8), (yields 49.0 to 74.0%).The structures were
hexyl orsellinate (Gomes et al., 2003). confirmed by spectroscopic methods (1R, (300

The purpose of the present study was to evaluat¥lHz), *C (75 MHz) NMR, and MS) and
under laboratory conditions, the allelopathiccompared with the literature data (Huneck and
potential of lecanoric acid and orsellinates on the Yoshimura, 1996).
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Figure 1 - Structures of the compounds assayed.

Bioassays

1.0 mL test solution, Tween 80 (1Q@/mL, 1.5
four

Commercially available seeds dfctuca sativa mL), light, 15 °C, replicates of each
cv. Grand Rapids andillium cepa cv. Baia concentration (Brasil, 1992). The compounds were
Periforme were used. All undersized and damagedissolved in acetone at £/ (stock solution) and
seeds were preselected for size uniformity. Thehose at 18, 107, and 10°M were obtained by
germination and growth bioassays were conductedilution. The test solution was applied on theefilt

as follows:L. sativg 50 seeds per dish, 1mL testpaper disk and then the solvent was evaporated.
solution, Tween 80 (10Ag/mL, 1.5 mL), light, 25 Studies with acetone and Tween 80 parallel
°C, in Petri dishes (6 cm) containing a 5.5 cm sheeontrols were performed. To evaluate the seed
of Whatman no. 1 filter paper disk, four replicateeemergence, readings were taken on a daily basis
of each concentratios. cepa 50 seeds per dish, and after three days, the root and shoot lengths of
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germinated seeds were measured, in accordangesellinate (7) had a significant action only at¢ th
with Leather and Einhellig (1986). The samehighest concentration. Several reports are found in
procedure was applied to the controls. the literature on the germination- and growth-
regulating activity displayed by compounds
Statistical treatment isolated from lichens. The first attempt to
The germination assay values were submitted tdetermine the allelopathic potential of lichen
the Kruskal-Wallis multiple-comparison compounds in lichen—lichen interactions made use
nonparametric test, since the data did not exhibdaf germination as an indicator of this potential
homogeneity of variance. Because the value@dawrey, 1995).
obtained from the growth assays at the variou¥ables 1 and 2 and Fig. 2 also show the results of
concentrations met the assumptions of variandde radicle-growth bioassays. In sativa radicle
normality and homogeneity, they were submittedjrowth was significantly inhibited by orsellinates
to ANOVA, in order to verify the occurrence of at most of the concentrations tested, with the
significant differences. To perform a multiple- exception of methyl orsellinate (2). & cepa all
comparison analysis of length mean values at ththe orsellinates significantly (p < 0.05) inhibited
various concentrations in relation to controls, theadicle growth. In both the plant species,
Dunnett test was applied. For all statistical teats significant inhibition by lecanoric acid occurretd a
significance level ofx = 5% was adopted. Results all three lower concentrations tested, but nohat t
are presented as percentage differences frohighest one.
control. Zero represents control, positive valuedhe growth ofL. sativahypocotyls (Table 1; Fig.
represent stimulation, and negative value®) was significantly inhibited by lecanoric acid (1
represent inhibition. at every concentration tested, but not by methyl (2
andn-butyl orsellinates (6). Ethyl (3) andpropyl
(4) orsellinates caused significant inhibition fa t
concentrations of TOM and 10°M, whereasso-
propyl orsellinate (5) did so at 70 only ands-
Tables 1 and 2 and Fig. 2 show the results of theutyl (7) and-butyl orsellinates (8) at &M only.
germination bioassays. Neither lecanoric acid ndPn the other hand, orsellinates 3-8 had a
its derivatives influenced the germination bf significant inhibiting action om. cepacoleoptyls.
sativain a significant manner (p > 0.05) at any ofColeoptyl inhibition by methyl orsellinate (2) was
the concentrations teste®n the other hand, significant, except at ID M; inhibition by
derivatives 3-6 significantly (p > 0.05) influencedlecanoric acid (1) was significant, except at°10
the germination of A. cepa, thoughsbutyl M.

RESULTS AND DISCUSSION

Table 1 - Germination and growth of seeds lodictuca sativatreated with lecanoric acid (1) and seven of its
derivatives (2-8), as compared with untreated cdsitr
Germination (%; mean + SD) Root length (mm; meant SD)

Shoot length (mm; meant SD)

Contr. 10°M 10°M 10°™M 10°M Cont. 10°M 10°M 10°M 10°M Contr. 10°M 10°M 10'M 10°M
1 48.3+ 48.3+ 48.8°+ 49.35+ 49.3°+ 29.6+ 30.1"+ 28.3*% 26.4*+ 25.4*+ 16.9+ 14.9*+ 14.4*+ 14.5*+ 155*+
096 050 126 096 0.96 0.22 070 041 057 0.84 0.82 077 0.39 043 049
2 50.0+ 48.8°+ 49.3°+ 49.3%+ 49.8°+ 30.8+ 27.8°+ 26.6°+ 28.0°+ 27.1"+ 17.3+ 19.1™+ 18.0°+ 18.0°+ 17,2+
0.00 129 050 0.96 0.50 224 087 0.74 256 3.64 1.00 038 068 1.19 210
3 50.0+ 49.3%+ 49.85+ 49.55% 49.3°+  30.8+ 23.9*+ 23.7*+ 23.7*+ 23.3*+ 17.3x 16.0°+ 16.0°% 15.2*+ 150*+
000 096 050 058 0.96 224 313 314 1.09 0.54 1.00 137 121 0.77 0,60
4 50.0+ 50.0°t 50.0°+ 50.0°+ 50.0°+ 30.8+ 23.5*% 23.3*+ 23.6*+ 23.6*+ 17.3+ 16.2°+ 16.7°% 15.7*+ 154*+
0.00 0.00 0.00 0.00 0.00 224 217 126 0.92 1.28 1.00 052 034 062 051
5 50.0& 49.0°+ 50.0°% 49.5°% 49.9°+ 30.8+ 23.5*+ 26.4°+ 22.8*+ 27.5°+ 17.3% 1585+ 17.1"+ 15.4* +17,4™+
0.00 115 0.00 1.00 0.58 224 259 175 0.96 2.89 1.00 091 1.16 0.72 0,35
6 50.0& 49.3%+ 49.5°+ 50.0°+ 49.5°+ 30.8+ 28.0°+ 27.6°+ 24.9*+ 23.8*+ 17.3+ 18.0°+ 17.3°+ 16.5°+ 16,3+
000 096 058 0.00 1.00 224 199 274 1.26 0.94 1.00 125 1.32 066 1,17
7 50.0& 49.3%+ 49.5°+ 49.3°+ 49.8°+ 30.8+ 23.2*+ 24.6%*+ 25.1*+ 24.4*+ 17.3+ 14.6*+ 18.4°+ 16.4°+ 17,2+
000 096 058 096 0.50 224 144 226 235 1.35 1.00 026 151 0.82 1,21
8 50.0& 49.8%+ 49.5°+ 50.0°+ 49.8°+ 30.8+ 23.1*+ 23.6%*+ 23.9*+ 24.3*+ 17.3+ 15.6*+ 16.5°+ 16.0°+ 16,9+
0.00 1.00 058 0.00 0.0 224 056 0.75 1.42 2.05 1.00 076 071 049 0,38

"SMean values not significantly different from cais;” Mean values significantly different from controls.
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Figure 2 - Effect of compound4-8 on germination and seedling growthlafctuca sativa(left)
andAllium cepa(right).
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Table 2 -Germination and growth of seedsAifium cepatreated with lecanoric acid)and seven of its
derivatives 2-8), as compared with untreated controls.

Germination (%; mean £ SD) Root length (mm; meant SD) Shoot length (mm; meant SD)
Cont. 10°™M 10°M 10°M 10°M Contr. 10°M 10°M 10°M 10°M Contr. 10°M 10°M 10°M 10°M
1 48.0 48.0' 48.0° 47.8° 485" 8.5 8.6* 8.4* 7.4% 7.1* 10.9 10.3° 10.0* 9.0* 9.0*
+0.96 082 +0.00 £0.85 *0.95 +0.38 *050 054 +041 050 +0.39 x0.24 £0.22 *0.48 *£0.55
2 450 418 43.8° 428° 44.8° 8.7 7.1* 7.3* 7.3* 7.1* 12.4  9.8* 10.7° 10.4* 10.2%
+141 £342 =250 =100 *0.96 +0.71 £0.19 *087 *032 *042 =136 =114 £0.38 *046 0.62
3 463 358 38.3* 345* 353* 87 62* 6.4* 65 6.6 124 7.7+ 83* 85* 7.8*
+050 £263 +1.89 *£238 263 +0.71 044 017 010 032 =136 +x0.38 £0.52 *0.59 £0.71
4 450 288 37.00 37.5* 35.0* 87 6.1* 63* 64* 6.5* 124 7.7+ 80* 84* 8.1*
+1.41 +310 +294 +443 +271 +071 +0.31 £0.10 +0.22 +0.18 +1.36 +0.84 +0.78 +0.43 +0.55
5 463 34.0%* 38.0* 37.3* 36.0* 87 63* 67 63 6.7* 124 7.7+ 80* 84* 8.1*
+050 +424 +356 +287 +424 +071 +0.41 +£0.27 +024 +026 +1.36 +0.64 +0.95 +0.10 +0.17
6 450 31.5* 35.0* 36.5* 38.0* 8.7 6.6* 6.6* 6.3* 6.4* 124 7.7* 8.0* 8.4* 8.1*
+141 +238 +294 +191 +183 +071 +0.21 +0.14 +021 +013 +136 +0.84 +0.78 +0.43 +0.55
7 45.0 38.0* 43.5°+ 41.5° 415° 8.7 6.6* 6.2* 6.3* 6.5* 124 8.6* 8.2* 9.3* 9.0*
+141 x141 238 x£3.70 =5.00 +0.71 *0.18 *0.33 *0.10 *0.13 +1.36 +*0.67 *£0.13 *0.48 *0.33
8 450 39.3° 45.0° 448° 448 8.7 6.2* 6.7* 6.6* 6.8* 124 8.0* 8.5* 9.2 9.1*

+141 £4.03 +3.65 *£4.12 +0.50 +0.71 +£038 +0.66 *+0.29 +037 +136 +0.62 +0.33 *0.51 +£0.40
"SMean values not significantly different from cais;” Mean values significantly different from controls.

Similar results were observed by Macias et a(1992). According to Ferreira and Aquila (2000),
(1996) in bioassays with sesquiterpene lactoneadicle elongation is a much more sensitive
that inhibitedL. sativaradicles and hypocotyls at indicator of potentially allelopathic agents than
the lower concentrations tested. Withseed germination is.

allelochemicals, significant activities might notThe chemical structure of the compounds
occur at higher concentrations (Macias et algvaluated does play a role in their activity
2000). This was also observed in assays witfNishitoba and Nishimura, 1987 In fact, an
several concentrations of D-usnic acid andncrease in the number of carbon atoms in the ester
Pisolithus tinctorius fungus inhibition required chain of orsellinates 3-8 was reflected in improved
the 10- to 50-mg/L series of the acid, whereas nactivity. However, in assays of methyl orsellinate
significant differences in growth were observed af2) on Amaranthus hypochondriacus
100 mg/L (Goldner et al., 1986 (Amaranthaceae) andEchinochloa crusgalli
Although lichens are capable of inhibiting both thegPoaceae), significant inhibition was observed
germination and growth of certain organisms, théoth in germination and radicle growth (Rojas et
particular combination of species and inhibitingal., 2000.

concentrations may be rather well-definedSome indirect evidence suggest that the chemical
(Kershaw, 1985 in Lawrey, (1995); Lawrey, 1984nature of secondary metabolites correlates with the
in Lawrey, (1995). Field observations havecompetitive ability of lichens (Rogers, 2000).
revealed that crustose lichens inhibit the growith i The results of the present potential allelopathic
bryophytes and vascular epiphytes. Experimentactivity bioassays showed that lecanoric acid (1)
for investigating the action of extracts of theand its seven derivatives investigated (2-8) did no
lichensCryptothecasp. andPertusariasp. on the influenced the germination of. sativa in a
germination of the mossdSeratodon purpureus significant manner (Table 1, Fig. 2), although
andFunaria hygrometricaand of seeds ofriesea orsellinates 3-6 significantly influence the
splendens(Bromeliaceae) andlepidium sativum germination ofA. cepa(Table 2, Fig. 2). AlsoA.
(Brassicaceae) showed that the extracts werepamore sensitive to the compounds assayed, at
capable of inhibiting the germination both ofany of the four concentrations tested. Nearly all
spores and see@@rahm et al., 2000 the esters evaluated exhibited significant effemts,
In the present investigation, the effects offeature that could make them potentially
lecanoric acid (1) and orsellinates (2-8) on theromising for the development of new natural
germination ofL. sativa and A. cepa were less herbicides.

pronounced than those on the growth of radicleAlthough the present experiments did not elucidate
and hypocotyls/coleoptyls of these species, whicthe model of action of lecanoric acid and
corroborate the results obtained by Wardle et abrsellinates, it was evident that these molecules
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