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Abstract 

The n-hexane-, acetone- and water-soluble fractions obtained 
from an aqueous acetone extract of lemon balm (Melissa of- 
ficinalis L.) shoots inhibited the germination and the growth of 
roots and shoots of cockscomb (Amaranthus caudatus L), 
cress (Lepidium sativum L.), crabgrass (Dig#aria sanguinalis 
L.), timothy (Phleum pratense L.), lettuce (Lactuca sativa L.) 
and ryegrass (Lolium multiflorum Lain.). The inhibitory activ- 
ity of the water-soluble fraction was the greatest, tbllowed by 
that of acetone- and n-hexane-soluble fractions in all bioas- 
says. The effectiveness of these fractions on the roots was 
greater than that of the shoots of the test plants. Significant re- 
ductions in the germination and growth of the roots and shoots 
were observed as the extract concentration increased. Such 
rate-dependent responses of the test plants to the fractions sug- 
gest that each traction might contain allelochemical(s), but that 
the greatest potential was in the water-soluble fraction. 

List of  abbreviations: 125 = doses required for 25 % 
inhibition 

Introduction 

Agricultural weed control alternatives to the pres- 
ent commercial herbicide dominated programs are 
now being given wide considerations (Duke 1986, 
Einhellig 1996). Many investigators attempted to 

exploit allelopathy as a weed control strategy (Rice 
1984, Putnam 1988). Promising results were ob- 
tained by selecting for allelopathic crop types, us- 
ing allelophathic companion plants or rotational 
crops, or by searching for natural product as herbi- 
cides from both higher plants and microbes (Rice 
1984, Seigler 1996). 

Allelopathy occurs widely in natural plant commu- 
nities and regulates the density and distribution of 
species. Chemicals with allelopathic activity are 
also present in many plants and in many organs, in- 
cluding leaves, flowers, fruits, and buds (Putnam 
and Tang 1986, May and Ash 1990, Mahall  and 
Callaway 1991, Inderjit 1996). The release of alle- 
lopathic chemicals may occur by exudation from 
living roots or occur upon their death and decay 
(Bhowmik and Doll 1982, Putnam 1988, Inderjit 
and Dakshini 1992, Yu and Matsui 1997). 

Evidence  for allelopathy accumulated in the litera- 
ture over many years and many kinds of  alle- 
lochemicals were isolated and characterized from 
various plants (Bell 1981, Duke 1986, Putnam 
1988, Gross and Parthier 1994, Seigler 1996). 
Lemon balm (Melissa officinalis L.) is widely used 
as aromatic, culinary and medicinal herb and much 
research was conducted to evaluate the pharmacol- 

49 



H. KATO-NOGUCHI 

ogical effects of the plants (e.g. Van den Berg et al. 
1997, Tagashira and Ohtake 1998). However, inlbr- 
mation about the allelopathic potential of the plants 
is limited. In this paper, the assessment of the possi- 
ble allelopathic potential of an aqueous acetone ex- 
tract obtained from lemon balm shoots was deter- 
mined under laboratory conditions. 

Materials and methods 

Plant material and extraction 

Shoots of lemon balm (Melissa officinalis L.) were 
washed thoroughly with tap water and rinsed with 
distilled water. After blotting dry with filter paper 
(No 1; Toyo, Tokyo), the shoots (1 kg fresh weight) 
were homogenized in 5 L of 70 % (v/v) cold aque- 
ous acetone and the homogenate was filtered 
through filter paper (No. 1). The residue was ho- 
mogenized again with 5 L of 50 % (v/v) cold aque- 
ous acetone, and filtered. The two filtrates were 
combined and evaporated at 35 °C in vacuo. The 
concentrate was divided into n-hexane-soluble, 
acetone-soluble and water-soluble fractions using 
500-mL solutions of n-hexane, acetone and dis- 
tilled watcr, rcspcctivcly, and thc fractions wcrc 
evaporated to dryness. 

Bioassay for seed germination 

The residues of n-hexane- (3.4 g), acetone- (2.7 g) 
and water-soluble (5.2 g) fractions were dissolved 
in a small volume ofn-hexane, acetone and distilled 
water, respectively. Each of the solution was added 
to a sheet of filter paper (No. 2; Toyo) in a 9-cm 
Petri dish and dried. The filter paper in the Petri dish 
was moistened with 10 mL of 3 mM potassium- 
citrate buffer (pH 7.0) containing 0.05 % (v/v) 
Tween 20. The concentrations of the residues of 
each fraction in the bioassay were 0, 0.01,0.03, 0.1, 
0.3 and 1 mg.mL -1. 

Seeds of cockscomb (Amaranthus caudatus L.), 
cress (Lepidium sativum L.), crabgrass (Digitaria 
sanguinalis L.), timothy (Phleum pratense L.), let- 
tuce (Lactuca sativa L.) and ryegrass (Lolium mul- 
tiflorum Lain.) were sterilized in a 2 % (w/v) solu- 
tion of sodium hypochrorite for 15 rain, and rinsed 
in distilled water 4 times. Fifty seeds of  each plants 
were sown on the filter paper in the Petri dishes and 

allowed to germinate in the dark at 25 °C for 2 days 
(cress, lettuce, ryegrass and timothy) or 3 days 
(cockscomb and crabgrass). Then, the percentage 
of germination was calculated by reference to the 
germination of  control seeds. Control seeds were 
treated with plain solution without residue. 

Bioassay for seedling growth 

The residues of n-hexane-, acetone- and water- 
soluble fractions were dissolved and added to a 
sheet of filter paper in a Petri dish and the filter pa- 
per was moistened with 10 mL of 3 mM potassium- 
citrate buffer (pH 7.0) containing 0.05 % (v/v) 
Tween 20 as described above. After sterilization 
and germination in the dark at 25 °C for 2 or 3 days, 
50 uniform germinated seeds of cockscomb, cress, 
crabgrass, timothy, lettuce and ryegrass, respec- 
tively, were arranged on the filter paper in the Petri 
dishes, and allowed to grow in the dark at 25 °C for 2 
days (cress, lettuce and ryegrass) or 3 days (crab- 
grass, cockscomb and timothy). The shoot and root 
lengths of the seedlings were then measured with a 
ruler, and the percentage length of seedlings was 
calculated by reference to the length of control 
plants. Control seedlings were treated with plain 
solution without residue. 

Results and discussion 

Effects of n-hexane-, acetone- and water-soluble 
fractions obtained from an aqueous acetone extract 
of lemon balm shoots on germination of lettuce 
were determined (Figure). Water-, acetone- and n- 
hexane-soluble fractions inhibited the germination 
at concentrations greater than 0.03, 0.1 and 0.3 
mg.mL -1, respectively. When the percentage ger- 
mination rate was plotted against the logarithm of 
the doses, the dose-response curves of n-hexane-, 
acetone- and water-soluble fractions were linear 
between 10 to 30 %, 10 to 50 % and 10 to 80 % inhi- 
bition, respectively. The activity of n-hexane- and 
acetone-soluble fractions were weak and complete 
dose-response curves were obtained only with 
water-soluble fraction. 

The doses required for 25 % inhibition in the assay 
(defined as 125) were 0.49, 0.13 and 0.041 mg.mL -1 
for n-hexane-, acetone- and water-soluble frac- 
tions, respectively, as interpolated from the dose- 
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Figure. Effects of n-hexane-, acetone- and water-soluble tractions obtained from shoot extract of lemon balm on germination of let- 
tuce seeds. Means+SE from five replicate experiments with 50 plants each are shown. Germination of the seeds was determined af- 
ter 2 days of incubation in the dark at 25 °C. Germination rate of control plants was 87.4+_7.4 %. 

response curves (Figure). 150 values of acetone- 
and water-soluble fractions were 0.83 and 0.14 
mg.mL -1, respectively, whereas I50 value of n- 
hexane-soluble fraction could not interpolate on its 
dose-response curve because of its weak effective- 
ness. Comparing I25 values, the inhibitory activity 
of water-soluble fraction was 12- and 3.2-fold 
greater than that of n-hexane- and acetone-soluble 
fractions, respectively. 

The effects of these fractions on seed germination 
of cockscomb, cress, crabgrass, timothy and rye- 
grass were determined at the concentrations of 0, 
0.01, 0.03, 0.1.0.3 and 1 mg.mL -1 inthe bioassays, 
and 125 values were determined as described above 
(Table 1). In all bioassays, I25 values of water- 
soluble fraction were smallest, followed in order by 
those of acetone- and n-hexane-soluble fractions, 
which indicates that water-soluble fraction caused 
the greatest inhibition of seed germination, fol- 

lowed in order by acetone- and n-hexane-soluble 
fraction. 

The  effects of n-hexane-, acetone- and water- 
soluble fractions on root and shoot growth of cocks- 
comb, cress, lettuce, crabgrass, timothy and rye- 
grass were determined at the concentrations of 0, 
0.01, 0.03, 0.1, 0.3 and I mg.mL -1 in the bioassays, 
and I25 values were determined (Table 2 and 3). In 
all bioassays, 125 values of water-soluble fraction 
were smallest, followed in order by these of ace- 
tone- and n-hexane-soluble fractions. The effec- 
tiveness of these fractions on the roots of the test 
plants apparently was greater than that on the 
shoots of the same plants. These results indicate 
that these fractions were more effective on the roots 
of the test plants than on the shoots of the same 
plants, and inhibitory activity of  water-soluble frac- 
tion caused the greatest inhibition of growth of the 
plants, lbllowed in order by acetone- and n-hexane- 
soluble fraction. Osmotic potential of the test solu- 
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Table 1. I25 values of n-hexane-, acetone- and water-soluble fractions obtained from shoot extract of lemon balm for seed germina- 
tion of test plants. Germination of the seeds was determined after 2 or 3 days of incubation in the dark at 25 °C. After drawing the 
dose response curves, I25 value in each bioassay was determined as described in the text. Means_+SE from five replicate experi- 
ments with 50 plants each are shown. 

Test plant I25 (mg'mL -t) Control plant germina- 
tion % 

Hexane-soluble Acetone-soluble Water-soluble 

Amaranthus caudatus 0.24_+0.02 0.13+0.01 0,034_+0.003 74.3_+7.4 

Lepidium sativum 0.67_+0.05 0.28_+0.02 0,067--,-0.005 90.5+.6.8 

Digitaria sanguinalis 0.46_+0.04 0.19_+0.02 0,053_+0.004 74.7_+9.7 

Phleum pratense 0.65_+0.04 0,24-+0.02 0.048_+0.005 79.4_+9.7 

Lolium multiflorum 0.64-+0.05 0.27_+0.03 0.062+.0.007 77.2_+9.8 

Table 2. 125 values of n-hexane-, acetone- and water-soluble fractions obtained from shoot extract of lemon balm for root growth of 
test plants. Root length of the test plants was determined after 2 or 3 days of incubation in the dark at 25 °C. I25 value in each bioassay 
was determined as described in the text. Means_+SE from five replicate experiments with 50 plants each are shown. 

Test plant I25 (mg.mL 1) Control plant root 

Hexane-soluble Acetone-soluble Water-soluble length (mm) 

Amaranthus caudatus 0.22_-+0.02 0.034_+0.003 0.015---'i-0.001 17.4+.1.1 

Lepidium sativum 0.17_+0.01 0.035_+0.002 0.017-+0.001 23.3+.1.7 

Lactuca sativa 0.23_+0.02 0.047_+0.005 0.021+0.002 19.4_+1.6 

Digitaria sanguinalis 0.31+.0.02 0.053_+0.004 0.016_+0.002 22.3+.2.1 

Phleum pratense 0.27-+0.03 0.062_+0.1)06 0.034_+0.003 21.7+. 1.7 

Lolium multifTorum 0.21 +.0.02 0.043_+0.005 0.041_+0.004 24.5_+2.1 

Table 3. I25 values of n-hexane-, acetone- and water-soluble fractions obtained from shoot extract of lemon balm for shoot growth 
of test plants. Shoot length of the test plants was determined after 2 or 3 days of incubation in the dark at 25 °C. I25 value in each bio- 
assay was determined as described in the text. Means_+SE from five replicate experiments with 50 plants each are shown. 

Test plant I25 (mg.mL 1) Control plant shoot 

Hexane-soluble Acetone-soluble Water-soluble length (mm) 

Amaranthus caudatus 0.74_-_+0.06 0.12_+0.01 0.068+.0.005 9.2_+0.7 

Lepidinm sativum 0.67+.0.05 0. i7+_0.02 0.047+.0.004 14.2_+1,1 

Lactuca sativa 0.84_-_~0.07 0.25_-+0.02 0.049_+0.004 13.3+.0.9 

Digitaria sanguinalis 0.78_+0.05 0.24_+0.02 0.051_+0.005 12.4_+1.0 

Phleum pratense 0,87_+0.07 0.41+0.04 0.091_--'-0.007 14.1_+1.2 

Lolium mult(f7orum 0.97-+0.09 0.36-+0.03 0.087_+0.008 14.7+.1.3 

tions did not significantly affect germination, root 
growth and shoot growth of the test plants in the 
bioassays (data not shown). 

n-Hexane-, acetone- and water-soluble fractions 
obtained from an extract of lemon balm shoots in- 
hibited the seed germination and the growth of 
roots and shoots of the test plants. However, water- 
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soluble fraction caused the greatest inhibition, fol- 
lowed in order by acetone- and n-hexane-soluble 
fractions in all bioassay (Figure, Table 1-3). Sig- 
nificant reductions in the germination were ob- 
served as the extract concentration increased. The 
results are in agreement with previous investiga- 
tions in that the activity of either water-extracts or 
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weed residues was directly related to the concentra- 
tion of  the residue rates (Caussanel 1979, Chung 
and Miller 1995, Babu and Kandasamy 1997, Hu 
and Jones 1997). Such rate-dependent responses of  
the test plants to the fractions suggest that each frac- 
tion separated from the extract of  lemon balm might 
contain allelochemical(s),  that allelathic potential 
of  the water-soluble fraction was the greatest and 
that this fraction may contain the most active alle- 
lochemical(s). The present research suggests that 
residue or aqueous extract of  lemon balm may be 
useful for weed management  and identification of  
active components  are necessary. 

References  

Bahu R.C., Kandasamy O.S. 1997. Allelopathic effect 
of Eucalyptus globtdus Labill. on Cyperus rotundus L. 
and Cynodon dactylon L. Pers. J. Agron. Crop Sci. 179: 
123-126. 

Bell A.B. 1981. Biochemical mechanisms of disease re- 
sistance. Annu. Rev. P/ant Physiol. 32: 21-81. 

Bhowmik P.C., Doll J.D. 1982. Corn and soybean re- 
sponse to allelopathic effects of weed and crop residues. 
Agron. J. 74: 601-606. 

Caussanel J.P. 1979. Non-competitive effects between 
lamb's quarters (Chenopodium album L.) and maize 
(INRA 258). Weed Res. 19: 123-135. 

Chung I.M., Miller D.A. 1995. Natural herbicide po- 
tential and alfalfa residue on selected weed species. 
Agron. J. 87: 920-925. 

Duke S.O. 1986. Naturally occurring chemical com- 
pounds as herbicides. Rev. Weed Sci. 2: 17-65. 

Einhellig F.A. 1996. Interactions involving allelopathy 
in cropping systems. Agron. J. 88: 886-893. 

Gross D., Parthier B. 1994. Novel natural substances 
acting in plant growth regulation. J. Plant Growth. 
Regul. 13: 93-114. 

Hu F.D., Jones R.J. 1997. Effects of plant extracts of 
Bothriochloa pertusa and Urochloa mosambicensis on 
seed germination and seedling growth of Stylosanthes 
hamata cv. Verano and Stylosanthes scabra cv. Seca. 
Aust. J. Agric. Res. 48: 1257-1264. 

Inderjit. 1996. Plant phenolics in allelopathy. Bot. Rev. 
62:186-202. 

Inderjit., Dakshini K.M.M. 1992. Formation 7-0- 
glucoside (ononin), an additional growth inhibitor in 
soils associated with the weed, Pluchea lanceolata (DC) 
C.B. Clarke (Asteraceae). J. Chem. Ecol. 18: 713-718. 

Mahall B.E., Callaway R.M. 1991. Root communica- 
tion among desert shrubs. Proc. Natl. Acad. Sci. USA 88: 
874-876. 

May F.E., Ash J.E. 1990. An assessment of the allelo- 
pathic potential of Eucalyptus. Aust. J. Bot. 38: 245-254. 

Putnam A.R. 1988. Allelochemicals from plants as her- 
bicides. Weed Technol. 2:510-518. 

Putnam A.R., Tang C. 1986. The Science of Allelopa- 
thy. John Wiley and Sons, New York. 

Rice E.L. 1984. Allelopathy, 2nd ed. Academic Press, 
Orlando, Florida. 

Seigler D.S. 1996. Chemistry and mechanisms of allelo- 
pathic interactions. Agron. J. 88: 876-885. 

Tagashira M., Ohtake Y. 1998. A new antioxidative 
1,3-benzodioxole from Melissa officinalis. Planta Med. 
64: 555-558. 

Van den Berg T., Freundl E., Czygan F.C. 1997. 
Melissa officinalis subsp, altissima: Characteristics of a 
possible adulteration of lemon balm. Pharmazie 52: 802- 
808. 

Yu J.Q., Matsui Y. 1997. Effects of root exudates of cu- 
cumber (Cucumis sativus) and allelochemicals on ion 
uptake by cucumber seedlings. J. Chem. Ecol. 12: 817- 
827. 

Received November 29, 1999; accepted October 23, 2000 

53 


