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Abstract 

A series of the studies conducted through the laboratory bioassays and field tests to search 

for allelopathic plants indicated that among the 70 plant species tested, velvetbean 

(Mucuna pririens var. utilis) was the most promising candidate. It is recognized that velvetbean, 

which is a tropical legume grown for green manure, has a special ability to smother weeds. 

The studies placed emphasis on evaluation of all el opathic properties of velvetbean. The fie! d test 

showed the smallest weed population in the velvetbean stand plots as compared with the stand 

plots of tomato, eggplant, upland rice and fallow conditions. By means ofHPLC and bioassay 

on germ in ati on and seeding growth tests, the substance inhibiting pl ant growth was identified 

as L -3,4-dihydroxyphenylalanine (L-DOPA). L-DOPAis a well-known substance 

biologically active in animal physiology, such as a precursor of neurotransmitter dopamine, 

and an intermediate of many alkaroids. The present studies revealed that L-DOPA contained 

in a large amount (about 1% of the fresh weight in leaves and roots of velevetbean) inhibited 

the growth of some companion plants, and that it probably contributed to its allelopathy. 

L-DOPA suppressed the growth of some broad leaf weeds, while little effect was observed 

on gramineous plants. In addition to its effectiveness as a green manure, velvetbean could 

be utilized as an allelopathic crop to control weeds. 

Discipline: Soils, fertilizers and plant nutrition/Weed control 
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Introduction 

Velvetbean (Mucuna pruriens (L.) DC. var . utilis 

or Stizofobium deeringianum Piper et Tracy, a syn­

onym but now not recommended for use) is a tropi­

cal legume, grown generally for green manure and 

mixed culture. It is recognized that velvetbean in­

creases the yield of its companion gramineous crops 

and that it smothers the growth of harmful weeds 

such as nutsedge (Cyperus spp.) and a lang-alang 

(lmperata cyfindrica )2°·281
• A series of experiments 

have been undertaken with bioassay for the purpose 

of screening allelopathic plants with special empha­

sis placed on chemical interactions among them. The 

results of those experiments indicated that velvetbean 

was the most promising candidate crop10
•
16>. A field 

test showed that the velvetbean stands minimized a 

size of weed population as compared with those of 

tomato, eggplant, upland rice and fallow8•
15>. 

The genus Mucuna consists of I 00-200 species 

growing in the tropics and subtropics29·33>. There 

are two subgenera in Mucuna: one is Mucuna which 

is perennial and woody, and the other is Stizofobium 

which is annual or biennial and herbaceous. Culti­

vars belong to Stizofobium, the total plants of which 

are utilized for green manure and/or cover crop, their 

leaves for fodder, their grains for food and seeds, 

and their stems for medicine in Africa and China321 • 

Grain yield reaches as high as 1.5- 2.0 t/ ha, and fresh 

leaves and stems weigh 20-30 t/ha, indicating that 

velvetbean is one of the most productive crops in 



the world. If the physiological mechanism of its al­

lelopathic activities are identified, the use of velvet­

bean could be further developed: cultivation in 

larger areas in the tropics, and greater utilization as 

green manure and/or weed-control crops. Ttile 

present paper attempts to review the results of the 

studies on allelopathic activities of Mucuna pr11riens 

and its association witJ1 allelopathic chemicals. 

Materials and methods 

(I) Survey on allelopathic plants9· 10· 16
> 

Approximately 70 plant species were tested on their 

allelopathy wi th a Richards' function method26>, 

which proved 10 be suited to germination tests of 

lettuce and some weed plants19>. In order to des­

troy the enzymes which degradate some constiLUents 

of a plant, and to minimize changes of the organic 

chemicals contained, the leaves, stems and roots were 

dried at 60°C for 24 hr. One hundred mg of the 

dried samples each was extracted with IO m/ of 

water. Extraction mixtures were sonicated for 60 sec 

to complete the migration of chemicals. The extracts 

was filtered with Whatman No. 4 filter papers. Ten 

lettuce seeds were placed in 4.5 cm-diameter petri 

dishes containing 0.5 ml of test solution on What­

man No. I filter papers. Those seeds were incubat­

ed at 25°C under a dark condition. The number 

of the germinated seeds was counted and hypocotyl 

and radicle growth were measured on the 4th clay. 

The parameters for germination tests were: final ger­

mination percentage (A), germination rate (R), a111d 

the onset of germination (Ts)19>. A simplex 1t1e1hod 

was applied to the computer simulation of germina­

tion curves with the Richards' function. 

(2) Velvetbean cultivar 

A dwarf cultivar of velvetbean, Mucuna pruriens 

var. utilis cv. ana, was used for the field test and 

the extraction of alletochemicals. The origin of this 

seed is Brazil. 

(3) Incorporation of velvetbean leaves into soil 

Two types of vetvetbean were added separately to 

the volcanic ash soil in Tsukuba: one was dry leaves 

oven-dried at 60°C over night, and the other was 

fresh leaves. Dried plant residues, equivalent to L g 

in fresh weight, were added to I 00 g of soils. The 

same weight of cellulose powder was added to other 

pots as a control. Fertilizers added to each pot were 

as follows: N, P, K, of 50, 100, 50 mg/100 g soil, 
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respec1ively. Nitrogen content contained in 1he vel­

vetbean residues (I .20/o) was applied in compensa­

tion for loss. 

(4) Weed appearance in the fields of vclvetbean 

stands8
> 

Planting of velveibean and some 01her plants was 

repeated for a period of 2 to 3 years. Plants were 

grown in a Iysimeter, where the surface soils of 10 cm 

depth were replaced with uncultivated soi ls in the 

starting year. Each plot received a standard level 

of fertilizers excepl for fallow. 

(5) Mixed culture of velvetbean with allelopathy dis­

crimination methods 

Allelopathy of velve1bean in the field was con­

firmed using stairstep12·13·34
> and subst itutive 

experimenls14
•
15·17>. The stairstep experiment was 

designed according to the method of Bell and 

Koeppe2>. The substitutive experiment was modified 

from the methods of the relevant references14·15·
17>. 

(6) Isolation and identification of alellopathic 

substances11> 

Some fractions were extracted from fully expand· 

ed leaves and roots of velvetbean with 80% ethanol. 

The acid traction of the extract inhibited the growth 

of lettuce seedlings. This fraction was subjected to 

silica gel column chromatography and HPLC with 

an ODS column, and the major inhibitor was iden­

tical to L-3,4-clihydroxyphenylalanine (L-DOPA). 

The identity was established by co-chromat0graphy 

with an authentic sample using two HPLC column 

systems (silica gel and ODS) equipped with an 

electro-conductivity detector. 

Results and discussion 

(I) Survey of allelopathic plants 

Some 70 plants were investigated with lettuce seed 

germination tests in order to search for allelopathic 

plants. It was observed that the activity of velvet­

bean was distinctive (Table I). 

(2) Incorporation of velvetbean leaves into soi l 

An experiment was carried out to examine the ef­

fects of velvetbean on the growth of other plants 

in a mixed culture. The treatment also included an 

incorporation of velvetbcan leaves into soils. Fresh 

leaves incorporation to soils (f .OO/o W /W in dry 

weight eq11ivalent) reduced the emergence of succeed­

ing kidney bean (Phaseolus vulgaris) 10 60070, 1he 

plant growth to 300fo of the control (Table 2). 
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Table t. Screening of nllclopathic plants with lettuce germination/ growth test 

Germination test Growth test Extraction 
Pl am (part) •l 

A b) RC) Tsdl J<) Tso0 Hypocotyt8> Radictesl ratiohl 

Composilae 

Ambrosia e/arior (S) 94 74 2.1 34 1.6 139 54 10 

Ambrosia elatior (R) 87 141 1.7 78 1.2 146 63 10 
Taraxac11111 officinale (S) 97 37 0.4 94 1.3 105 79 6.25 

raraxac11111 officinale (R) 99 32 0.5 64 1.6 108 66 10 
Solldago alrissima (Lt 67 39 1.4 19 I.S 90 70 25 
Solldago altissima (R) 89 59 1.3 42 1.3 109 78 25 
Erigeron C(lfUJdensis (L) 89 80 1.3 56 1.2 114 so 25 
Erigero11 ca11adensis (R) 94 66 1.2 55 1.2 121 67 25 
Sa11ss11rea canhamoides (S) 97 74 2.1 34 1.7 139 63 10 
Sauss11rea carlhamoides (R) 90 78 2.1 36 1.7 112 64 10 
Helia111h11s tuberosus (S) 91 96 1.4 62 1.3 104 67 25 
Heliamhus t11beros11s (R) 94 99 1.3 71 1.2 114 63 25 
Anemisia [!_rincee_s (St•• 65 20 2.9 ..1 3.3 g 50 20 
Se11ecio v11/garis (W) 86 70 1.4 62 ~ 104 67 10 
lxeris debilis (W) 85 96 1.3 71 1.6 114 63 10 
Car1ha11111s 1i11c1orius (W) 100 173 0.9 206 0.7 141 65 8 
Helianthus 011111111s (St 86 38 1.2 27 1.5 102 33 10 
Helia111hus 011/IUIIS (R) 100 19 1 1.2 167 0.7 130 52 12.5 

Grnmineae 

A lopec11rus ge11ic11lat11s (S) 95 89 2.5 34 1.8 138 62 10 

Alopec11rus geniculatus (R) 91 78 1.8 39 1.5 127 94 10 

Digitariu sa11gui11alis (S) 90 25 1.6 15 2.1 98 42 10 
Digiiaria sa11g11i11alis (R) 91 41 1.5 23 1.6 97 96 25 
Sasa si11e11sis (S) 94 55 3.2 17 2.7 134 44 25 
Misca11th11s si11e11sis (S) 97 70 3.3 20 3.4 118 52 25 
Sorg_h11111 s11da11e11se (S)" 86 66 1.3 47 1.3 107 1! 10 
Sorghum suda11e11se (R) 100 132 1.0 135 0.8 106 58 12.5 
Sorghum bicola (S) 85 60 1.3 39 1.3 104 55 10 

§2!.ghum bicola (~• 98 131 1.0 133 0.8 84 43 12.5 
Oryza sariva (L) 100 226 2.2 105 1.0 114 77 12.5 
Hordeum vu/gore (L) 100 102 0.9 114 1.0 144 65 6.3 
Horde11111 vulg_are (R) .. 99 84 1.4 62 1.3 72 36 25 
Secale cereale (L) .. 91 62 1.2 48 1.3 79 21 10 
Secale cereale (R) 100 186 1.4 142 0.8 132 55 12.5 
Avena sariva (L) 98 117 1.4 88 1.0 105 105 2.5 
Avena saliva (R) 98 84 1.2 70 1.2 131 126 5 

Leguminosne 

P11eraria loba1a (L)*' 82 72 5.0 12 2.2 73 45 12.5 
P11eraria lobara (Stemt 98 57 3.4 17 3.5 111 32 10 
P11eraria lobata (R) 95 32 0.5 103 1.4 95 68 10 
Mucuna e_ruriens (L) ... 96 82 2.1 ...2 4.6 79 26 25 
M11c1111a prurie11s (Stem) 96 45 I. I 38 1.6 96 54 10 
M,1cu11a pruriens (R) 95 98 1.8 49 I.I 95 51 6 
Arachis hge_ogae!!.Jb).' 83 90 ~ 16 1.8 98 60 10 
Arachis hypogaea (R) 94 93 3.3 21 1.9 97 57 16 
Glycine max (S) 96 44 0.6 70 1.4 117 41 10 
Trifoli11111 repens (S) 98 49 1.8 28 1.9 105 56 10 
L11eJ1111s a/bus (S)' 95 98 2.8 33 1.6 100 37 12.5 
Pis11m sativ11111 (S) 99 45 0.5 99 I. I 11 5 38 10 

Vicia a11s.11stif.olia !~' 97 60 3.6 16 2.8 126 22 6.67 
Vicia hirs111a (S2' 100 62 3.6 18 2.8 114 24 6.67 

(continue) 
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(Table I, continued) 

Germination test Growth ICSI Extraction 
Plant (pan)•l 

Ab> R•> Tsdl t •> Tso0 Hypocotyts> Raclicle&l ratioh> 

Chenopodiaceae 
Chenof}odium album (L) 98 43 t.O 44 1.9 90 48 10 

Che11of}odi11111 album (R) 92 76 I. I 66 I. I 88 48 25 

Beta vulgaris (S) 96 86 1.5 S6 1.2 109 64 5 

Beta vulgaris (R)0 90 75 4.3 16 2.1 57 21 25 

Sf}i11acia oleracea (L) 94 68 2.4 28 1.7 119 38 s 
Se_i11acia oleracea (Rt 97 73 4.S 16 2.1 102 36 10 

Potigonaceae 

Polic.om1m blumei (Sl .. 84 48 1.3 31 1.5 86 37 25 

Fagopyrum esc11le11111111 (S) 100 235 2.4 100 t.O 107 60 12.5 

Labialac 

Lamium a111eJexicaule (W)" 85 54 2.4 19 2.0 70 45 10 

Me11tha Sf!.iCata (L)• 99 SI t.9 27 t.9 121 28 8 

Me111ha spicata (R) 9S 75 0.9 80 t.2 139 89 8 

Salvia officillalis (L) 94 106 3.3 31 1.3 112 67 10 

Salvia offici11alis (R) 98 86 3. I 27 t.9 123 83 8 

Melissa oll!ci11alis (Lt• 39 23 3.7 .1 2.3 IOI 57 8 

Melissa offici11alis (R) 98 73 1.6 4S 1.4 164 103 8 

Solanaccac 

So/01111111 caroli11e11se (S) 96 120 0.8 153 0.9 144 I 17 6 
So/01111111 me/011ge11a (S) 86 83 4.9 15 1.9 125 51 10 

So/01111111 me/011ge11a {R) 98 84 2.9 29 1.6 130 58 10 

LJ:_coe,ersico11 escule/1111111 \Sl 96 136 5.9 23 t.9 135 37 10 

Lycopersico11 esc11/e11111111 (R) 98 123 3.3 38 1.4 131 45 10 

S0la1111111 luberosum (L) 99 75 1.3 127 1.3 127 62 6 

S0la1111111 tuberosum (Stem) 99 72 0.4 167 0.8 148 88 2.5 

Cucurbilaceac 
Cucumis salivus (S) 99 123 3. I 41 1.3 187 78 5 

Cucumis sativus (R) 98 224 4.3 S2 l.3 159 71 10 

Cucurbita 111axima (S) 93 153 4.8 30 t.8 119 so 12.5 

Cucurbita maxi111a (R) 100 109 2.3 48 I. I I 13 84 17 

Citmllus /011atus (L) 95 102 3.7 26 1.3 133 69 6 
Citmllus /a11a111s (Siem) 96 116 3.0 36 t.7 129 59 6 

Citmllus la11a111s (R) 94 103 4.2 23 2.2 I 13 74 12.5 

Other genus 
Ste/Iorio 111edlo (W) 97 69 1.4 SI 1.4 99 67 5 

Ceras1i11111 sJomeratum (W). • 90 74 2.1 31 1.7 103 29 10 

Houllul_nio cordoto (S) ••• 98 33 3.6 9 3.4 62 26 5 

/iou1111y11io cordato (R) 95 66 0.9 68 1.5 126 so 10 

Garium Sl'11ri11111 {W) • 92 65 2.1 29 1.8 85 58 10 

Paederia sca11de11s (L) 97 46 1.5 86 1.2 123 92 12.5 

Poederia sca11de11s (Stem) 98 52 0.5 96 I. I 143 98 10 

Portulaca oleracea (W) 90 II 7 4.8 22 1.9 119 49 3 
Colysregia hederoceo (S) 96 66 2.4 27 t.9 94 60 10 

Ca/ystegia hederacea (R) 99 87 2.5 35 1.8 103 46 10 

Commelino comm1111is (L) 91 62 4.5 12 1.8 132 65 10 

Phf_tolacco americarw (L) •• 98 44 2.3 19 2.2 57 33 6 
Phytolocca americano (Stem) 93 61 1.6 37 I.S 124 39 6 

Phirolacca americana (R) ••• 75 40 1.8 16 1.8 ~ 37 10 

Pla11tago major (L) 88 IOI 3.5 26 1.6 121 73 5 

Pla111ago major (R) 84 75 3.3 19 1.8 138 74 12.5 

Oe11othera bien11is (S) 84 48 1.3 31 1.5 105 39 25 

(continue) 
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(Table I, continued) 

Germina1ion 1es1 
Plan! {part)•l 

Abl R•l TsdJ I c) Tso'l 

Grow1h test 
Extraciion 

Hypoco1yJ8l Radiclc8l ratiohl 

Oenothera biennis {R) 91 61 I.I 52 1.2 119 40 25 

Amara111hus rricolor (L) 92 66 4.0 15 2.4 93 81 6 

A111aranth11s tricolor (Siem) 94 100 4.0 23 2.1 116 97 10 

Impatiens balsa111i11a (L) 93 IOI 3.3 28 1.9 117 64 6 

Impatiens balsa111i1w (Stem) 93 80 3.1 24 1.9 136 77 3 

Paulowinia 10111entosa {L) 100 53 1.2 45 1.5 119 61 12.5 

Paulowinia tomentosa (Siem) 100 139 1.5 98 1.2 136 52 12.5 

Colocasia esc11/e11ta (L) •• • 92 22 6.3 .1. 4.9 

Colocasia esculenta (Siem) • 99 74 3. 1 24 11 
Colocasia esculenta (R) 98 95 4.9 20 1.9 

22 32 10 

133 35 5 

149 42 10 

Brassica napus (S) 84 85 1.3 56 1.2 108 98 10 

Brassica nap11s (R) .. 76 60 1.3 37 1.3 98 37 10 

Brassica juncea (S) 87 61 1.6 34 1.5 154 71 3 

Brassica campestris var. perviridis (L) 93 27 0 .5 58 1.6 141 94 3 

Brassica oleracea var. capita/a (L) • 76 97 5.6 14 1.4 146 88 5 

Average 92.3 78.7 2.4 47.0 1.71 112.6 58.4 

S1andard deviation (o0 _,) 9.4 40.3 1.5 38.2 0.72 26.8 21.6 

a): S: Shoot, R: Root, W: Whole plant ( = S + R), L: Leaf. 

b): Germina1ion percentage at the end of germination process estimated wi1h cumula1ive gennina1ion curves fiued 10 

Richards' function (% of control). 

c) : Germinaiion rate (% o f germinated seeds per day, 0/o of control). 

d): Start of gcrmina1ion (a time spent until one seed germinates, ratio o( control). 

e): Gcrminaiion index (I = A•R/Ts). 

f) : 500/o germination time (a time spent until 500/o of seeds can germinate, ratio of conirol) . 

g): % of con1rol (control dish Is cultured with water). 

h): Extraction ratio (mg-0.W./m/). Extraciion ra1io was determined in order that EC of the assay solution did no! 

exceed I mS/cm. 

Plant name with an underline denotes strong inhibition in one o f the following paramcicrs: hypocotyl elongation, radiclc 

elongation, A (germination 0/o), I (germination index). 

•. • • and ••• show the plant name together with its degree of inhibition. When the values exceed the criteria of average 

:!: o, there would be a possibility of inhibition. 

Table 2. 

Condition 

60°C-oven 

dried leaf 

Fresh leaf 

Pinnt growth after the 

Cultivated plant 

Oryu, S(l(iva (upland) 

Zea mays 

Solghum bicolor 
Glycine max 

Phaseolus vulgaris 

Arachis hypogaea 

S0/a1111111 111elo11gena 

C11c11111is sativus 

Zea mays 
Phaseolus vulgaris 

C11c11111is sativus 

incorporation of velvetbean leaves to soils 

Plant height 

{%) 

IOI 

110 

91 

98 

160 

105 

86 
82 

85 

32 

96 

Shoot o.w. 
(%) 

71 

104 

77 

97 

IOI 

95 

91 

83 

88 
27 

86 

Root D.W. 

{%) 

83 
103 

91 

107 

88 

134 

95 

102 

69 
25 

57 



Table 3. Weed populatloo In continuous cropping fields 

Crop 

Upland rice 

Eggplalll 

Tomato 

Velvet bean 

Velvetbean 

Fallow 

Treatmeni•l 

3yr.c 

3yr.c 

3yr.c 

2yr.c 

lyr.c, lyr .f 

3yr.f 

Weed population 

(g D.W./m2
) 

5. 11 (49.4)<) 

16.82 (40. 1) 

4.92 (64.9) 

0.00 ( 0.0) 

3.05 (74.8) 

0.97 (37.3) 

Weed species observedbl 

(April 14, 1988) 

~ 
~ 
~ 

No emergence 

(D@@@@@ 

~ 

a): 3yr.c; Continuous cropping for 3 years:, lyr.c, lyr. f; Cultivated for I year, followed by fallow 

next year (test year), 3yr.f; Fallow for 3 years witho11t fertili zer. 

b): Species appeared in each plot: (j) sticky chickweed (Cerastium glomer(Jt11111 ), @ miminag11sa 

(Cemstium v11lga111111 var . aug11stljoli11111 ), @ annual neabane (Erigeron 011111111s), © Philadelphia 

neabanc (Erigero11 philadelphicus), @ starwort (Stel/(Jr/a al~·ine var. 1111d11/a1a) ® noating foxtail 

(Alopecurus ge11/c11/t1111s), 0 narrowleaf vetch (Vicia ang11s1/folia}, @ nexuosa binercress (Carda111i11e 

ftex110S(J), ® inugaraslti (Rorippa atr()virens), @) common dandelion (Taraxac11111 offici11ale), 

@ Japanese mugwort (Al'temisia pri11ceps), ® Canadian nc;ibane (Erigcron co11ade11sis), ® hahako­

gusa (G11aplwli11111 Ii/fine}, @ blady grass (Jmperata cylindrica), @ meadowgrass (Poa <11111110), 

@ creeping wood-sorrel (Oxalis com;culota), @ shepherd's-purse (C(tpse/1" /)11rsa•f)(IS/Oris), 

@ prickly sow1 histle (Soncltus asper). 

c): Numbers in parenthesis are percentages of chickweed, a dominant species. 

Source: Fujii ct al. (1991)s>. 

Table 4. Effect of mixed culture of vclvetbcan to the growth of leuucc and 

kidney bean under a ijfai rslep experiment 

Receiver Donor Leaf area Shoot D.W. Root D.W. 

plant plant (cm2
) (g) (g} 

Lettuce Lenuce 30.4 ( 89) 53.9 ( 96} 12.0 (10 1} 

Vclvetbcan ill ( 63) 39.3 ( 70) .1J. ( 48) 

None 34.2 (100) 56.3 (100) 11.9 (100) 

Kidney bean Kidney bean 87.9 ( 97) 343 ( 96) 148 ( 79) 

Velvet bean 81.4 ( 90) 344 ( 96) 153 ( 81) 

None 90.3 (100) 358 (100) 188 (100) 

Underline shows strong inhibition. 

Numbers in the parelllhescs are percentages of control. 

Source: Fujii et al. (1991)131
• 
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This effect ran out two weeks a fter the incorpora­

tion. Dried leaves incorporation showed no in hi­

bition. 

(3) Weed prevalence in the fields of velvetbean 

stands 

Table 3 shows weed populations in spring in the 

continuous cropping fields. The velvetbean p lot 

showed a lower populat ion of weeds dominated by 

sticky chickweed (Cerastium glomeratum) than the 

other plots of eggplant , tomato, upland rice and 

fallow did. 

The stairstep method is a son of sand cultu re with 

a nutrient-solution recirculating system on a siair­

case bed. Through this method, the presence of 

velvetbean reduced the growth of lettuce shoot 

growth to the level of 700/o of the control (Table 4). 

This result indicates that velvetbean root exudates 

have allelopathie activity. 

(4) Mixed culture of velvctbcan with stairstcp 

apparatus 

(5) Allelopathic compound in velvctbean 

The analysis on effective compound of velvetbean 

in restraining the growth of companion plants con­

firmed its associat ion with L-DOPA (Figs. I , 2 and 

3). IL is well known that velvetbean seeds contain 

a high concentration of L-DOPA (6-9%)4
•
2
;
1

, which 
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- L-OOPA 

HOy,:::::;y-'y COOi i 

HO;,QJ NH, 

/ Dopamine 

110~ 

HO;,QJ NH, 

Root 

'------ --Middle Leaf 

Young Leaf 

10 20 30 40 

Retention time (min) 

Fig. I . HPLC analysis or L-DOPA and dopamine 

in the leaf and root of velvetbean 

plays a role of chemical barrier 10 insect attacksl.l2>. 

In mammalian brain, L-DOPA is the precursor of 

dopamine, a neurotransminer, and also important 

intermediates of alkaroids . In animal skin, hair, 

feathers, fur and insect cut icle, L-DOPA is oxidized 

through dopaquinone to produce melanin. As L­

DOPA is an intermediate and rapidly metabolized, 

normal tissues have linle concentrations of L­

DOPA. 

Fresh velvetbean leaves contain as much as I 0/o 

of L-DOPA. It actually exudes from root, and its 

concentration reaches I ppm in water-culture solu­

tion, and 50 ppm in the vicini ty of roots. This 

concentration is high enough to reduce the growth 
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(%) 

0 12.5 25 50 100 200 400 

L-OOPA concentration (ppm) 

Fig. 2. Effects of t.-OOPA on germination and 

growth of lettuce 

(•/o) • 

100 

QJ 
(J 

E 
.; 
...J 

o Mucuna l ea f extracl 

• L-OOPA 

o~---~-~-----'---'--
10 50 100 500 1000 ( pprn) 

5 10 20 30 100 (mg/ml) 

Mucuna leaf extract 

Fig. 3. Effects of vclvctbcan (M11c1111a) leaf extract 

and L-OOPA on the radicle growth of letLuce 
Source : Fujii et al. (1991) 111

• 

of neighboring plants and the growth inhibition in 

a mixed culture is shown in agar-medium culture6
•
71 . 

It also leaches out from leaves with rain drops or 

fog dew. Since velvetbean produces 20-30 t of fresh 

leaves and stems per ha, approximately 200- 300 kg 

of L-DOPA may be added to soils a year. 

(6) Phytotoxic effects of L-DOPA 

Some effects of L-DOPA on germination and 

gro wth of the selected crops and weeds arc summer­

ized in Table S. L-DOPA suppresses the radicle 



growth of lettuce and chickweed to the level of 50% 

of the control at 50 ppm (2 x 10'°" moll/) . It is 

however less effective to the hypocotyl growth and 

practically not effective to the germination (Fig. 2). 

L- DOPA strongly inhibits Lhe plant growth of 

Ceras1iu111 glomera11111·1, Spergula arvensis (both 

Caryophyllaceae), Lim1111 usitalissimum and Lactuca 

sativa, and moderately inhibits the growth of Com­

positae, while very limited effects on Gramincae and 

Leguminosae. Such selective effectiveness is com­

parable with other candidates of a llelochemicals3•
5
l. 

L- DOPA contained in fresh velve1bean leaves fully 

attributes 10 the plant growth inhibition through 

Table 5. Effcel of L-OOPA on the growth of 

radiclc of some weeds 

Scientific name (family)•l ECso 
English name (mM)bl 

Cerastium glomera/11111 (ck) 0. 10 Sticky chickweed 
Spergula arvensis (ck) 0.20 Corn spurrey 
li111m1 11silatissi11111111 (In) 0.20 Flax 
lac/11C11 s111iv11 (co) 0.20 Lcnuce 
Solidago altissima (co) 0.46 Tall golden-rod 

Taraxac11111 of/ici11ale (co) 1.30 Common dandeli on 
A111ara11/h11s /ividus (am) 0.76 Wild blitc 
Misca11th11s si11e11sis (gr) 0.86 Chinese fairygrass 
Ele11si11e coracana (gr) 1.00 African millet 
Setaria faberi (gr) 1.60 Giant foxtail 
Pla111ago asiarica (pl) 1.40 Asiat ic plantain 
Trijoli11111 pratense (le) 2.00 Red clover 
Vici11 vlllosa (le) 2.00 Hairly vetch 

a): ck ; Caryophyllaceae, In; Linaccae, co; Compositae, 

am; Amaranthaceae, gr; Gramineae, pl; Plantagi­
naceae, le; Leguminosae. 

b): 50% inhibition concentration. 

Source: Fujii Cl al . (1991) 11>. 
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its crude extract (Fig. 3). The resu lt that L-DOPA 

strongly suppresses the growth of chickweed agrees 

with weed inhibit ion in the velvetbean field (Table 

3). All these data suggest that L-DOPA function 

as an allelopathic chemical. 

In the aged leaves, the content of dopamine in­

creases (Fig. I), and L-DOPA and dopamine arc 

presumably changed to catechol in the litter. Table 

6 shows act ivities of these compounds assayed. 

It is an earlier understanding that velvetbean 

smothers weeds under its rapid and thick covering 

effect with leaves. However, the above-noted results 

suggest that L-DOPA or its associate compounds, 

accumulated in an extremely high concentration in 

p lants, function as an allelochemical in reducing a 

weed population. The role of L- DOPA in velvet­

bean seeds was earlier regarded as a chemical barrier 

to insect attacks11
• It is now confirmed however that 

it plays another ro le of its allelopathic activity in 

weed control. 

Apart from the L-DOPA in velvetbean, caffeine 

in a coffee treem, mimosine in Lucaena spp.3l, 

nordihydroguaiaretic acid (NOGA) in a creosote 

bush5>, each of which is contained in a high quanti­

ty in the respective plants, are well known to have 

physiological effects on animals, while their associ­

ations with other plants in terms of allelopathy have 

only recently been identified. It is expected that some 

secondary metabolites would be identified in the field 

of allelopathy. 

Since velvetbean has special abi lities such as weed 

smo1hering8
• t 1i, tolerance to pests 1• 1

8>, suppression 

of nematode population24
•
30

·JI), and soil improve­

ment in its physical structuret8>, it could be more 

widely used in future to reduce applications of 

Table 6. Effects of L-DOPA and related compounds in vclvetbean on 

the growth of radicles of lett uce 1md some weeds 

Plant name Scientific name 
Compounds 

L-DOPA Dopamine Pyrocatechol 

Leuucc lac111ca sativa 0.20 6.3 0.73 
Tall goldenrod Solidago altissima 0.46 >3.2 0.36 
Common dandelion Tar(lxacum offici11ale 1.30 1.6 0.73 
Wild blilc A11111ra111J111s li~idus 0.76 >3.2 <0.27 
Chinese fairygrass Misca11t/111s si1re11si.r 0.86 >3.2 0.73 
Giant foxtail Setaria j(lberi 2.00 4.4 2.70 
Sticky chickweed Cerastium glomeratum 0.10 >3.2 0.55 
Corn spu rrey Spergula arve1rsis 0.20 1.6 1.40 

50% inhibition concentration. 
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artificial chemicals lO a lower level. Velvetbean seed 

yields are very high in the tropics, and the seed con­

tains a high level of protein with a useful protein 

score. If detrimental factors such as L-DOPA and 

trypsine inhibitors could be eliminated through 

proper cooking23>, it would also contribute to al­

leviation of the food problems in some tropical 

countries. 
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