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Determination of Phenolic Compounds Responsible for
Allelopathy in Upland Weeds

Chun, J. C*., K. W, Han* B. C. Jang* and H. S. Shin*

ABSTRACT

Phenolic compounds present in upland weeds (Arfemisia asiatica Nakai, Capsella bursa—pastoris (L))
Medik, Portulaca orleracea L. and Trifolium repens L.) which have shown allelopathic activity were
determined using paper chromatography (PC) and high performance liquid chromatography (HPLC).
Effect of the determined phenolic compounds on germination and post—germination growth of test plants
was also investigated. Kinds of phenolic compounds determined by PC in the four weed species were
greater in the aqueous extract than in the methanol extract. Ferulic acid was found in both extracts of
the weeds studied, whereas benzoic acid was that the weeds commonly contained hydroquinone, p
~hydroxybenzoic, ferulic and cinnamic acids. Out of the phenolic compounds determined by PC and HPLC
p-hydroxybenzoic, cinnamic and ferulic acids inhibited germination and post—germination growth of radish
and sesame. Inhibition of the phenolic compounds on the radicle growth was greater than on the

germination of the test plants.
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Fig. 1. Flow diagram for the separation of phenolic compounds in weed species by paper
chromatography (PC) and high performance liquid chromatography (HPLC) .

Table 1. Comparisons of R, values and color reactions of phenolic compounds by paper chromatography.

R; value Color reaction
Phenolic
compound UV light Mixed
6% HOAc BMA™" (2537A reagent?

Benzoic acid(1) 99 93 dark violet -
Caffeic(2) 36 28 blue blue
Catechin(3) 46 04 dark violet blue
Cinnamic (4) 68 95 dark brown -
p~Coumaric (5) 50 79 dark violet blue
Ferulic () 44 86 blue blue
Gallic (7) 48 07 violet blue
Hydroquinone (8) 90 53 dark violet blue
p-Hydroxybenzoic (9) 72 71 violet pale blue
Phloroglucinol {10) 62 12 dark violet blue
Pyrocatechol(11) 73 74 dark violet pale blue
Pyrogallol (12) 69 28 blue blue
Resorcinol (13) 84 60 dark violet blue
Salicylic(14) 72 92 blue purple
Vanillic (15) 62 83 violet blue

1) BMA ; Benzene : Methanol : Acetic acid(45:8 : 4 v/v/v).
2) Mixed reagent is 1% FeCl;+1% K;Fe(CN); solution,
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2. Isolation of phenolic compounds by paper
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Fig. 3. Chromatograms of phenolic compounds by
high performance liquid chromatography.
Weed species from the top is Artemisia
asiatica, Capsella bursa—pastoris, Portulaca
oleracea, and Trifolium repens. Compound
: 1. hydroquinone, 2. pyrocatechol, 3. p-
hydroxybenzoic acid, 4. catechin, 5 va-
nillic, 6. caffeic, 7. benzoic, 8. salicylic,
9. p-coumaric, 10. ferulic, 11. cinnamic
acid.
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Table 2. Identification of phenolic compounds in weed residues by high performance liquid
chromatography’.
Phenolic Retention Aqueous extract Methanol extract

compound time (min. ) Aa Cb Po Tr  Aa Chb Po Tr
Hydroquinone 3.47 + + + + + + + +
Pyrocatechol 4.20 - + + + + + +
p-Hydroxybenzoic 5.78 + + + + + + + +
Catechin 7.15 - + - - + + +
Catechin 8.26 - - - - + + _
Benzoic 10.80 + + + - + - + -
Salicylic 11.05 - + - - - - + _
p—Coumaric 11.47 + + + + - ++ + +
Ferulic 12.81 4+ ++ + + 44+t + +
Cinnamic 14.38 +  +++ o+ ++  ++ ++ 4+

1) Relative comparison was made by the order +++>++>+, - presents no detection. As,; Arfemisia
asiatica, Cb ; Capsella bursa-pastoris, Po , Portulaca oleracea, and Tr ; Trifolium repens.
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YFable 3, Effect of phenolic compounds on germination and seedling growth of radish and sesame.

Inhibition, (% of control)

Phenolic Concen—
. Radish Sesame
compound tration

Germi— Shoot Radicle Germi- Shoot Radicle
M) nation length length nation length length

10* 15 13 36 5 54 63

Benzoic acid 167¢ 9 11 21 4 22 27

1075 0 12 12 0 16 17

1072 12 24 24 5 32 40

Catechin 107 0 16 20 0 12 14

107° 0 8 15 0 15 10

1072 92 100 100 63 81 82

Cinnamic 10 15 24 14 16 12 14

10°° 5 3 8 0 3 3

1073 15 37 42 3 47 57

p-Coumaric 107 0 16 15 3 16 23

10°° 6 11 0 10 20

1072 77 94 90 42 82 78

Ferulic 10 31 35 36 1 12 13

10 31 35 36 11 12 13

107° 14 12 23 6 42 41

Hydroquinone 107 4 6 15 4 13 21

10-° 0 3 10 0 14 6

1072 100 100 100 89 100 100

p-Hydroxybenzoic 107 23 49 42 5 15 - 16

107 20 18 19 0 4 0

107? 85 91 89 47 82 87

Salicylic 107 31 35 31 5 7 21
io-® 31 8 2 0 .6 6

1073 62 96 91 37 76 84

Vanillic 10 38 33 61 5 9 16

107° 31 22 5 5 4 6
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