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In Vitro Test on Allelopathic Effects of Leaf Extracts from
Phytolacca americana and Armoracia rusticana

Chang Hyu Bae*, 11l Sup Nou*, Kwon Kyoo Kang** and Young Jin Koh™*

ABSTRACT : Allelopathic effects on some crops(rice, barley, wheat, Chinese cabbage, leaf
mustard, onion, welsh onion, tobacco, red pepper) for extracts of Phytolacca americana and
Armoracia rusticana were investigated in MS solid medium. Germination percentage, radicle
length, hypocotyl length, plant height, fresh weight, dry weight, and seedling vigor were rapidly
inhibited by methanol extract from Phytolacca americana according to increase of the concen-
tration in test plants. Autotoxicity of Phyfolacca americana began to appear at concentrations
greater than 50, methanol extracts per 20ml medium. The fresh weight and dry weight of
Phytolacca americana were also decreased by its own methanol extract according to increase of
the concentration. Initial amounts of growth of all crops were also inhibited by methanol
extracts from Armoracia rusticana, but the inhibitory effects were lowered than those of meth-
anol extracts of Phytolacca americana. Of four fractions, ethyl acetate, petroleum ether, 1% H,O,
2™ H,0, reextracted from methanol extracts of Phytolacca americana, the ethyl acetate frac-
tion showed the highest allelopathic effects on germination percentage and initial amounts of
growth. Chlorophyll contents of rice, barley and Chinese cabbage were more inhibited in the
ethyl acetate fraction than in the other fractions. Free proline content of Chinese cabbage was
increased 31.2 times in the 1004 ethyl acetate fraction, and the contents of rice and barley
were also increased according to concentration levels in the ethyl acetate fraction.

Key words : Allelopathy, Germination, Seedling growth, Chlorophyll, Proline, Crops, Phytol-
acca americana, Armoracia rusticana,
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Fig. 1. Extraction procedure of allelopathic
compounds from weed and crops.
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Table 1. Effects of crude methanol extracts from Phytolacca americana on germination and in-
itial growth of crop plants

Plant Con. GP RL HL PH FW DW SV
species (ul) (%) (mm) (mm) (mm) (mg) (mg)
0 62.3 74.2 165.0 179.2 266.6 28.4 4622
Rice 10 62.5 47.2 87.8 135.8 183.6 22.0 2950
50 57.5 16.8 47.4 58.2 53.4 10.2 966
100 42.5 16.5 16.7 33.2 49.6 9.0 701
0 82.5 69.4 135.2 204.6 111.8 25.8 5725
Barley 10 72.5 33.8 121.0 154.8 108.0 22.0 2450
50 47.5 13.8 56.6 65.4 40.0 15.4 655
100 32.5 12.6 41.8 54.4 39.8 15.6 409
0 70.0 28.4 50.8 79.2 72.0 15.0 1988
Wheat 10 50.0 15.6 25.4 36.0 71.4 12.2 780
50 32.5 14.6 15.8 30.4 52.2 7.8 474
100 25.0 7.6 6.8 14.4 46.6 2.8 190
0 87.5 62.0 59.6 121.6 132.2 8.0 5425
Chinese 10 85.0 10.0 35.2 45.2 60.6 6.0 850
cabbage 50 82.5 6.6 14.0 20.6 30.6 4.0 545
100 72.5 7.6 10.2 17.8 27.4 3.8 551
0 42.5 82.8 52.4 135.2 96.0 5.6 3519
Leaf 10 22.5 15.7 31.0 46.7 35.0 1.8 353
mustard 50 22.5 8.0 19.3 27.3 18.0 1.2 120
100 7.5 0 - - - - -
0 77.5 15.6 59.4 75.0 35.2 2.4 1209
. 10 65.0 8.6 45.0 53.6 26.2 2.2 559
Onion
50 40.0 3.0 30.2 33.2 12.0 1.6 120
100 12.5 2.2 20.7 23.0 8.5 1.0 28
0 72.5 31.4 65.0 96.4 20.0 1.8 2276
Welsh 10 70.0 9.6 47.6 57.2 12.0 1.0 672
onion 50 52.5 2.6 24.0 26.6 6.2 0.8 136
100 40.3 1.8 19.4 21.2 6.2 0.8 72
0 95.0 15.6 7.0 22.6 4.2 0.2 1482
10 95.0 6.2 7.0 13.2 2.8 0.1 589
Tobacco
50 85.0 1.0 1.2 2.2 0.8 0.04 85
100 47.5 0 0.2 2.0 0.6 0.04 0
0 92.5 93.0 83.4 176.4 248.6 20.6 8602
Red 10 77.5 19.6 30.4 50.0 71.4 9.5 1519
pepper 50 50.0 20.8 22.4 43.2 66.0 7.0 1040
100 47.5 134 12.4 25.8 56.2 6.6 636
0 - 35.5 42.0 77.5 174.5 22.0 -
Phytolacca 10 - 33.3 40.4 73.7 134.7 18.7 -
americana 50 - 30.0 40.0 72.0 127.0 18.0 -
100 - 27.0 43.0 70.0 122.0 13.0 -

GP: Germination percentage, RL: Radicle length, HL: Hypocotyl length, PH: Plant height, FW: Fresh
weight, DW: Dry weight, SV: Seedling vigor, —: not tested.
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Fig. 2. Effects of crude methanol extracts

from Phytolacca americana on germi-
nation and initial growth of crop
plants.
1: Rice, 2: Barley, 3: Wheat, 4:
Chinese cabbage, 5; Leaf mustard, 6;
Onion, 7; Welsh onion, 8; Tobacco, 9;
Red pepper, 10; Phytolacca ameri-
cana. A; control, B; 104 extract, C;
5044 extract, D; 100.d extract.
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Fig. 3. Allelopathy and autotoxicity among crops and extracts from Phytolacca americana and

Armoracia rusticana.

1: Tobacco on medium contained crude methano!l extracts from Phytolacca americana,
2: Tobacco on medium contained crude methanol extracts from Armoracia rusticana, 3:
Phytolacca americana on medium contained own’s crude methanol extracts, 4:
Phytolacca americana on medium contained crude methanol extracts from Armoracia
rusticana. A; control, B; 104 extract, C; 504 extract, D; 100, extract.
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Table 2. Effects of crude methanol extracts from leaf of Armoracia rusticana on germination
and initial growth of crop plants

Plant Con. GP RL HL PH FW DW

species (ud) (%) (mm) {mm) (mm) (mg) (mg) SV
0 75.0 55.8 156.4 212.2 147.6 26.0 4185
Rice 10 70.0 42.2 148.6 190.8 148.6 26.0 2954
50 52.5 36.0 109.6 145.6 89.6 19.2 1890
100 52.5 36.2 105.4 141.6 55.6 10.6 1900
0 87.5 55.4 116.4 167.8 227.4 26.6 4947
Barley 10 82.5 57.8 121.0 178.8 316.8 32.0 4768
50 82.5 55.0 117.0 179.0 262.2 27.8 4537
100 75.0 55.8 100.2 156.0 195.0 26.4 4185
0 70.0 28.4 50.8 79.2 67.0 25.0 1988
10 67.5 27.8 33.0 60.8 72.0 25.4 1876
Wheat
50 67.5 23.0 28.8 51.8 69.0 22.2 1552
100 65.0 19.8 28.0 47.8 64.2 20.4 1287
0 95.0 55.6 51.4 107.0 134.6 10.0 5282
Chinese 10 97.5 48.6 57.2 105.8 145.0 10.4 4738
cabbage 50 95.5 53.0 38.2 91.2 123.8 10.2 5035
100 72.5 48.4 44.8 93.2 84.0 7.2 5402
0 25.0 88.3 43.4 1317 63.0 4.3 2207
Leaf 10 27.5 40.0 333 73.3 37.8 2.6 1100
mustard 50 22.5 43.3 23.4 66.7 30.8 2.3 866
100 20.5 40.0 23.3 63.3 27.8 2.1 900
0 82.5 18.0 54.8 72.8 30.8 3.0 1485
Onion 10 65.0 18.2 55.2 73.4 314 2.8 1183
50 42.5 12.4 39.4 51.8 23.2 2.0 527
100 47.5 4.4 37.4 41.8 16.0 1.6 209
0 72.5 31.4 65.0 96.4 20.2 2.0 2276
Welsh 10 75.0 33.0 62.6 65.0 19.6 1.8 2475
onion 50 72.5 13.8 55.6 69.4 17.4 1.8 1035
100 72.5 9.8 43.0 52.8 10.6 1.3 710
0 97.5 28.4 13.2 41.6 5.2 6.2 2769
Tobacco 10 91.1 17.0 10.3 27.8 5.5 0.3 1548
50 86.6 9.2 114 20.6 3.9 0.3 796
100 75.0 4.2 5.5 9.7 1.6 0.1 31
0 92.5 93.0 83.4 176.4 248.6 20.6 8602
Red 10 87.5 98.0 76.4 174.4 268.8 20.2 8575
pepper 50 90.5 95.0 78.6 173.6 267.4 20.0 8597
100 85.0 62.0 54.0 116.0 195.0 15.8 5270
0 - 78.3 60.7 139.0 228.3 26.0 -
Phytolacca 10 - 93.3 434 136.7 197.3 22.2 -
americana 50 - 90.0 60.0 140.2 187.0 20.0 -
100 - 40.0 40.0 80.0 198.0 19.8 -

GP: Germination percentage, RL: Radicle length, HL: Hypocotyl length, PH: Plant height, FW: Fresh
weight, DW: Dry weight, SV: Seedling vigor, —: not tested.
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Table 3. Effects of crude methanol extracts from root of Armoracia rusticana on germination
and initial growth crop plants

Plant Con, GP RL HL PH FW DW SV
species (W) (%) (mm) (mm) (mm) (mg) (mg)
0 80.0 60.0 111.6 171.6 90.0 16.8 4800
Rice 10 72.5 61.6 141.0 202.6 114.8 20.6 4466
50 65.0 65.4 152.6 218.2 92.4 16.9 4251
100 64.0 67.2 120.4 187.6 92.6 16.6 4301
0 92.5 44.0 105.2 149.2 282.0 29.6 4070
Barley 10 95.0 40.6 119.4 160.0 318.0 28.2 3857
50 92.2 42.0 109.8 151.8 269.8 26.0 3872
100 95.0 35.4 114.4 149.8 215.0 22.4 3366
0 73.2 28.4 50.8 79.2 67.0 25.0 2079
10 72.5 27.8 47.4 75.2 71.0 29.4 2015
Wheat
50 70.0 32.2 46.4 78.6 78.4 35.4 2464
100 72.5 24.4 26.2 50.6 76.0 33.8 1769
0 92.5 55.6 21.8 77.4 140.0 8.0 5143
Chinese 10 92.5 55.4 49.8 115.2 122.6 7.2 5124
cabbage 50 93.2 62.0 55.6 117.6 132.0 7.8 5778
100 95.0 52.6 62.2 114.8 125.0 8.2 4997
0 57.5 62.0 48.0 105.0 97.0 5.0 3565
Leaf 10 47.5 70.0 49.2 119.2 95.0 4.8 3325
mustard 50 45.2 77.4 49.6 127.0 69.0 44 3498
100 42.5 82.6 49.6 142.2 68.6 4.4 3506
0 72.5 18.2 52.2 70.4 37.0 4.4 1319
Onion 10 72.5 18.6 66.6 84.2 44.0 4.0 1348
50 72.5 18.0 69.0 87.0 43.8 3.4 1305
100 70.0 22.6 89.0 111.6 43.4 34 1582
0 72.5 24.6 45.2 59.8 16.2 1.6 1783
Welsh 10 77.5 32.6 61.2 83.8 26.8 2.6 2526
onion 50 72.5 35.6 54.6 90.2 25.6 2.4 2581
100 75.0 32.6 63.2 95.8 24.8 1.8 2445
0 92.5 21.0 10.0 31.0 4.5 0.2 1942
10 94.2 24.0 16.7 31.3 4.7 0.2 2261
Tobacco
50 92.5 19.3 11.0 32.3 3.5 0.1 1785
100 92.5 17.6 154 33.3 3.2 0.1 1628
0 95.2 93.0 83.4 176.4 248.6 20.6 8853
Red 10 92.3 54.0 80.0 134.0 273.0 22.4 4984
pepper 50 92.5 50.0 88.0 138.0 261.6 215 4625
100 87.5 45.2 90.2 135.4 277.0 23.0 3955
0 - 35.5 42.0 77.5 174.5 22.3 —
Phytolacca 10 - 38.0 43.0 81.0 250.5 25.4 -
americana 50 - 40.0 48.0 88.0 188.0 23.5 -
100 - 30.0 35.0 65.0 133.0 21.0 -

GP: Germination percentage, RL: Radicle length, HL: Hypocoty! length, PH: Plant height, FW: Fresh
weight, DW: Dry weight, SV: Seedling vigor, —: not tested.
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Table 4. Effects of the various solvent fractions of the crude methanol extracts from
Phytolacca americana on germination and initial growth of crop plants

(Crops) Con, GP RL HL PH FW DW
Fraction () (%) (mm) {mm) (mm) (mg) (mg) SV
(Rice) 0 90.0 49.6 161.4 211.0 239.6 38.6 4464
Ethyl 50 77.5 51.4 116.8 168.2 108.8 21.4 3983
acetate 100 77.5 12.8 78.8 91.6 61.6 17.0 992
Petroleum 50 85.0 50.8 136.6 187.4 211.4 34.8 4318
ether 100 87.5 57.2 88.8 146.0 200.2 31.0 5005
1% H,0 50 92.5 36.4 133.2 169.6 170.2 29.8 3367
2 100 92.5 43.0 122.0 165.0 170.0 28.6 3977
ond H,0 50 92.5 53.4 128.6 182.0 200.6 32.0 4939
: 100 90.0 38.4 133.2 171.6 157.4 27.0 3456
(Barley) 0 95.0 53.0 114.4 164.4 250.8 32.6 5035
Ethyl 50 87.5 46.2 103.6 149.8 190.0 28.0 4042
acetate 100 77.5 23.0 50.6 73.6 127.0 23.0 1782
Petroleum 50 90.0 56.6 107.4 164.0 240.2 30.0 5094
ether 100 82.5 55.4 104.4 159.8 255.8 32.6 4570
1 H,0 50 90.5 57.2 121.6 178.8 260.0 31.8 5176
2 100 92.5 59.4 96.8 156.2 237.2 30.0 5494
ond 1,0 50 95.0 58.6 89.8 148.4 256.8 32.0 5567
? 100 82.5 44.6 88.8 1334 234.2 9.2 3679
(Chinese 0 99.0 55.2 54.2 109.4 264.6 11.2 5520
cabbage) 50 92.5 9.8 37.8 47.6 122.0 6.6 906
Ethyl acetate 100 77.5 4.2 26.0 30.2 61.2 5.6 325
Petroleum 50 97.5 55.0 64.0 119.0 283.4 12.4 5362
ether 100 97.5 55.2 56.0 111.2 253.6 11.6 5382
1* H,0 50 97.5 56.6 57.8 114.4 282.2 12.2 5518
2 100 95.0 42,2 30.3 72.2 155.2 9.8 4009
ond H,0 50 95.0 59.4 62.0 121.4 276.4 11.4 7543
z 100 97.5 29.4 32.8 62.2 105.0 6.8 2866

GP: Germination percentage, RL: Radicle length, HL: Hypocotyl length, PH: Plant height, FW: Fresh

weight, DW: Dry weight, SV: Seedling vigor.
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Fig. 4. Effects of ethyl acetate fraction from Phytolacca americana on initial growth of rice(l,
2), barley(3, 4) and Chinese cabbage(5, 6). A; control, B; 504 extract, C; 1004 extract.
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Table 5. Effects of crude methanol extracts from Phytolacca americana on germination speed

Solvent Crops
fraction Rice Bariey Chinese cabbage Tobacco
Control 40.7 31.7 76.6 14.0
Ethyl acetate 500l 35.0 24.2 62.5 9.2
100u4 31.2 21.5 34.5 8.7
Petroleum ether 502 42.2 3L.8 78.3 15.4
10024 37.2 25.3 77.1 14.3
1%t H,0 502 35.7 28.2 82.2 14.9
10028 38.2 28.2 67.9 15.1
2t H,0 50uf 39.1 24.6 72.1 14.8
37.0 25.1 75.8 13.9




Fig. 5. Effects of the various solvent fractions of the crude methanol extracts from Phytolacca
americana on germination and initial growth of tobacco. 1: Ethyl acetate fraction, 2;
Petroleum ether fraction, 3; 1* H,O fraction, 4; 2 H,O fraction. A; control, B 50uf ex-

tract, C: 100wl extract,
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Table 6. Chlorophyll contents of crop plants treated with various solvent fractions of crude
methanol extracts from Phytolacca americana

Solvent fraction

Chlorophyll :
Crops ontrol  Ethyl acetate Petroleum ether 1* H,0 2 H,0O
content
504 1004 50 1004 50d 1004 504 1004
Chl.a 0.18* 0.09 0.05 0.11 0.08 0.08 0.10 0.10 0.07
Rice Chl.a 1.14 0.66 0.26 0.82 0.61 0.50 0.65 0.61 0.45
Total Chl. 1.32 0.76 0.32 0.93 0.69 0.58 0.75 0.71 0.52
Chl.a 0.08 0.06 0.07 0.08 0.09 0.08 0.08 0.09 0.11
Barley Chl.b 0.46 0.32 0.29 0.35 0.41 0.41 0.33 0.53 0.70
Total Chl. 0.54 0.38 0.36 0.43 0.51 0.49 0.41 0.63 0.82
Chi Chl.a 0.07 0.05 0.05 0.08 0.07 0.06 0.08 0.07 0.11
mese
cabbage Chl.b 0.43 0.30 0.24 0.47 0.49 0.31 0.46 0.41 0.58
Total Chl. 0.50 0.35 0.30 0.55 0.57 0.37 0.54 0.48 0.69
*:mg/g (FW). )
. 2 1004d) H7Al Jelr] Al R o,
Table 7. Free prohpe contents of crop plgnts EEMET BMES 57} 2ot whet 87
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rops o A 320 =20l §3 _E_

D o 504 100 9&‘; 1=AE e 9FEE g9RTE =
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