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Allelopathy of the Aqueous Extracts of Above Ground Parts of

Soybean and the Identification of the Allelochemicals
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Abstract: Field experiments. simulations and chemical analysis were used to study allelopathy of the
aqueous extracts of upper parts of soybean in the stage of podding in rotational, continuous and alternate
cropping on the germination and seedling growth of soybean. Allelochemicals in the aqueous extracts were
analysed by gas chromatography-mass spectrometry (GC/MS). The results showed that radical elongation
of soybean were significantly inhibited by the aqueous extracts of soybean in continuous cropping at the
concentration of 0. 10gDW /ml compared with the control (distilled water only). At the concentrations of
3. 75X 10 *gDW/ml and 7. 50 X 10" *gDW/ml, the fresh weight of seedlings, the dry weight and the
volume of roots, the total and the active uptake area of roots were significantly inhibited by the aqueous
extracts of soybean in rotational, continuous and alternate cropping. Acidic fraction extracted by ethyl
acetate or the fraction extracted by XAD-4 resin absorption from the aqueous extracts showed great
allelopathic effects on the rate of seed germination and radical elongation of soybean at the concentration of

0. 6~1. 2 gDW/ml. Radical elongations of soybean were also dramatically inhibited by the neutral and
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alkaline fractions extracted by ethyl acetate from the aqueous extracts at the concentration of 1. 2gDW /ml.
And the higher the concentrations, the stronger the allelopathy. The allelopathic effects were mainly
attributed to the following allelochemicals detected in the extracts.

Main chemical compounds in the acidic fraction extracted by ethyl acetate in rotational cropping were
butanedioic acid, benzoic acid, 2-methoxy-4-vinylphenol, 1,3,5-trihydroxyphenol, which was followed by
the second group of the chemical compounds in terms of quantity. such as propanoic acid, 2-methyl-4-
pentenotic acid, azelaic acid, hexanoic acid, benzeneacetic acid, p-hydroxy-cinnamic acid, and p-hydroxy-
cinnamic acid and so on. In continuous cropping the main chemical compounds were identified as
butanedioic acid, benzoic acid, 2-hydroxy-benzoic acid, 4-hydroxy-benzoic acid, and 2,4-pentadienenitrile,
which was also followed quantitatively by the second group of the compounds., namely, 2-hydroxy-
propanoic acid, 2-methyl-4-pentenoic acid, (E)-2-butenedioic acid. octanedioic acid, sebacic acid,
hexadecanoic acid, benzoic acid, 3-methoxy-4-hydroxy-benzeneacetic acid, p-hydroxy-cinnamic acid, 3-
methoxy-benzaldehyde and ethyldiamine. Such main chemical compounds were found in the fraction
extracted by the XAD-4 resin adsorption in rotational cropping as 2-methyl-phenol, 2-methoxy-4-
vinylphenol, benzaldehyde, 2-methyl-Benzaldehyde, 1,2-dihydro-1,1,6-trimethyl-naphthalene, 5,6.7,7a-
tetrahydro-4,4, 7a-trimethyl-2 (4H)-benzonfuranone. The second group of the compounds in quantity in
this extraction were benzoic acid. 1, 2-benzenedicarboxylic acid, phenol, benzyl alcohol, phenylethyl
alcohol and 2-methyl-2-cyclopentene-1-one. In continuous cropping the compounds were identified mainly
as benzaldehyde, 3-methyl-2-methoxy-4-vinylphenol, 1, 2-dihydro-1,1, 6-trimethyl-naphthalene, 5,6,7,
7a-tetrahydro-4, 4, 7a-trimethyl-, 2 (4H)-benzofuranone and methylparaben. Some compounds in less
amounts in this fraction were as follows. benzoic acid, 1, 2-benzenedicarboxylic acid, phenol, benzyl
alcohol, phenylethyl alcohol, 2,3-butanediol and 2,3-dihydro-3,3,5, 7-tetramethyl-1H-inden-1-one. The
extraction rates by acetic ether were higher than those by XAD-4 resin adsorption.

The allelopathy were more stronger in continuous cropping than that in rotational cropping at the
same extracted concentration. There was no significant difference of allelopathy among the extracts by
acetic ether or by XAD-4 resin adsorption provided that their concentrations were the same both in
rotational and continuous cropping. The obtained results indicated that the allechemicals were indeed
produced from leaves and stems of soybean both in rotational and continuous cropping during soybean
growth.

Key words :soybean; aqueous extracts; allelopathy; GC/MS; continuous cropping
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Table 1 Effects of the aqueous extracts on soybean germination (PLSD test)

Rotational cropping Continuous cropping
(gDW/ml) %) (cm) (gDW /ml) % (em)
Concentration Germination rate Radical length Concentration Germination rate Radical length
CK 100 4. 40 CK 97.8 4. 69°
0. 05 91.1 4.19 0. 05 93.3 4.51%
0.10 88.9 3. 80 0.10 68. 9 3. 09"

(P <C0.05) Values with different characters in the same row are of

significant difference (P<C0. 05)

2.1.2 2 s N N
N N N N s o
o s
2 (PLSD )
Table 2 Effects of the aqueous extracts on soybean seedling growth (PLSD test)
(g) (mg) (cm?®) Root uptake area(m?)
Treatment Plant fresh weight Root dry weight Root bulk Total Active
CK 1.93+4 56. 744 2.45% A 3,348 1.68 4
A Rotational cropping A 1.63"8 37.7°8 1.338 1.90°8 0.94"8
A Alternating cropping A 1.61"% 38.50B 1. 05bed BC 1. 47bed BC 0. 73bed BC
A Continuous cropping A 1.24¢¢ 36. 208 1. 23be BC 1.77¢4¢ 0. 88be BC
B Rotational cropping B 0. 814" 32.3b8 0. 93¢d BC 1. 32¢d BC 0. 67bed BC
B Alternating cropping B 0. 844" 31.3%8 0. 85¢d BC 1. 2204 BC 0.514¢
B Continuous cropping B 0.91¢P 29.3bB 0.704¢ 1.024¢ 0. 61¢4 B¢
(P<C0.05); (P<C0.01)

Values with different lowercases in the same row are of significant difference (P<C0. 05); Values with different caps in the

same row are of especially significant difference (2<C0. 01)
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Fig. 1 Effects of fractions of the aqueous extracts in rotational and continuous cropping on soybean germination

Rotational cropping; Continuous cropping; Acidic fraction;
Neutralfraction; Alkalinefraction; Resin fraction; CK Reagent control
2.2.2
C 3, s 0.6.,0.9.1. 2gDW /ml
3 (SSR )
Table 3 Effects of different fractions of the aqueous extracts on elongation and dry weight of soybean radical (SSR
test)
Rotation cropping Continuous cropping
Fraction (gDW/ml) (cm) (mg) (cm) (mg)
Concentration Radical length Radical dry weight Radical length Radical dry weight
(‘K‘l 3. Zlah ABC 75. 27\ A 3. 48;\ A 68~ 2:11) AB
0. 3 2' 57\)&'(1«‘ BCDE 67- 37\ ABC 2' 41( BC 68~ 9;\\) AB
0.6 CoylE 0. @b BCD . 9]de CDE 7. 34 DE
Acidic fraction 174 0.8 e 873
0.9 1. 77(E 41. 8P DE 1. gGef PE 41. 24 CDE
1.2 1. 74F 281 2°F 1. 774 PE 34.94F
0.3 3. 09eb ABC 76. 20 A 3. 500 A 78. 5eb A
0.6 9. g1abed ABCD 71. 62 A 3. 19 A 77. 9ab A
Neutral fraction 0.9 2. ggabe ABC 76. 87 A 3. 193 A 65. gab ABC
‘l. 2 3. 05.1[) ABC 8()- 6" A 2. 90[) AB 7(). 5:\11 AB
0.3 3. 30 AB 76. 84 A 3. 500 A 84. 10 A
0.6 2. 9gabe ABC 76. 92 A 3. 400 A 76. 2ab A
Alkaline fraction 0.9 9. 9]abed ABCD 68. 50 AB 3. 950 A 69. gab AB
l. 2 3. 56“ A 79' 2:\ A 2. 46( BC 61~ 91»(‘ ABCD
CK?2 3. 012b ABC 81.50A 3. 37 A 82, 42 A
0.3 9. 9edel CDE 70. 92 A 9. 19¢d CD 67. Gib AB
0.6 9. 93def CDE 79,504 2. 05cde €D 74, 380 A
Resin fraction
0. 9 2' Ol(*f DE 7()' 67\ A 1. 78(|(*[ DE 57. 4}»(’ ABCDE
1.2 1.73'F 49. 5bCD 1.38(E 4. 9ed BCDE
(P<<0.05); (P<<0.01)

Values with different lowercases in the same row are of significant difference (7<C0. 05); Values with different caps in the

same row are of especially significant difference (P<C0. 01)
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Table 4 Effects of the same fraction of the aqueous extracts on soybean radical growth(SSR test)
Radicel length(cm)
Treatment gDW/ml'
Concentration Acidic fraction Neutral fraction  Alkaline fraction Resin fraction
0 3.21° A8 3.21° 4 3.21° A8 3.01°4
0.3 2. 570 B¢ 3.00% A 3.30"AB 2.27b8
Rotational 0.6 1.74P 2.90" A 2. 980 AB 2.23b B
cropping 0.9 1.76°" 2.98" A 2.91°0 AP 2. 01bed B
1.2 1.74¢P 3.054 3.5644 1. 734 BC
0 3.48° A 3.48 4 3.48 A 3.37%4A
0.3 2,410 3.50"A 3.50"A 2.19bd B
Continuous 0.6 1.91¢¢P 3,194 3.40% A 2.05bd B
cropping 0.9 1.66°P 3.12¢4 3. 254 A8 1. 78ede BC
1.2 1.77¢P 2.90 A 2.46°8 1.38°¢
(P<C0.05); (P<C0.01)

Values with different lowercases in the same row are of significant difference (P<C0.05); Values with different caps in

the same row are of especially significant difference (P<C0.01)
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