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Abstract: Water extracts from leaf of Phragmites australis ( Cav.) Trin. ex Steud. were extracted by
different solvents, and taking seeds of Triticum aestivum Linn. and Raphanus sativus Linn. as
experimental materials, allelopathic effect of different partitioned extracts was determined. Partitioned
extract of 1-butanol with the strongest inhibition effect was separated further by thin layer chromatography
and column chromatography, and composition compounds in fractions with higher biological activity were
analyzed by GC-MS method. On this basis, biological activity of potential allelopathic compound selected
with high relative content and typicality were determined to screen potential allelopathic compound in leaf
of P. australis. The results show that with enhancing of mass concentration (20, 100 and 500
mg + L"), inhibition effects of partitioned extracts of petroleum ether, dichloromethane, ethyl acetate,
1-butanol and water in water extracts from leaf of P. australis on seed germination of T. aestivum and R.
sativus increase gradually, in which that of 1-butanol partitioned extract is the strongest. Among eleven
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fractions from 1-butanol partitioned extract, Fr. 5, Fr. 6, Fr. 7, Fr. 9 and Fr. 10 fractions can
significantly inhibit growth of R. sativus or T. aestivum seedling, and after treated by treating solution
with mass concentration 500 mg + L™ of each fraction, height, root length and fresh weight per plant of
R. sativus or T. aestivum seedling are significantly lower than those of the control (P<0.05). 11, 15,
15, 12 and 22 compounds are identified from Fr. 5, Fr. 6, Fr. 7, Fr. 9 and Fr. 10 fractions by GC-MS
method, accounting for 83.02% , 91.31% , 87.36% , 97.92% and 94.34% of total relative content in
above respective fractions, respectively. And main compounds include saccharides, alcohols, organic
acids, ketones, amides and esters. The determination result of biological activity of fourteen potential
allelopathic compounds shows that these compounds have an obvious inhibition effect on growth of 7.
(Z,72)9, 12-
octadecadienoic acid, 2-phenethylamine, 2-methyl-2-propen-1-ol and DL-4-hydroxy-3-methoxymandelic

aestivum seedling, in which, after treated by oleamide, methyl hexadecanoate,

acid with mass concentration 20 mg - L™" | height, root length and fresh weight per plant of T. aestivum
seedling are significantly lower than those of the control. The comprehensive analysis result shows that
water extracts from leal of P. ausiralis has strong allelopathic activity, and potential allelopathic
compounds are oleamide, methyl hexadecanoate, (Z,Z)-9,12-octadecadienoic acid, 2-phenethylamine,

2-methyl-2-propen-1-o0l and DL-4-hydroxy-3-methoxymandelic acid.

Key words: leaf of Phragmites australis (Cav.) Trin. ex Steud.; water extracts; allelopathic compound ;
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Table 1 Allelopathic effect of different partitioned extracts in water extracts from leaf of Phragmites australis ( Cav.) Trin. ex Steud. on seed

germination of Triticum aestivum Linn. and Raphanus sativus Linn.

AN TRV BE A BT X/ INZE AR IR/ %
Allelopathic effect of different
concentration extracts on Triticum aestivum

ZEIY) Partitioned extract

AR EAE IR S H 0 %
Allelopathic effect of different
concentration extracts on Raphanus sativus

20 mg - L' 100 mg - L' 500 mg - L7 20 mg - L' 100 mg - L™ 500 mg - L'
A IMBEAETY) Partitioned extract of petroleum ether -34.44 -53.30 -53.18 -29.40 -43.88 -68.48
A F e B Partitioned extract of dichloromethane -41.69 -87.22 -86.17 -51.02 -81.12 -85.44
LR LR A ELY) Partitioned extract of ethyl acetate -59.47 -65.45 -61.53 -51.31 -59.52 -71.38
IE T EEAEEY) Partitioned extract of 1-butanol -62.35 -91.72 -100.00 -46.44 -100. 00 -100. 00
IKZEBLHY) Partitioned extract of water -52.32 -25.86 -83.94 -12.93 -60.74 -47.51

BN FIIEE]-100. 00% , R AFIT 45 R B . 2 0t
ISP IE T BEAE U X /INZE Fn 8 N i & iy 4
AR e
2.2 AEMKRERYETEZEINMHNAREAS T NE
FNEE N &hE 4K R B

FRE LIRS SR R AR 2 AT DA =5 7K
PEYIRIE T BRI 4y B AR 11 A5 (Fr. 1 2
Fr. 11) 40X/ N DY pk e AR

*2

fif B AR A3 W3R 2, R 2 ATLUE I . 2IET
BB Fr. 5 Fr. 6 5 Fr. 7 4085 /NS
B AR A g LB B 0T o SR AR T A 2
B ERT X IRYL(HEE) (P<0.05) ;4 Fr. 9 5 Fr.
10 40 Ab B , 85 D & AR K Ak v RN SRR B T
PR T HAB AL 53, - 0 AR T X EZH 4l I, BEHE Fr.
5 Fr. 6 Fr. 7 Fr. 9 flFr. 10 3t5 N4 dA70E— 4
#) GC-MS 437,
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Table 2 Effects of different fractions from 1-butanol partitioned extract in water extracts from leaf of Phragmites australis ( Cav.) Trin. ex
Steud. on growth of seedlings of Triticum aestivum Linn. and Raphanus sativus Linn.

NG AR AR AR

B A SRR

4D Growth index of Triticum aestivum seedling® D Growth index of Raphanus sativus seedling®’
Fraction' K /mm  bk#G/mm L e Fraction”  ffK/mm  BKi/mm R it/
Root length Height Fresh weight per plant Root length Height Fresh weight per plant

CK 47.9+8.1 36.1+2.3 0.106+0.012 CK 36.5+4.7 19.9+3.7 0.078+0.015
Fr. 1 34.8+5.5% 25.8+2.9% 0.095+0. 009 Fr. 1 15.2+1.5% 11.2+0.9:% 0.045+0. 005
Fr. 2 26.3+3. 8 20.9+2. 2 0.070+0.012* Fr. 2 36.2x11.5 19.7+3.5 0.056+0. 006
Fr. 3 34.1+5.0% 32.3+0.1 0.095+0. 006 Fr. 3 28.1+10.7 14.2+4.3 0.062+0.022
Fr. 4 26.4+0.9% 33.9+1.3 0.113+0.002 Fr. 4 8.4+0.9% 11.2+0. 6% 0.064+0. 005
Fr. 5 16.6+4. 1% 16.8+4. 2 0.040+0.012* Fr. 5 35.4+4.2 20.6+1.3 0.091+0. 002
Fr. 6 6.0+£2. 6% 15.7+4. 6% 0.043+0.012* Fr. 6 46.0£0.0 21.8+1.3 0.081+0. 000
Fr. 7 13.9+4. 8= 19.3+6. 8 0.044+0.015* Fr. 7 11.5+1. 6% 10.9+0. 4 0.063+0. 005
Fr. 8 36.5+5.8 30.7+5.3 0.096+0.018 Fr. 8 37.4x11.6 15.6+3.6 0.064+0.018
Fr. 9 18.8+0. 7 22.7+1.0% 0.067+0.001* Fr. 9 7.0+2. 6% 6.2+1.5% 0.031+0.003*
Fr. 10 20.7+0. 7 18.4+0. 7 0.049+0. 006+ Fr. 10 7.5+0. 1 8.7x1. 1% 0.034+0.001*
Fr. 11 30.4+4. 1% 20.3+1.7%* 0.061+0. 003 Fr. 11 14.9+1. 0% 8.7+1.0% 0.046+0. 007

D CK; HIE Methanol. 4420 73 Ji ¥ BE 4447 500 mg - L' Mass concentration of all fractions are 500 mg « L.

2w, SXIR(CK) A 25 5 8 3 (P<0.05) Significant difference compared with the control (CK) (P<0.05).
2.3 AEMKREYNETEERYSS NMESH 23 84 85 K6 kT,

GC-MS SR

AR LRSI E5 A % 2 K AR P I T R A
Bt s A~ HAREEYEENA S Fr. 5. Fr. 6,
Fr. 7 Fr. 9 #l Fr. 10 #£47 GC-MS 7347, 45585351 WL

3 0L N Fr. 5 4143 sg i 11 Fiofr L
a5 AN BRI 83, 02% , A HLIR S B
KRS Hidh 1,23, 4 T DUEE AR X 2 A
B, N 64.08% ;4—F5 3 -3 — I A L0 A5 R A0 AH G &
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A%, 8 0.62% ,

M4 T UL I Fr. 6 4l dbseiE 15 gl
B, i AR S Y 91, 31% , AU HLER K |
I B BRISTNERR A . P, 1,2,3,4- T DUREAYAH
X B, O 53, 60% 5 D - ik I 4 B (D-
glucopyranose ) FFHXT % AKX, 7 0.61% .,

M5 AIOL: N Fr. 7 A or RS 15 FiATHL
AW, 5 EAI S 87.36% , MLIRA PR B
F3 AEMKRMETEZERYS Fr. SA5NEEERRSRE
ENEE
Table 3 Main composition compounds and their relative content in

Fr. 5 fraction from 1-butanol partitioned extract in water extracts
from leaf of Phragmites australis ( Cav.) Trin. ex Steud.

PR y AR 7 /0
W min R FIRX iy ML
. Molecular . Similar
Retention Compound Relative
. formula degree
time content
11.27 tetraethylene glycol CgH 505 0.65 65.0
12.15 1,2 ,3-propanetriol C3HgO; 6.83 54.5
12.65 1,2,3,4-butanetetrol C4H o0y 64.08 90.0
13.18 2,5-dihydroxy-1,4- CeH 206 1.23 51.0
dioxane-2 ,5-dimethanol
13.29 2 ,5-diphenylpyrrole CigHy3N 2.25 49.0
14.06 adonitol CsH 505 3.06 74.0
16.06 1,2-cyclooctanediol CgH 60, 1.80 35.0
17.77 arabinopyranose CsH (05 0. 80 76.0
17.85 mannono-1 ,4-lactone CeH1o0g 1.05 45.0
18.66 4-methoxymandelic acid CoH g0y 0.65 51.0
21.45 DL-4-hydroxy-3- CoH (05 0.62 65.0

methoxymandelic acid

F4 FEMKRMETEZERYF Fr. 6 A0WEEHBRS RE
HYEE

Table 4 Main composition compounds and their relative content in
Fr. 6 fraction from 1-butanol partitioned extract in water extracts
from leaf of Phragmites australis ( Cav.) Trin. ex Steud.

[ . T
BE]/min B4 o i/ % AL %
K y Molecular . Similar
Retention  Compound Relative
. formula degree

time content

11.82 2,2’ -thiodiethanol C4H 90,5 1.13 23.0
12. 14 glycerol C3HgO5 1.85 48.0
12.61 1,2,3,4-butanetetrol C4H o0y 53.60 91.0
13.16 1,3-dihydroxyacetonedimer C3HgO5 3.73 61.0
13.27 threonine C4HgNO; 1.13 43.0
16.83 uridine CoH5N,0¢ 7.20 81.0
17.76 arabinopyranose CsH 05 0.79 91.0
17.99 D-(-) -gulonic acid y- CgH1oO0g 0.89 39.0

lactone
18.23 ribo-pentitol CsH,05 3.74 62.0
19.32 D-lyxose CsH ;05 1.04 77.0
19.84 ribitol CsH 505 3.55 52.0
20.01 phthalic acid, butyl isohexyl CigHp0y4 1.27 49.0
ester

21.07 D-glucopyranose CeH 5,04 0.61 92.0
25.74 mannono-1 ,4-lactone CeH oOg 1.08 26.0
27.57 3-(4-methoxybenzylidene ) - Cy3HsNO, 9.70 61.0

2-piperidinone

I BERRIWERSE Hofr,1,2,3,4 =T VB A XS &
T, N 26. 02% ;2% 4R C 2 (2-ketoadipic acid)
AR & AR, o 1. 10%

H 6 AT UL N Fr. 9 473 rh 3L SE it 12 FoA L
A, 5 BT RY 97. 92% , AU A HLIR K | Tk
o BEREE NS 5, Hoh &8 —H R — T B i AH
X m ey, N 29.05% 5 IR ARG 5 eIk, o~

x5 FEMKRMETEZERYS Fr. 7THAFNETEZHEBHSTRE
HYEE

Table 5 Main composition compounds and their relative content in
Fr. 7 fraction from 1-butanol partitioned extract in water extracts
from leaf of Phragmites australis ( Cav.) Trin. ex Steud.

73] P AR e e
/min R4 PER gy, M %
. Molecular . Similar
Retention  Compound . Relative
) formula degree
time content
11.83 2-methoxypropanoic acid C4HgO5 1.79 35.0
12.13 glycerol C3HgO4 16.98 49.0
12.60 1,2,3,4-butanetetrol CyH o0y 26.02 89.0
14.88 2 ,5-anhydro-D-mannose oxime CgHyNO5 1.84 40.0
15.78 D-( +) -arabitol CsH 504 1.82 92.0
15.99 2-ketoadipic acid CgHgO5 1.10 81.0
16.22 xylilol C5H1205 5.65 94.0
18.23 adonitol CsH 504 2.62 91.0
19.31 methyl hexadecanoate C7H340, 1.85 95.0
19.49 ribitol CsH 505 8.05 61.0
19.73 2-benzyloxyiminopropan-1,3- CoH3NO3 1.77 45.0
diol
20.00 butyl isobutyl phthalate CigHy0y 7.71 85.0
22.85 inositol CeH 206 1.51 68.0
27.57 3-(4-methoxybenzylidene ) -2- C3H,NO, 6.87 65.0

piperidinone

30.21 hexadecanoic acid,2,3-
dihydroxypropyl ester

C oM 340, 1.78  74.0

F6 FHEMKRYUETEXRYF Fr. 9 AoNEFEHBB S RE
AR

Table 6 Main composition compounds and their relative content in
Fr. 9 fraction from 1-butanol partitioned extract in water extracts
from leaf of Phragmites australis ( Cav.) Trin. ex Steud.

e P A
WL /min R AIR g, MIME%
. . Molecular . Similar
Retention  Compound Relative
) formula degree
time content
11.27 tetraethylene glycol CgH 305 12.67 63.0
17.06 D-xylofuranose CsH;¢O5 8.23 57.0
17.96 arabinose CsHy(O5 5.05 74.0
19.31 methyl hexadecanoate C7H340, 4.87 98.0
19.76 6-deoxy-L-galactose CeH 05 8.12 84.0
20.01 dibutyl phthalate CigHy0y 29.05 94.0
20.39 xylose CsH(O5 11.47 86.0
21.07 mannose CeH 204 3.49 91.0
24.36 (Z,7)9,12-octadecadienoic CigH3,0, 2.45 72.0
acid
24.44 oleic acid C1gH340, 2.90 68.0
25.68 trans-9 ,10-epoxystearic acid CioH3405 3.65 92.0
methyl ester
26.82 oleamide CgH35NO 5.97 92.0
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Table 7 Main composition compounds and their relative content in
Fr. 10 fraction from 1-butanol partitioned extract in water extracts
from leaf of Phragmites australis ( Cav.) Trin. ex Steud.

] - AR o
Retfsntlon Compound formula Relative degree
time content
4.23 N, N-diethyl-formamide CsH;NO 4.05 91.0
5.23 N, N-diethyl-acetamide CgH 3NO 5.71 91.0
6.33 2-ketobutyric acid C4HgO5 2.85 48.0
6.78 2-phenethylamine CgH| N 2.73 76.0
7.06 2-methyl-2-propen-1-ol C4HgO 1.98 71.0
11.11 tetraethylene glycol CgH 305 5.21 57.0
12.13 glycerol C3HgO5 7.71 53.0
12. 60 1,2,3,4-butanetetrol CyH o0y 5.83 45.0
17.06 methyl B-D-ribofuranoside CeH 205 2.26 48.0
17.76 D-( -) -arabinose CsH (05 1.25 55.0
17.87 mannono-1 ,4-lactone CeH ¢Og 3.87 45.0
18.03 L-( +) -arabinose CsH,05 1.89 91.0
19.31 methyl hexadecanoate C17H340, 4.42 96.0
19.49 arabinitol CsH 504 1.42 55.0
19.76 6-deoxy-galactose CeH 505 5.28 52.0
20.00 dibutyl phthalate Ci6H20y4 18.86 85.0
20.39 xylose CsH 05 1.56 92.0
21.07 D-glucopyranose CeH 506 2.56 94.0
23.77 hexadecanamide C6H33NO 1.69 88.0
25.68 trans-9 ,10-epoxystearic acid CioH3605 3.95 93.0
methyl ester
26.79 oleamide CgH35NO 7.97 99.0
27.21 octadecamide CgH3;NO 1.29 77.0
2.45%

27 Al 0L N Fr. 10 dH43h L% 5E 22 Fl
HUALE Y, 5 BAHRT S 1Y 94. 34% 3G A MLER S |
Ba2s B2 RS AE , Horp 4FOR R T ER I AH
X B, N 18. 86% ; il i I I ( octadecamide ) [
A el , S 1.29%

2.4 AEMKREYDEBEMBEEI I NEDHEK
sEA|

R KEEh 14 FhE e AL IR 1Y %6 1
S5 L/INZZ R s g ik G AT A s M R, 14 Rl g
TEARIER B A3 X6 /N2 By ARG R e o B R i 5T 2 11 52
M L% 8., FHER 8 Wl LI . M S K2 14 Pk
FEARIER AL A3 X /N2 Sy AR R i B R B O o 11 52
W fFfE—E 285, H 2R YN 20 mg - L™
TR LR B AR R FE I TR 2 - PR S e 2 - 3%
IR 4 - Y23 -3 - AR S I AL FI S , /N2 %)
B AIPR R RS BB PR G T e 1 ) IR T R (P<
0.05) , T B e i 20 mg « L™ N, N-_ 3L LTtz
HIN, N= 23 R (OGN 22 il AR KA 35
HYEN

R8 AEMKEWRBELBRRS I MELEERKAH M

Table 8 Effect of potential allelopathic compound in water extracts
from leaf of Phragmites australis ( Cav.) Trin. ex Steud. on growth of
Triticum aestivum Linn. seedling"

D e ki RO
Compound ) Root length Height per plant
CK 30.2+4.1 26.6+3.9 0.058+0.010
1,2,3,4-butanetetrol 29.0+5.4 28.8+4.5 0.068+0.011
dibutyl phthalate 25.2+10.2 16.5+6.5 0.047+0.016
oleamide 15.7+5. 0% 13.4+3. 8% 0.032+0. 008
tetraethylene glycol 22.1£2.8 21.7+2.3 0.061+0.011
D-lyxose 23.7+8.6 23.6+8.9 0.058+0. 022
D-(-) -gulonic acid y- 29.7+5.0 29.1+4.5 0.067+0.013
lactone

methyl hexadecanoate 6.5+0. 3% 4.6+0. 1= 0.024+0. 002
oleic acid 23.8+3.6 21.6+4.5 0.059+0.010
(2,2)9,12- 8.6+5. 0% 6.6+3. 8% 0.022+0.013%*

octadecadienoic acid

N, N-diethyl-formamide 19.9+5. 6% 19.4+6.1 0.049+0.015

2-phenethylamine 4.2+2. 4% 8.7+5.0% 0.023+0.013
2-methyl-2-propen-1-ol 4.6+2. 7% 5.2+3.0% 0.021+0.012=
DL-4-hydroxy-3- 9.2+5.3x% 9.5+5. 5% 0.027+0. 015
methoxymandelic acid

N, N-diethyl-acetamide 13.6+1. 5% 13.5+2.0 0.037+0. 006

Do, X8 (CK) A 22 5 18 3% (P<0.05) Significant difference
compared with the control (CK) (P<0.05).
2 CK: HBE Methanol. 4541 /3 By B4 ¥ £ 45 8 20 mg - L™' Mass

concentration of all compounds are 20 mg - L',

3 itk frgE i

AHIFFE T, 3 3 A [ 50 26 R IR )2 A\ TLC
Kl Kz GC—MS 8577 %k, 0] 7 =5 7K Sy v v 7 1 I
I B AT A SRR W L AR K S b AR
BEE A HLIRIE (W2 BRI EE AL G W5 14 Bl
TEAGIEIS I3 IR I I A M TR P I L3 R (2 -
LW 2— B TR 4 -2 -3 — S0 o A (R X
N By A A R AR A AR, 7 3 2 i ) AR
PERTRCR, T 1,2,3,4-T PURER D-(-) -7 i iR -
y— BRI /N A By e A= K BA — e B BEAE . A
FHGESCHR P A0, ARG AR R PR M50 Rl il
BT I AR PR R R, T 4 R k3 - T AU
AR 2~ WA 2 — FEY 0 T T2 ) AR 1 1o oA
WLAE PR, AR K S ) AR g K
HAS R 35— PP

I, A AR AR o A 5 32 B vh e 2
ARAEH TSNS AR, H7 52 4R ( Asteraceae)
ISR AR, 525
(Spreng.) R. M. King et H. Rob.) .42 ( Galinsoga
parviflora Car.) F1 8} 18 & [ Crassocephalum crepidioides

P& % [ Ageratina adenophora
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(Benth.) S. Moore ) 2510 i A KR AF} ( Poaceae )
A P AR B DF TSR B . TEARARBHEY)
S R ) ) AR 53 22 S A, TR v i A SR
5 A FIR (gallic acid) BOLF 2 B 2 Bk 2 TR
T (ethyl 2-methylacetoacetate ) ' 3 /INZE {4k 8% 43
g2 Fh ORI R 2 A A , KA (Oryza sativa
Linn.) (A0 AT BEAE FE LG R 8 PR A I 2 |
B2 il I R SR 24y . HRT GC-MS 1k
I T A 458 B R 2 20% 19853 T LR
GC-MS 458 A7 29 80% 1 43 F it R FIE Tk
A ML G R GC-MS 3 B 4 2 I HOR
T EPEFUANRE AL LT To R ] GC-MS #7317 45
SE L ARBEFE, BLUAR C S FIE T I R IR A
REPR TR SEIMAR 22K S 2 — W 0 N B A 4 -2
Bh-3 - H AR o AV (R 2 = i v ) B AR RO
TEIEAREHEBR A7 78 Al AL o B T REE . AP AY
A AR T A1) o 1 o 2K R i ik R e
TR G Y AU P 35 ik 4
PR IE T BRI 14 F B — i o3 1 A 0% Ve R4 T
Bk, A AR ATV T 32 Mk 4 L) e Z2 Ak
SRR AT AR EAE T RN A Rt — 2D A5

ZEA WP A R P =g M KR Y B A o
BT HIE T B O b, b iR I i A A 1R
FBR AR 2R e 2 - TP BRI N 4 - k-3 -
FH AU BRE o AV AR A5 I 20 B B AR DT A HHE BT 13
3 R R KSR AR T
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