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ABSTRACT

The allelopathic potential of Abutilon theophrasti (Medik.) aerial parts was bioassayed against several
weeds including Portulaca oleracea, Corchorus olitorius, Echinochloa crus-galli and Arabidopsis thaliana
seedling growth and germination. Characteristics of A. theophrasti extracts possess high toxicity with increasing
concentration. The higher applied concentration from aqueous extracts was completely inhibited P. oleracea
seed germination by 100%, at 10 g DW100ml-1 compared to its control. Methanolic extracts represent a
significant inhibition in weeds total biomass fresh weight and LD50 values was 380 µg ml-1 (P. oleracea), 590
µg ml-1(E. crus galli) and 1150 µg ml-1 (C. olitorius). Bioassay-guided isolation revealed that there were 23
compounds on HPLC profile, while three active were identified and showed the highest inhibitory effects
against P. oleracea total biomass fresh weight by 79.17, 82.64 and 86.11%, respectively than the control.
Compound(1) was identified by spectroscopic details as kaempferol 3-O-β-(6”-p-coumaroylglucopyranoside),
while, compound 2 with molecular weight 360.2 corresponding to C18 H33O7 might be sesquiterpene derivative
and compound 3 with molecular weight 332.2 corresponding to C20 H29 O4  might be diterpene. The structure
of these compounds was elucidated by spectroscopic analysis, while further advanced studies are needed to
confirm the final chemical structure. The nature of these allelopathic constitutes will provide an alternative
natural solution for combating crop weeds.
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Introduction

Nature is full of bioactive materials with unexploited properties; the function of some compound in nature
is as allelochemicals produced by allelopathic plants. Thus bioactive natural products have been the source of
many pesticides, used either directly as crude preparations or as pure compounds. Allelopathy has been used
as the basis for identifying plant species which may contain phytotoxic chemicals. Abutilon theophrasti (Medik)
family Malvaceae; commonly called as Velvetleaf (Tackholm, 1974) possess various medicinal properties in
ethnobotanical surveys in traditional systems of medicine (Seetharam et al., 2002; Porchezhian and Ansari,
2005; Kaushik et al., 2009). Fortunately, they are a common field weeds in Egypt are spreading in most
summer crops.

Aqueous extracts of the ground seeds of A. theophrasti were inhibitory to tomato (Lycopersicum
esculentum) germinated in sterile and non-sterile soil in the laboratory (Gressel and Holm, 1964). Intact seeds
and seedling root exudates of velvetleaf (A. theophrasti) Medik. were used as chemo attractants to deleterious
rhizobacteria which mediated by exudates (chemo taxis) might be the first step in establishment and subsequent
colonization of biological control bacteria on weed seeds and seedling roots in soil, (Begonia and Kremer,
1994). Nine flavonoid compounds were isolated and identified from the flowers of A. theophrasti (Matławska
and Sikorska, 2005). Six flavonoid compounds were isolated from Velvetleaf (A. theophrasti Medik.) seed coats
and tentatively identified as delphinidin, cyanidin, quercetin, myricetin, (+)-catechin, and (–)-epicatechin.
Bioassays revealed that the flavonoid compounds significantly inhibited germination and radical growth of all
test species at a concentration of 1.0 mM (Paszkowski and  Kremer, 1988). The antifeedant activities of
methanolic extracts made from (A. theophrasti Medic.), was assessed in the laboratory at 0.5% and 5% dosages
against Colorado potato beetle (Leptinotarsa decemlineata Say) larvae, (Kutas and Nádasy, 2005).
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The objective of the present work focuses on determination of the allelopathic activity of velvetleaf
(Abutilon theophrasti), against economically summer weeds such as Portulaca oleracea, Corchorus olitorius,
Echinochloa crus galli and A. thaliana. Dose-response relationships between extract allelochemicals and the
weed species growth parameters were recorded. Components were purified by HPLC and some active
compounds were identified by spectroscopic methods.

Materials and methods

Plant materials:

Abutilon theophrasti aerial parts were collected in July to September, year 2007 from Wadi El-Natroun
region, Egypt. Samples were identified (Tackholm, 1974) and deposited with my collection at plant protection
department at the Desert Research Center in Cairo, Egypt. Seeds of (Portulaca oleracea), Nalta jute (Corchorus
olitorius) and Barnyard grass (Echinochloa crus-galli) were obtained from maize field, Maryout Station-Desert
Research Center. Seeds of mouse-ear cress (Arabidopsis thaliana) (wild-type A. thaliana ecotype Columbia
(Col-O)) was obtained from Lehle Seeds (Round Rock, TX), USA.

Aqueous Extraction and Seed Germination Assay:

Twenty grams of air-dried ground tissue were extracted with 200 ml distilled water on a rotary shaker for
4 hours at room temperature. The mixture was filtered through two layers of cheese cloth to remove debris,
and this filtrate was re-filtrated through a Whatman #4 filter paper and reserved for bioassays. The filtrate was
considered as 100 g DW L-1 and diluted to the following concentrations: 1.25, 2.5, 5 and 10 g DW 100 ml-1.
Seeds were surface sterilized using sodium hypochlorite (0.3% v/v) for 10-12 min and washed four times in
sterile double-distilled water, then ten seeds of maize (Zea mays), Purslane (Portulaca oleracea), Nalta jute
(Corchorus olitorius) and barnyard grass (Echinochloa crus-galli) each weed species was placed on a filter
paper in each of four petri-dishes (11 cm in diameter), and each treatment consisted of 10 ml of each dilution.
Sterile water was used as a negative control. Petri-dishes were incubated in the dark at 25°C. Germination
percentage (G %) and the shoot and root lengths of weed seedlings were determined at the terminated of
experiment (7 days after incubation).

Organic Extraction and Pre Emergence Assay:

Air dried plant aerial parts were ground and 300 grams extracted by soxhlet with methanol (95%), the
mixture was filtered and the solvent evaporated and  fifty milligrams of the resulting crude extracts of Abutilon
theophrastes were dissolved in 10 ml of ethanol for bioassays with sequence from concentrations (0, 200, 400,
800, 1000 and 1200) µg ml-1 to weed seedling. Seeds of P. oleracea, C. olitorius, E. crus-galli and A. thaliana
were surface sterilized using sodium hypochlorite (0.3% v/v) for 5 min. and washed four times in sterile
distilled water. Seeds were placed on static Murashige and Skoog (MS) basal media and allowed to germinate
for seven days until roots and shoots emerged. Seven-day-old seedlings were transferred to 24-well plates
containing 3 mL of liquid MS media where the roots were submerged. Seedlings were treated with the
concentrations as one seedling in each wall. Plant cultures were maintained on an orbital platform shaker set
at 90 rpm (Lab-Line Instruments, Inc., Melrose Park, IL) with a photoperiod of 16 h light and 8h dark at
25°C. Total biomass of each seedling was recorded ten days after treatment. All experiments were designed
with a randomized complete block design with four replicates. Data were statistically analyzed by ANOVA,
according to (Snedecor and Cochran, 1990) and treatment means were compared by LSD test at 5% level of
probability.

Purification of Allelopathic Substances:

Methanolic extracts fractionated by Combi FlashTM Retrieve System (ISCO, Lincoln, NE, USA) using
different sizes of normal phase flash columns (120 g Red-iSep TM, ISCO). Extracts were added to the top of
the column, and eluted in a successive system with increasing polarity using 100 ml each of (hexane, hexane:
chloroform (1:1), chloroform, chloroform: ethyl acetate (1:1), ethyl acetate, and methanol) to received 6
fractions. The fractions were evaporated to dryness under N2 and dissolved in methanol for using in bioassay.
Chloroform active fraction subject to further fractionation by sub-column fractionation, which eluted with
sequence from chloroform: methanol gradients as follow: F1 (90:10), F2 (80:20), F3 (70:30), F4 (60:40), F5
(50:50), F6 (40:60), F7 (20:80), respectively, Select sub active fractions were further purified using an HPLC
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system equipped with a P680 pump, an ASI-100 auto sampler, and a PDA-100 photodiode array detector
(Dionex Corp., Sunnyvale, CA). Samples were run on an analytical Dionex Acclaim 120 C18 column (5 um,
4.6 -150 mm) using gradient elution. Mobile phase consisted of 0.1% (v/v) acetic acid in water (Soln. A)-
MeOH (Soln. B) using the following linear gradient: 10% to 90% B over 40 min. The flow rate of the mobile
phase was 0.7 ml min-1 and the injection volume was 20 ul. The HPLC was coupled to a Thermo Finnigan
Surveyor MSQ mass spectrometer detector. Both positive and negative ionization was performed using
electrospray ionization with a nitrogen flow at 80 psi, a cone voltage of 70 V, a needle voltage of 3 kV, and
a cone temperature of 600 EC. Mass data were collected over the range of the gradient program at a rate of
one scan per two seconds. UV detection was recorded at 254, 280, and 310 nm.

Structure Elucidation:

Structure elucidation was deduced using 1H and 13C NMR spectra obtained using a Varian INOVA 400
instrument, operating at 400 MHz for 1HNMR and at 100 MHz for 13C NMR. The spectra were run in CD3OD;
chemical shifts are given in ppm and the coupling constant (J) in hertz (Hz), using TMS as an internal
standard. UV spectra ( max) obtained by HPLC /DIOAD ARRAY detector, molecular weight and mass
fragmentation were measured with FABMS (a Thermo Finnigan LCQ instrument, a Fision VG Autospec
apparatus).

Results and discussion

The phytotoxicity of A. theophrasti was screened through aqueous and organic extracts against some
economic weeds infested maize crop with sequence from extract concentration to determine the dose response
relationship between allelochemicals and the target weeds in addition to purified and identified the most active
compounds.

Evaluate the phytotoxicity of A. theophrasti aqueous extracts:

The activity of A. theophrasti aqueous extract bioassayed at 5 and10 g DW 100 ml-1 concentration
significantly decreased maize (Zea mays) germination by 44.4 and 74.0 %, root length by 70.51% and 80.76%
and shoot length by 53.60% and 75.94%, respectively compared with untreated control.  These extracts had
LD50 values calculated by 6.7g DW 100 ml-1 (shoot length), 3.8 g DW 100 ml-1(root length) and 7.3 g DW
100 ml-1 (germination). The above results are in agreement with those obtained by (Scepanovic, et al., 2008),
aqueous extracts of A. theophrasti inhibited germination, radical and coleoptiles length of Zea mays L. In the
other hands, the bioassayed against weeds revealed that A. theophrasti aqueous extracts possessed a significant
reduction in P. oleracea growth parameters and have LD 50 values by 7.3 DW 100   ml-1 (shoot length), 5.3
g DW 100 ml-1(root length) and 4.8 g DW 100 ml-1 (germination percentage). However, there was a less
response from E. crus-galli to A. theophrasti allelochemicals as compared with others weed response though
its LD 50 value of  8.4 DW 100 ml-1 (shoot length), 3.5 g DW 100 ml-1 (root length) and 9.6 g DW 100 ml-1

(germination percentage). The present result of C. olitorius was affected by  A. theophrasti aqueous extracts
and  had calculated LD50 value by 7.8 DW 100 ml-1(shoot length), 3.1 g DW 100 ml-1 (root length) and 6.6
g DW 100 ml-1(germination percentage). In generals, the efficacy of A. theophrasti aqueous extracts increases
with increasing concentration. So, there's a significant positive correlation between allelochemicals concentration
and weed seedling parameters reduction (Fig, 1 and 2).

Fig. 1: Phytotoxic activity of Abutilon theophrasti water extracts in seed germination.
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Fig. 2: Phytotoxicity of Abutilon theophrasi (aerial parts) aqueous leachate against seedling length.

Herbicidal Activity of A. theophrasti organic extracts:

Based on weed control efficiency from A. theophrasti methanolic extracted with six concentrations 400,
600, 800, 1000 and 1200 µg ml-1 plus the untreated control against the target weeds total biomass fresh weight,
showed a significant inhibition in P. oleracea, total biomass fresh weight recorded by 67.93, 82.44, 84.73 and
90.60%, respectively than  untreated control. Otherwise, the significant inhibitory appeared only from the higher
concentration (1000 and 1200 µg ml-1) on E. crus galli total biomass fresh weight were, 40.28 and 51.85%
respectively, with respect with their control. The observed reduction on C. olitorius total biomass fresh weight
was 48.63, 47.60 and 59.41%, at 800, 1000 and 1200 ug ml-1 respectively compared with the control. Finally,
A. theophrasti with all dilution significantly reduced A. thaliana total biomass by 33.1, 51.2, 53.7, 70 and 75.6
%, respectively with respect to their untreated control. The relative toxicity between the A. theophrasti
allelochemicals and the target weeds determined corresponding to LD50 values were as follows:  380 µg ml-1

for P. oleracea, 590 µg ml-1 for E. crus galli,  1150 µg ml-1 for C. olitorius and 405 µg ml-1 for A. thaliana,
(Fig.3).

Fig. 3: Response of the target weeds total biomass fresh weight to A. theophersti phytotoxicity

Purification and Characterization of A. Theophrasti Phytotoxin:

Based on the activity, the isolation and purification of phytotoxic substances produced by A. theophersti
aerial parts extracts fractionation by CombiFlash using gradient elution with increasing solvent polarity to
received 6 fractions. Chloroform was the most phytotoxic fraction and caused reduction in P. oleracea in total
biomass fresh weight by 94.05% at concentration 30 ug/ml-1, followed with hexane: chloroform  which
inhibited by (89.4%) as compared with the control (Fig, 4). Chloroform active fraction subject to further
fractionation by sub-column with sequence elution from chloroform: methanol gradients as follows: F1 (90:10),
F2 (80:20), F3 (70:30), F4 (60:40), F5 (50:50), F6 (40:60), F7 (20:80), respectively, that present 7 fractions
(Fig.4). The phytotoxicity bioassay pointed out that F3 was the most active sub fraction that achieved the
higher reduction in P. oleracea total biomass estimated by 94.62% as compared with the control.
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Fig. 4: Phytotoxicity A. theophrasti fractionation against P. oleracea total biomass fresh weight.

Regarding to the activity of sub fraction number 3 (F3) subjected to HPLC-UV detectors for the final
purification and its profile represent 23 compounds with amount ranged from 2 to 8 mg after evaporation by
nitrogen gas to dryness (Fig.5). The pure compounds tested with 30 µg/ml-1 concentration added to the liquid
media inoculated with seven-day-old P. oleracea seedlings. Total biomass of each seedling was recorded ten
days after treatment. Bioassay guided revealed  that there was many phytotoxic compounds while F16, F18
and F19 were the most active and pure compounds achieved reduction in total biomass fresh weight reached
79.17, 82.64and 86.11 %, respectively, compared with its control. On the other hands, others active compounds
checked with HPLC/MS for purity, which need more purification (Fig.5).

Fig. 5: Phytotoxicity of purified compound against P. oleracea total biomass fresh weight.

Spectral data: Compound (1):

Yellow amorphous powder (6 mg).  UV λmax MeOH 267, 300, 313, 355; + NaOAc 273, 314, 368; +
NaOAc/H3BO3 267, 312, 357; + NaOMe 271, 312, 389; + AlCl3 273, 302, 393; + AlCl3/HCl 275, 302, 393
nm. 1H-NMR (400 MHz, DMSO-d6): 12.50 (1H, s, 5-OH), 7.96 (2H, d, J = 8.9 Hz, H-2’, H-6’), 7.36 (2H,
d, J = 8.7 Hz, H-2’’’, H-6’’’), 7.32 (1H, d, J = 15.9 Hz, H-β), 6.82 (2H, d, J = 8.9 Hz, H-3’, H-5’), 6.77 (2H,
d, J = 8.7 Hz, H-3’’’, H-5’’’), 6.24 (1H, d, J = 1.5 Hz, H-8), 6.12 (1H, d, J = 15.9 Hz, H-α), 6.04 (1H, d,
J = 1.5 Hz, H-6), 5.39 (1H, d, J = 7.5 Hz, H-1 ”), 4.26 (1H, br dd, J = 2.1, 11.8 Hz, H-6”a), 4.01 (1H, dd,
J = 6.3, 11.8 Hz, H-6”b), δ 3.16 (1H, m, H-4 ”), 3.21 (1H, m, H-2”), 3.25 (1H, m, H-3”), 3.37 (1H, m, H-5”).
13C-NMR (100 MHz, DMSO-d6): δ 62.9 (C-6”), 69.8 (C-4”), 74.0 (C-2”), 74.1 (C-5”), 77.2 (C-3”), 101.2 (C-
1”), 93.9 (C-8), 99.4 (C-6),176.8 (C-4), 166.1 (C=O ester), 166.1 (C-7), 161 (C-5), 159.9 (C-4’), 159.9  (C-
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4’’’), 156.5 (C-9), 155.8 (C-2),144.6 (C-β), 132.9 (C-3), 130.6 (C-2’,C-6’), 130.1 (C-2 ’’’, C-6’’’), 124.8 (C-
1’’’),120.8 (C-1’), 115.7 (C-3’’’, C-5’’’), 115.0 (d, C-3’, C-5’), 113.5 (C-α), 102.8 (C-10),  ESI-MS m/z 596
[M+1]+ calculated for C30H27O13. From the above data the compound was confirmed as kaempferol 3-O-β-D-
(6”-E-p-coumaroyl) glucopyranoside (Tiliroside), compared with that mentioned previously in literature and has
been isolated before from Abutilon theophrasti flowers (Matiawska and Sikorska, 2005; Sikorska and
Matlawska, 2008).

The second active compound (2) in HPLC profile number F18 appeared at retention times, 45.o minute
which compound 2 with molecular weight 360.2 corresponding to C18 H33O7 might be sesquiterpene derivative.
It showed UV absorbance with λ max 268.4nm in MeOH and mass spectrum fragments m/z (M+1) at
360.2(100%), 277.2 (53%), 185.08(42%), 129.06(10%) and 121.04 (5%). In the NMR spectra most of the
resonances (CDCl3) were as follow: 13CNMR:177.3, 102.6, 56.1, 54.2, 34.1, 33.4, 31.6, 29.2, 28.7, 25.3, 24.8,
24.5, 22.24, 16.05, 15.8, 15.6, 13.2, and 13.05. 1HNMR:4.90, 4.73, 3.43, 3.20, 2.02, 1.78, 1.58, 1.23, 0.87. 

The third active compounds (3) appeared in HPLC profile number F19 at retention times, 49.19 minute
which compound 2 with molecular weight 332.2 corresponding to C20 H29 O4 might be diterpene and showed
a UV absorbance with λ max 296.7 nm in MeOH and a molecular mass of 332.20. The mass spectrum show
characteristic fragments at m/z (M+1): 333.2 (100), 315 (35%), 301.13 (11%), 273.18 (8%),245.15 (12.5%),
235.13 (10.0%), 207.10 (9%), 185.08 (22%), 157.05 (8%), 129.0 (7%), 111.5 (4%), 79.04 (2%), 68.99 (2%).
In the NMR spectra (CDCl3) were as follows: 13C-NMR:177.3,162.3,133.5,132.0,129.8, 128.0,72.1,56.4,35.0,
34.0,3 1.7,29.4,28.9, 27.3, 26.9,24.9,22.4,20.4,13.2. 1HNMR:5.35,4.08,3.62,3.43,2.94, 2.27,2.13,2.04,1.66,
1.57,1.27,0.95,0.89.

LCMSMS compound 1



249Res. J. Agric. & Biol. Sci., 7(2): 243-250, 2011

LCMSMS compound 3. LCMSMS compound 2.

Fig. 6: Fragmentation of phytotoxic compounds isolated from Abutilon theophrasti by LCMSMS.

Compound 2 and 3 may be have new  chemical structure (Fig. 6) so that these were needed further
spectroscopic work to obtain their complete structure which different than previous terpenes compounds isolated
from Abutilon species by (Sharma and Ahmad, 1989) afforded two sesquiterpene lactones identified as
alantolactone and isoalantolactone from Abution indicum. In recent years, the traditional uses of natural
compounds, especially of plant origin received much attention as they are well tested for their herbicidal
efficacy and generally safe for human use.

In recently bioassays the phytotoxicity of Abutilon theophrasti aerial parts was reported for both extracts
aqueous and organic to different economic weeds P. oleracea, C. olitorius, E. crus-galli and A. thaliana which
infested most summer crop in Egypt regardless of multiple phytotoxin. Thus the herbicidal activity of Abutilon
theophrasti most potent to examined. Only minimal research has been undertaken to explore the suitability of
crude plant extracts as viable natural herbicides (Duke et al., 2002). The results indicated that increasing the
applied concentration from aqueous and organic extracts increasing phytotoxicity to weed parts, in addition to
most allelochemicals able to extracts with water. The data also indicated that there was a marked superiority
of organic extract in weed suppression than aqueous extract. Meanwhile, roots lengths of the tested plants were
more sensitive to extract than shoot lengths this may be due to the roots was in direct contact with
allelochemicals. The sensitivity of weed to A. theophrasti varied greatly from A. thaliana have the highest
response than P. oleracea came in the second category, followed with C. olitorius, However E. crus-galli
showed the lowest response to extracts. The phytotoxicity of A. theophrasti reported by (Dornbos and Spencer,
1990) to garden cress (Lepidium sativum L.). Terpenes compounds isolated from A. theophrasti aerial parts
were more responsible for the higher toxicity than flavonoid compound regardless of reduction value. The
biological activity of aqueous extracts of velvetleaf (Abutilon theophrasti Medik.) seed coats and their flavonoid
components against three plant species and five soil fungi was investigated by (Paszkowski and Kremer, 1988).
Further studies have shown larvicidal activity of Abutilon indicum (Abdul Rahuman et al., 2008). Abutilon
theophrasti is allelopathic plants offer a vast array of secondary compounds have the potential role of use
directly as natural herbicide substitute or as structural leads for new synthetic herbicide.
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