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Abstract
This paper aims to study the phytotoxic potential of Echinochloa colona in order to explore its potential as bioherbicide. 

In this way, the phytotoxic effects of the most active fraction and pure compound from methanol (MeOH) extract of 
E. colona shoots on germination and seedling growth of ten weed species and on E. colona itself were evaluated. A lettuce 
seed bioassay indicated that dichloromethane (CH2Cl2) soluble fraction of MeOH extract had the most phytotoxic activ-
ity. The most phytotoxic active compound of CH2Cl2 fraction was isolated and identified as tricin. Different concentrations 
of CH2Cl2 fraction (100, 500, 1000 mg L–1) and tricin (50, 100, 200 µmol L–1) were used to assess their phytotoxicity on 
germination and seedling growth of Portulaca oleracea, Corchorus olitorius, Brachiaria reptans, Euphorbia hetero-
phylla, Dinebra retroflexa, Hibiscus trionum, Amaranthus graecizans, Amaranthus hybridus, Convolvulus arvensis, Setaria 
pumila and E. colona. Low concentration of CH2Cl2 fraction (100 mg L–1) significantly stimulated germination and seed-
ling growth of some test species. There was no significant effect of the low concentration of tricin (50 µmol L–1) on 
germination and elongation of roots and shoots of species. Higher concentrations of CH2Cl2 fraction (500, 1000 mg L–1) 
and tricin (100, 200 µmol L–1) inhibited germination and seedling growth of most species. The results suggest that CH2Cl2 
fraction and tricin might be potentially useful as bioherbicide for weed control in agriculture. 

Additional key words: allelochemicals; bioherbicide; tricin; weed control.

Resumen
Efectos fitotóxicos de extractos de Echinochloa colona (L.) Link. (Poaceae) sobre la germinación y el crecimiento 
de plántulas de malas hierbas

En este trabajo se estudia el efecto fitotóxico de la planta Echinochloa colona para explorar su potencial como 
herbicida natural. Se evaluaron los efectos fitotóxicos de la fracción más activa y del compuesto más puro del extrac-
to de metanol de tallos de E. colona sobre la germinación de semillas y el crecimiento de plántulas de diez malas 
hierbas incluyendo E. colona. El ensayo biológico en semillas de lechuga indicó que la fracción soluble del dicloro-
metano (CH2Cl2) mostró la actividad fitotóxica más importante. Se aisló e identificó el componente activo más fito-
tóxico del CH2Cl2, que fue la tricina. La fitotoxicidad de estos compuestos se analizó con tres concentraciones distin-
tas de CH2Cl2 (100, 500 y 1000 mg L–1) y tres de tricina (50, 100, 200 µmol L–1) sobre la germinación de semillas y el 
crecimiento de plántulas de las especies Portulaca oleracea, Corchorus olitorius, Brachiaria reptans, Euphorbia he-
terophylla, Dinebra retroflexa, Hibiscus trionum, Amaranthus graecizans, Amaranthus hybridus, Convolvulus arven-
sis, Setaria pumila, y también E. colona. La concentración 100 mg L–1 de CH2Cl2 estimuló significativamente la ger-
minación de semillas y el crecimiento de plántulas de algunas de las especies de estudio. No hubo ningún efecto sig-
nificativo de la concentración 50 µmol L–1 de tricina sobre la germinación de semillas o la elongación de raíces y tallos 
de las especies. Concentraciones más altas de CH2Cl2 (500, 1000 mg L–1) y tricina (100, 200 µmol L–1) inhibieron 
la germinación de semillas y el crecimiento de plántulas de la mayoría de las especies. Los resultados sugieren que la 
fracción soluble del CH2Cl2 y la tricina podrían ser potencialmente empleadas como herbicidas para el control de 
malas hierbas en las prácticas agrícolas. 

Palabras clave adicionales: compuestos aleloquímicos; control de malas hierbas; herbicidas biológicos; tricina.
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Introduction 

Allelopathy is any direct or indirect, harmful or 
beneficial effect that a plant or microorganism exerts 
on another plant by the release of chemical compounds 
into the environment (Rice, 1984). These allelochemi-
cals are secondary metabolism products produced by 
plants. Such natural compounds have the potential to 
be exploited as antibacterial agents, fungicides, insec-
ticides and herbicides or as leads for discovery of new 
derivatives (Duke et al., 2000; Copping & Duke, 2007). 

Weeds affect crops by competing with them for dif-
ferent environmental resources, as well as by the re-
lease of allelochemicals. When these effects occur 
concomitantly, the harm caused by weeds becomes 
even greater. Losses in crop yield and production 
caused by weeds are well documented in many studies 
(e.g., Akobundu, 1987; Swanton et al., 1993). The ap-
plication of synthetic herbicides reduces the amount of 
human labor necessary for hand weeding and controls 
weeds not economically or feasibly controlled by other 
methods. Moreover, they allow greater flexibility in the 
choice of management systems. Despite the benefits of 
commercial herbicides, the negative impacts of their 
use in relation to environmental contamination make 
it necessary to diversify the weed management options 
(Putnam, 1988; Weston, 1996). A large number of al-
lelochemicals including phenolics, sequiterpenes, fla-
vonoids, terpenes, alkaloids that exhibit strong phyto-
toxic activity (Qasem & Foy, 2001) have been 
identified in various weeds. Some allelochemicals from 
weeds have been extracted, purified and applied as 
bioherbicides, such as parthenin from Parthenium 
hysterophorus L. (Batish et al., 1997) and artemisinin 
from Artemisia sp. (Dayan et al., 1999; Duke et al., 
2000). Studies on weeds are important in order to ex-
plore weed species with phytotoxic potential. These 
weeds could play effective roles for weed control in-
stead of chemical herbicides application (Fujii, 2001), 
thereby reducing the risk of environmental toxicity due 
to application of chemical herbicides.

Echinochloa colona (L.) Link. is an annual weed 
belonging to the family Poaceae. It has become one of 
the world’s most serious grass weeds (Holm et al., 
1991; Chauhan & Johnson, 2009). It is a major weed 
in many crops, including rice, corn, sorghum, sugar-
cane, cotton, peanut, and cassava (Holm et al., 1991). 
Losses in crop yield production due to E. colona have 
been reported in several studies (Chander et al., 2008). 
This weed is also an alternate host of diseases, insects, 

and nematodes (Holm et al., 1991). E. colona is wide-
spread throughout different habitat types and is a 
dominant species of weed communities of summer 
crops and orchards in Egypt (Shaltout et al., 1992; 
Hegazy et al., 2004). It is characterized by a high rela-
tive growth rate (RGR) together with a high dry matter 
investment into leaves, during seedling and juvenile 
stages. This promotes the competitive ability of the 
species and may ensure a resource turnover from veg-
etative to reproductive structures later in the plant life 
cycle (Hegazy et al., 2005). E. colona begins to pro-
duce flower buds early in its lifespan, a behavior that 
ensures some seed production even in years with a 
short growing season (Hegazy et al., 2005). Though 
E. colona is one of the most serious grass weeds, its 
phytotoxic potential has received little attention. Swain 
et al. (2008) evaluated the allelopathic potential of 
E. colona leachates on rice. They pointed out that rice 
root growth was completely inhibited with 10% w/v 
leachates of 60 days old plant, and that the decompos-
ing and decomposed leachates reduced rice shoot 
growth by 57% and 84%, respectively. 

The objectives of our study were: i) to determine the 
most phytotoxic active organic solvent fraction of 
MeOH extract of E. colona shoots; ii) to isolate and 
identify the most phytotoxic active compound in that 
fraction; and iii) to analyze the phytotoxic effects of 
the most active fraction and the isolated compound on 
the germination and seedling growth of ten weed spe-
cies and of E. colona itself. 

Material and methods

Vegetation composition of E. colona 
communities

The weed vegetation was sampled in some 20 stands 
representing maize (Zea mays L.) and cotton (Gossy-
pium barbadense L.) fields where E. colona grew dur-
ing August 2009 in Minya governorate, Egypt. Minya 
governorate (27°30' N–28°36' N, 30°23' E–31°09' E; 
47 m a.s.l) lies about 245 km south of Cairo. It is an 
important agricultural region in Egypt. The soil of the 
cultivated land is fine-grained and very fertile, because 
it is composed of natural minerals and organic mate-
rial. The governorate is characterized by dry climate. 
The average annual rainfall is 5.3 mm. 

The area of the stand was 20 × 20 m. In each stand, 
the present species were recorded and their cover was 
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evaluated visually as percentage of the ground surface 
in 10 randomly sampled quadrats (1 × 1 m each). Species 
identification and nomenclature followed Boulos & El-
Hadidi (1994) and Boulos (2009). The species composi-
tion of E. colona communities are presented in Table 1. 
Weed communities in most of the surveyed stands were 
dominated by E. colona. Codominant species were Por-
tulaca oleracea, Corchorus olitorius and Brachiaria 
reptans. The common associated species were repre-
sented by Euphorbia heterophylla, Dinebra retroflexa, 
Hibiscus trionum, Amaranthus lividus, Amaranthus 
hybridus, Sida alba, and Convolvulus arvensis.

Collection of plant material

Shoots of E. colona were collected at the flowering 
stage from a maize field, dried at room temperature for 
two weeks and then ground to fine powder (2 mm size) 
using a grinder. Seeds of ten weed species (P. oleracea, 
C. olitorius, B.reptans, E. heterophylla, D. retroflexa, 
H. trionum, Amaranthus graecizans, A. hybridus, 
C. arvensis, and Setaria pumila) representing the dif-
ferent abundance categories in E. colona communities 

as well as seeds of E. colona were collected from cot-
ton and maize fields in Minya governorate during 
August and September 2009. The collected seeds were 
air-dried at room temperature for one week. These weed 
species were used as test species to determine the phy-
totoxic potential of E. colona.

Extraction

Dried shoots of E. colona (2 kg) were extracted by 
soaking with 10 L of a high polar solvent (methanol) 
for recovering most of plant secondary metabolites like 
polyphenols and antioxidants (Peschel et al., 2006; 
Bushra et al., 2009). Methanol (MeOH) extract showed 
the highest activity compared to other used solvents 
(ethanol and ethyl acetate) according to our preliminary 
test (data not shown). MeOH extract was then dried 
using rotary evaporator (SENCO, Shanghai Senco 
Technology Company, Shanghai, China) at 45°C and 
reduced pressure. Using soxhlet apparatus (Linuo 
Group Co., Ltd., No 38, Shandong, China), the dried 
extract (117.4 g) was separated into four groups using 
gradual solvent extraction method (from low to high 

Table 1. Mean cover values of the species constituting E. colona communities in 20 surveyed stands

Species Family Cover (%)

Amaranthus graecizans L. Amaranthaceae 0.07
Amaranthus hybridus L. Amaranthaceae 0.80
Amaranthus lividus L. Amaranthaceae 0.80
Brachiaria eruciformis (Sm.) Griseb. Poaceae 0.07
Brachiaria reptans (L.) C.A. Gardner & C.E.Hubb. Poaceae 4.60
Cenchrus biflorus Roxb. Poaceae 0.01
Convolvulus arvensis L. Convolvulaceae 0.60
Corchorus olitorius L. Tiliaceae 3.70
Cynodon dactylon (L.) Pers. Poaceae 1.70
Cyperus rotundus L. Cyperaceae 0.08
Dactyloctenium aegyptium (L.) Willd. Poaceae 0.01
Digitaria sanguinalis (L.) Scop. Poaceae 0.01
Dinebra retroflexa (Vahl.) Panz. Poaceae 0.09
Echinochloa colona (L.) Link. Poaceae 10.70
Eragrostis cilianensis (All.) F. T. Hubb. Poaceae 0.01
Euphorbia heterophylla L. Euphorbiaceae 1.80
Euphorbia prostrata Aiton Euphorbiaceae 0.05
Hibiscus trionum L. Malvaceae 0.50
Panicum repens L. Poaceae 0.03
Paspalum distichum L. Poaceae 0.01
Portulaca oleracea L. Portulacaceae 7.30
Sesbania sesban (L.) Merr. Fabaceae 0.02
Setaria pumila (Poir.) Roem. & Schult. Poaceae 0.02
Setaria verticillata (L.) P. Beauv. Poaceae 0.01
Sida alba L. Malvaceae 0.50
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polarity): 1 L of heptane (F1, 21.2 g, 1.06% of dry 
weight), dichloromethane (CH2Cl2) (F2, 47.5 g, 2.37% 
of dry weight ), n-butanol (n-BuOH) (F3, 18.9 g, 0.95% of 
dry weight) and 70% ethanol (F4, 28.6 g, 1.43% of dry 
weight). 

Lettuce seed bioassay

Lettuce (Lactuca sativa L.) seeds were used to test 
germination response to different concentrations of frac-
tions and sub-fractions collected during column chro-
matography. A very little amount of dimethyl sulfoxide 
(DMSO) was used to redissolve the dry fractions and 
sub-fractions then diluted by distilled water to five con-
centrations as 25, 50, 100, 200 and 400 mg L–1. Seeds 
were surface sterilized with 0.1% mercuric chloride for 
5 min, then washed three times in distilled water. Three 
replicates, each of 50 seeds, were prepared for each treat-
ment using sterile Petri dishes (4 cm) lined with one 
sterile filter paper (Whatman, No. 1). Five milliliters of 
test solutions were added to each Petri dish. The control 
groups were treated with 5 mL of 1% DMSO. Petri 
dishes were then placed in an unilluminated incubator 
adjusted at 25°C (NO: G150, Biotech Co. for Medical 
& Laboratory Equipments, Cairo, Egypt). After five 
days, the seedling length was measured and the sensitiv-
ity of the lettuce seeds test indicated which of the frac-
tions and sub-fractions were active.

Isolation, purification and identification  
of the most active pure compound

Results of lettuce bioassay showed that the CH2Cl2 
fraction (F2) which got most of MeOH extract com-
pounds exhibited the highest phytotoxic activity and it 
was selected for further analysis. Further separation of 
fraction on a silica gel column chromatography (Merck 
KGaA, Darmstadt, Germany) was carried out using a 
gradient of acetone: ethanol (30:1 to 5:1) as a mobile 
phase depending upon thin layer chromatography 
(TLC) analysis (Merck KGaA, Darmstadt, Germany) 
to obtain 12 sub-fractions. Actually we got most of 
compounds in F2 within the early sub-fractions (F2-1 
to F2-5) as we started with high polar solvent mixture 
and the rest sub-fractions were of low weight. The sub-
fractions were subjected to another bioassay for lettuce 
seeds germination to determine the most active sub-
fraction (F2-9, 2.57 g, 0.128% of dry weight) which 

was then concentrated under pressure using rotary 
evaporator. The concentrated sub-fraction (F2-9) was 
eluted on Sephadex LH-20 chromatography (Merck 
KGaA, Darmstadt, Germany) by using CH2Cl2: chlo-
roform (20:1 to 10:1), and then the elute was divided 
into other four sub-fractions (F2-9-1 to F2-9-4) that 
represented 0.017, 0.021, 0.027, 0.062 % of dry weight, 
respectively. The sub-fraction F2-9-4 was the most 
active in comparison with the rest sub-fractions which 
then concentrated under reduced pressure and purified 
by high performance liquid chromatography (HPLC) 
with octadecylsilane (ODS) column to yield a pure 
compound. The isolated pure compound was identified 
based on spectroscopic analyses (1H and 13C nuclear 
magnetic resonance, NMR) and comparison of obtained 
data with previous literature values of Watanabe (1999), 
Stochmal et al. (2001) and Kuwabara et al. (2003). 

HPLC analysis of free phenolic compounds  
in CH2Cl2 fraction

After drying, the residue of most active fraction was 
dissolved in HPLC grade MeOH to give 1000 mg L–1 
and then 20 μL of methanol-dissolved sample was in-
jected into HPLC system (Shimadzu class, Shimadzu 
Corporation, Kyoto, Japan). HPLC system consisted 
of diode-array detector and column Lichrosorb Si-60, 
7 µm, 3 × 150 mm. Mobile phase consisted of water/
acetonitrile, Linear Gradient from 5 to 100% in 40 min. 
The analysis was based on the comparison of the reten-
tion time of 25 standard pure phenolic compounds 
(Sigma-Aldrich Laborchemikalien, Seelze, Germany) 
with those in the plant samples detected at 254 nm. 
Eight compounds were identified by peak area measure-
ment relative to the standard peak area (coumarin, re-
sorcinol, apigenin and cinnamic, syringic, chlorogenic, 
ferulic, protocatechuic acids). 

Effects of the most active fraction and pure 
compound on the seed germination  
and the seedling growth of test species 

The most active fraction against lettuce was dissolved 
in a very little amount of DMSO and then diluted with 
distilled water to prepare the test solutions as 100, 500 
and 1000 mg L–1. A 200 µmol L–1 solution of the pure 
compound was made up in 1% DMSO and serially di-
luted with distilled water to obtain 100 and 50 µmol L–1 
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solutions. Distilled water containing 1% DMSO was 
used as the control. Before the experiment was carried 
out, the seeds of the test weeds were put into a solution 
of H2SO4 (90%) for 2 min to loosen the seed coat. The 
seeds were then cleaned several times with distilled 
water and then air-dried. Twenty five seeds of each test 
species were placed in separate Petri dishes that con-
tained filter paper (Whatman, number 1) wetted with 
10 mL of CH2Cl2 fraction or the pure compound. The Petri 
dishes were placed in an unilluminated incubator at 28°C 
(NO: G150, Biotech Co. for Medical & Laboratory 
Equipments, Cairo, Egypt). The percentage of germina-
tion and the length of seedling root and shoot of the test 
species were measured after ten days.

Statistical analysis

Germination and seedling growth bioassays were 
conducted with three replications. The data were sub-
jected to one-way analysis of variance, and treatment 
means were compared to the control at p < 0.05 by 
Tukey’s post-hoc test. Statistical analysis was done 
with SPSS 11.1 for Windows statistical software pack-
age (SPSS, Chicago, IL, USA).

Results

Identification of the most active isolated 
pure compound and HPLC analysis for free 
phenolic compounds in CH2Cl2 fraction

Lettuce seed preliminary bioassay results (data not 
shown) indicated that CH2Cl2 fraction and its two sub-

fractions F2-9 and F2-9-4 had the highest phytotoxic 
activity. The sub-fraction F2-9-4 was purified using 
HPLC with ODS column to yield the pure compound 
(95.3 mg, 0.005% of dry weight). 

According to the spectroscopic analyses of the pure 
compound [1H NMR (DMSO-d6) δ; 3.88 (6H, s, 
CH3O- × 2), 6.20 (1H, d, J = 2.0 Hz, H-6), 6.55 (1 H, 
d, J = 2.0 Hz, H-8), 6.93 (1H, s, H-3), 7.31 (2H, s, H-2' 
and 6') and 13C NMR (DMSO-d6) δ; 56.4 (6H, s, 
CH3O- × 2), 94.1 (C-8), 98.3 (C-6), 103.9 (C-3), 105.6 
(C-10), 104.6 (2C, C-2' and 6'), 120.2 (C-1'), 139.9 
(C-4'), 148.1 (2C, C-3' and 5'), 156.9 (C-9), 157.7 
(C-5), 163.6 (C-2), 164.2 (C-7), 182.1 (C-4)] and by 
comparing spectrometry analyses results with previous 
literature values of Watanabe (1999), Stochmal et al. 
(2001) and Kuwabara et al. (2003), the compound is 
tricin (5,7,4'-trihydroxy-3',5'-dimethoxyflavone).

Eight phenolic compounds were identified in the 
CH2Cl2 fraction. Cinnamic acid was recorded as the major 
component followed by coumarin and resorcinol (32.1, 
19.3 and 17.3% of the total concentration of the deter-
mined free phenols, respectively). Moreover, chloro-
genic acid, apigenin, syringic acid, ferulic acid and 
protocatechuic acid were identified in smaller amounts 
(Table 2).

Effects of the CH2Cl2 fraction and tricin on 
the seed germination and the seedling growth 
of the test species 

The effects of CH2Cl2 fraction on the germination 
and seedling growth of the test weed species are shown 
in Fig. 1. The lowest concentration of CH2Cl2 fraction 
(100 mg L–1) significantly (p < 0.05) stimulated germi-

Table 2. Quantitative determination of phenolic compounds present in CH2Cl2 fraction of 
E. colona MeOH extract using HPLC analysis

Standard phenolic  
compounds

Retention time (min) Concentration
(µg g-1 dry weight)Standard Sample

Protocatechuic acid 12.736 12.577 8.063
Resorcinol 13.739 13.923 33.828
Chlorogenic acid 16.331 16.523 17.243
Syringic acid 18.379 18.263 12.530
Coumarin 22.208 21.322 37.650
Ferulic acid 24.853 24.732 9.645
Cinnamic acid 36.149 36.214 62.632
Apigenin 37.984 37.951 13.730
Total 195.258
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Figure 1. Effects of the CH2Cl2 fraction of E. colona MeOH extract on (a) germination, (b) root length and 
(c) shoot length of weed species. Vertical bars are standard deviations from the mean. *: significant differences 
at p < 0.05. 

  control        100 mg L–1        500 mg L–1        1,000 mg L–1
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nation of D. retroflexa, root elongation of A. hybridus, 
E. colona and H. trionum and shoot length of B. reptans 
and D. retroflexa (31.3, 16.3, 37.3, 25.8, 36.6 and 
58.3% stimulation compared with control, respec-
tively). The germination of B. reptans and C. arvensis 
was significantly (p < 0.05) reduced by 26.4 and 27.4%, 
respectively in response to the application of 500 mg L–1 
of CH2Cl2 fraction. This concentration also signifi-
cantly inhibited (p < 0.05) the root length of all species 
and caused significant inhibition (p < 0.05) to shoot 
length of seven of the test species (A. graecizans, 
A. hybridus, B. reptans, E. colona, H. trionum, P. olera-
cea, and S. pumila). The highest applied concentration 
of fraction (1000 mg L–1) significantly reduced 
(p < 0.05) germination, root and shoot length of all 
species. The highest degrees of inhibition were repor
ted for germination of C. olitorius (63.2%), A. graeci-
zans (63.1%) and D. retroflexa (62.5%), root length of 
A. graecizans (79.2%) and E. colona (78.4%) and shoot 
length of S. pumila (81.8%) and A. graecizans (79.4%) 
in comparison with control.

There was no significant effect of tricin at 50 µmol L–1 
on germination and the elongation of roots and shoots 
of test species. Application of 100 µmol L–1 signifi-
cantly (p < 0.05) reduced germination of A. graecizans 
(6.5% compared to control). The same concentration 
significantly (p < 0.05) inhibited root elongation of all 
test species except for D. retroflexa. The shoot length 
of four species (A. graecizans, E. colona, H. trionum 
and S. pumila) of the 11 test weeds was significantly 
(p < 0.05) reduced (44.1, 43.7, 42.3 and 39.4%, respec-
tively) when treated with 100 µmol L–1 tricin. Except 
for C. arvensis and P. oleracea, germination of all spe-
cies was significantly (p < 0.05) reduced at 200 µmol L–1 
tricin and the greatest suppressions were reported for 
A. graecizans (52.2%) and D. retroflexa (49.9%). The 
root and shoot elongation of all species was signifi-
cantly (p < 0.05) inhibited in response to treatment with 
200 µmol L–1 tricin and the highest root inhibition 
values were recorded for S. pumila (76.9%) and A. hy­
bridus (71.4%), while the greatest shoot inhibitions 
were exhibited by S. pumila (81.8%) and E. hetero-
phylla (72.7%) (Fig. 2).

Discussion 

The results indicated that the phytotoxic effects of 
E. colona on the test species are concentration–depend-
ent. Our results agree with the findings of other studies 

which indicated that lower concentrations of some 
phytotoxic compounds can stimulate plant growth, 
while higher concentrations cause inhibition (Ghareib 
et al., 2010; Ma et al., 2011). This can be attributed to 
the fact that low dose of phenolic compounds stimulate 
protein synthesis and activation of antioxidant enzymes 
(Baziramakenga et al., 1995) which are effective in 
plant protection (Kleiner et al., 1999), while high lev-
els of phenolic application result in plant damage 
(Politycka et al., 2004). Under field conditions E. colo
na may stimulate or inhibit other plants depending on 
its density and cover. The phytotoxic effect of both 
CH2Cl2 fraction and tricin is also weed species-depend-
ent, i.e., the test species showed different responses to 
both CH2Cl2 fraction and tricin indicating different 
tolerance of the weed species. Several researchers have 
also reported differences between weeds in their toler-
ance to phytotoxic effects (e.g., Batish et al., 2004). 
Root growth is the most sensitive variable followed by 
shoot growth then seed germination. These results are 
supported by the findings of Meksawat & Pornprom 
(2010) who have reported that root length was the most 
reliable response variable because it had a high sensi-
tivity to allelochemicals.

Tricin is a flavonoid compound that occurs in its 
glycosidic form in rice bran and other grass species 
such as wheat, barley and maize (Cai et al., 2005). The 
findings of the present study prove the phytotoxic activ-
ity of tricin on the test weed species. Flavonoids could 
be associated with plant resistance to weed, where 
previous studies revealed the higher flavoniods contents 
of weed resistant varieties of rice than those of sensitive 
variety (Grayer et al., 1994; Stevenson et al., 1996). 
Kong et al. (2004) reported that tricin isolated from 
leaves of allelopathic rice accession PI 312777 sig-
nificantly inhibited the growth of weeds like Echinoc-
hloa crus-galli, Cyperus difformis and Cyperus iris, 
and the spore germination of fungal pathogens such as 
Pyricularia oryzae and Rhizoctonia solani. 

The phytotoxic effects of the CH2Cl2 fraction were 
stronger than those of tricin. This can be related to the 
fact that the fraction contains phenolic compounds (as 
indicated by the HPLC analysis) in addition to tricin. 
These phenolics may contribute to the phytotoxic activ-
ity of the fraction. Phenolic compounds have been 
identified as phytotoxic agents (Reigosa et al., 1999; 
Ghareib et al., 2010). The findings of the present study 
suggest the potential of E. colona as bioherbicide. 
Several studies have documented the potentiality of 
plant products as bioherbicides. Macías et al. (2000) 
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Figure 2. Effects of tricin on (a) germination, (b) root length and (c) shoot length of weed species. Vertical bars 
are standard deviations from the mean. *: significant difference at p < 0.05.

  control        50 µmol L–1        100 µmol L–1        200 µmol L–1
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suggest that the natural product dehydrozaluzanin C 
obtained from different weeds of the Compositae fam-
ily exhibits phytotoxic activity levels which are com-
parable (or even higher) with those of the commercial 
herbicide Logran®. In the same context, confertiorin 
isolated from Ambrosia confertifora has been reported 
to inhibit the germination of Amaranthus palmeri and 
Amaranthus retrofexus (Fischer & Mabry, 1985). 
Moreover, Khanh et al. (2006) proved that Stylosanthes 
guianensis showed significant herbicidal effects against 
Echinochloa crus-galli and Monochoria vaginalis. 
They attributed its phytotoxicity to the presence of 
several allelochemicals in S. guianensis including phe-
nolic acids, coumarin and long-chain fatty acids. 

The wide distribution and the dominancy of E. colo-
na over other weed species which reported in other 
studies (Shaltout et al., 1992; Hegazy et al., 2004) and 
also in this study may be attributed to its phytotoxic 
stress on other weed species which documented in the 
present study. El-Khatib (2000) pointed out that allelo-
pathic plants tend to form pure dense patches with rela-
tively few other species growing within their vicinity.

Conclusively, the CH2Cl2 fraction of E. colona 
MeOH extract and the isolated compound tricin have 
significant phytotoxic effects on the germination and 
seedling growth of weeds. So, they might be poten-
tially useful as bioherbicide for weed control in agri-
culture which should be investigated further in the field 
for their practical application.

Acknowledgments

The authors thank Prof. Dr. Francisco A. Macías, 
Dr. Juan Carlos G. Galindo and their research group 
members at Department of Organic Chemistry, Fac-
ulty of Science, University of Cadiz (Spain) for their 
help and support. The authors also thank Dr. F. Xavier 
Picó, Departamento de Ecología Integrativa, Estación 
Biológica de Doñana (Spain) for the Spanish translation 
of abstract.

References 
Akobundu IO, 1987. Weed science in the tropics. Principles 

and practices. Wiley, Chicester, UK, 522 pp. 
Batish DR, Kohli RK, Singh HP, Sexena DB, 1997. Studies 

on herbicidal activity of parthenin – a constituent of 
Parthenium hysterophorus – toward billy-goat weed. Curr 
Sci 73: 369–371.

Batish DR, Setia N, Singh HB, Kohli RK, 2004. Phytotoxic-
ity of lemon-scented eucalypt oil and its potential use as 
a bioherbicide. Crop Prot 23: 1209–1214.

Baziramakenga R, Leroux GD, Simard RR, 1995. Effects of 
benzoic and cinnamic acids on membrane permeability 
of soybean roots. J Chem Ecol 21: 1271–1285.

Boulos L, 2009. Flora of Egypt checklist, rev annot ed. Al 
Hadara Publ, El Cairo, 401 pp.

Boulos L, El-Hadidi MN, 1994. The weed flora of Egypt. 
The American University in Cairo Press, Cairo, 361 pp.

Bushra S, Farroq A, Mahammad A, 2009. Effect of extraction 
solvent/technique on the antioxidant activity of selected 
medicinal plant extracts. Molecules 14: 2167–2180.

Cai H, Steward WP, Gescher AJ, 2005. Determination of the 
putative cancer chemopreventive flavone tricin in plasma 
and tissues of mice by HPLC with UV-visible detection. 
Biomed Chromatogr 19: 518–522.

Chander S, Daryael MG, Aggarwa PK, 2008. Assessment of 
crop losses due to insect pests and weeds in rice (Oryza 
sativa). Ind. J Agr Sci 78: 333–336.

Chauhan BS, Johnson DE, 2009. Seed germination ecology 
of Junglerice (Echinochloa colona): A major weed of rice. 
Weed Sci 57: 235–240. 

Copping LG, Duke SO, 2007. Natural products that have 
been used commercially as crop protection agents. Pest 
Manage Sci 63: 524-554.

Dayan FE, Hernández A, Allen SN, Moraes RM, Vroman 
JA, Avery MA, Duke SO, 1999. Comparative phytotoxic-
ity of artemisinin and several sequiterpene analogs. Phy-
tochemistry 50: 607–614.

Duke SO, Dayan FE, Romagni JG, Rimando AM, 2000. 
Natural products as sources of herbicides: current status 
and future trends. Weed Res 40: 99–111.

El-Khatib AA, 2000. The ecological significance of allel-
opathy in the community organization of Alhagi graeco-
rum. Biol Plantarum 43: 427–431.

Fischer NH, Mabry TJ, 1985. Pseudoguaianolides from Am-
brosia confertifora. Tetrahedron 23: 2529–2538.

Fujii Y, 2001. Screening and future exploitation of allelo-
pathic plants’alternative herbicides with special reference 
to hairy vetch. J Crop Prod 4: 257–275.

Ghareib HRA, Abdelhamed MS, Ibrahim OH, 2010. Anti-
oxidative effects of the acetone fraction and vanillic acid 
from Chenopodium murale on tomato plants. Weed Biol 
Manage 10: 64–72.

Grayer RJ, Harborne JB, Kimmins EM, Stevenson FC, Wi-
jayagunasekera HNP, 1994. Phenolics in rice phloem sap 
as sucking deterrents to the brown planthopper, Nilapar-
vata lugens. Acta Hort 381: 691–694.

Hegazy AK, Fahmy GM, Ali MI, Gomaa NH, 2004. Vegeta-
tion diversity in natural and agro-ecosystems of arid lands. 
Community Ecol 5: 163–176.

Hegazy AK, Fahmy GM, Ali MI, Gomaa NH, 2005. Growth 
and phenology of eight common weed species. J Arid 
Environ 61: 171–183.



501Phytotoxicity of Echinochloa colona extracts on weeds

Holm LG, Plucknett DL, Pancho JV, Herberger JP, 1991. The 
world’s worst weeds: distribution and biology. The Uni-
versity Press of Hawaii, Malabar, FL, USA, 609 pp.

Khanh TD, Hong NH, Nhan DQ, Kim SL, Chung IM, Xuan 
TD, 2006. Herbicidal activity of Stylosanthes guianensis 
and its phytotoxic components. J Agron Crop Sci 192: 
427–433.

Kleiner KW, Raffa KF, Dickson RE, 1999. Partitioning of 
14C-labeled photosynthate to allelochemicals and pri-
mary metabolites in source and sink leaves of aspen: 
evidence for secondary metabolite turnover. Oecologia 
119: 408–418.

Kong C, Xu X, Zhou B, Hu F, Zhang C, Zhang M, 2004. Two 
compounds from allelopathic rice accession and their 
inhibitory activity on weeds and fungal pathogens. Phy-
tochemistry 65: 1123–1128.

Kuwabara H, Mouri K, Otsuka H, Kasai R, Yamasaki K, 
2003. Tricin from a malagasy connaraceous plant with 
potent antihistaminic activity. J Nat Prod 66: 1273–
1275.

Ma L, Wu H, Bai R, Zhou L, Yuan X, Hou D, 2011. Phyto-
toxic effects of Stellera chamaejasme L. root extract. Afr 
J Agr Res 6: 1170–1176.

Macías FA, Galindo JCG, Molinillo JMG, Castellano D, 
2000. Dehydrozaluzanin C: a potent plant growth regula-
tor with potential use as a natural herbicide template. 
Phytochemistry 54: 165–171.

Meksawat S, Pornprom T, 2010. Allelopathic effect of itch-
grass (Rottboellia cochinchinensis) on seed germination 
and plant growth. Weed Biol Manag 10: 16–24.

Peschel W, Sanchez-Rabaneda F, Diekmann W, Plescher A, 
Gartzía I et al., 2006. An industrial approach in the search 
of natural antioxidants from vegetable and fruit wastes. 
Food Chem 97: 137-150.

Politycka B, Kozl-Owska M, Mielcarz B, 2004. Cell wall 
peroxidases in cucumber roots induced by phenolic al-
lelochemicals. Allelopathy J 13: 29–36.

Putnam AR, 1988. Allelochemicals from plants as herbicides. 
Weed Technol 2: 510–518.

Qasem JG, Foy CL, 2001. Weed allelopathy, its ecological 
impacts and future prospects: a review. Weed Biol Manage 
4: 43–199.

Reigosa MJ, Souto XC, González L, 1999. Effect of phe-
nolic compounds on the germination of six weed species. 
Plant Growth Regul 28: 83–88.

Rice EL, 1984. Allelopathy. Academic Press Inc, London, 
422 pp.

Shaltout KH, Sharaf El-Din A, El-Fahar RA, 1992. Weed 
communities of the common crops in Nile Delta region. 
Flora 187: 329–339.

Stevenson PC, Kimmins FM, Grayer RJ, Raveendranath S, 
1996. Schaftosides from rice phloem as feeding inhibitors 
and resistance factors to brown planthoppers, Nilapar-
vata lugens. Entomol Exp Appl 80: 246–249.

Stochmal A, Simonet AM, Macias FA, Oleszek W, 2001. 
Alfalfa (Medicago sativa L.) flavonoids. 2. tricin and 
chrysoeriol glycosides from aerial parts. J Agric Food 
Chem 49: 5310–5314.

Swain D, Singh M, Paroha S, Subudhi HN, 2008. Evaluation 
of allelopathic potential of Echinochloa colona (L) Link 
on germination and development of rice plant. ORYZA- 
An International Journal on Rice 45: 284–289.

Swanton CJ, Harker KN, Anderson RL, 1993. Crop losses 
due to weeds in Canada. Weed Technol 7: 537–542.

Watanabe M, 1999. Antioxidative phenolic compounds from 
Japanese barnyard millet (Echinochloa utilis) grains. J 
Agric Food Chem 47: 4500–4505.

Weston LA, 1996. Utilization of allelopathy for weed man-
agement in agroecosystems. Agron J 88: 860–866.


