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Abstract: Allelochemical compounds are known as a phenomenon for ecological control of weeds. in order to
investigation of inhibitory potential of six allelochemicals on barnyardgrass (Echinochloa crus-galli L.)
germination and seedling parameters an experiment was conducted in factorial arrangement based on completely
randomized design. These allelochemicals consist of ferulic acid, m- coumaric acid, p-coumaric acid, vanillic
acid, p-hydroxybanzoic acid and cinnamic acid. The results of analysis of variance showed highly significant
differences among allelochemicals and concentrations (10 , 10  and 10 M). Allelochemicals showed high3 4 5

inhibitory activity compared to control. Results indicated that, cinnamic acid had the highest inhibitory activity
in terms of root and shoot length, total fresh weight and chlorophyll content (67.93, 25.41, 33.32 and 73.12%
respectively). In term of total dry weight, germination rate and germination percentage the highest inhibitory
activity was related to m-coumaric acid by 33.75, 55.68 and 41%, respectively. Root  elongation  was  sensitive
to  allelopathic  compounds  rather  than  shoot  elongation.  Generally, the inhibitory effects of mentioned
allelochemicals were increased with increasing of their concentrations from 10  to 10  M.5 3
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INTRODUCTION own weed control by releasing chemicals into the soil.

Rice (Oryza sativa L.) is one of the most important weeds, like wheat, maize, sorghum, barely, sunflower and
crops in the world and weeds are the most significant rice. Wu et al. [6] evaluated wheat seedling allelopathy
biological constraint to rice production [1]. Its production against annual ryegrass (Lolium rigidum) in a collection
is characterized by heavy use of herbicides and of 453 wheat accessions originating from 50 countries.
fungicides, which may cause environmental problems in The effectiveness of different accessions in their ability to
the paddy ecosystem [2, 3] and human health problems, inhibit root growth of ryegrass was ranged from 10% to
make it necessary to diversify weed management options. 91%. In an other research Wu et al. [7] have implicated

Barnyardgrass (Echinochloa crus-galli) is a widely 2,4-dihydroxy-7-methoxy-1,4-benzoxazin-3-one as an
distributed weed and the world's main weed of rice. important allelochemical in wheat. Kato-Noguchi [8] found
Several cases of resistance to herbicides with different six substances with inhibitory activity in the acetone
modes of action have been achieved  for  this  plant. extract of germinating maize seedlings. One of these
Thus, the best way to control barnyardgrass in an substances, identified as 2,4-dihydroxy- 1,4-benzoxazin-3-
environmentally acceptable and sustainable approach is one (DIBOA) was higher in light-grown maize than in dark
to develop natural compounds like allelochemicals [4]. grown. Minorsky [9] stated that barley (Hordeum
Allelopathy  in  definition  is  the   direct   influence   of  a vulgare) should be considered as  a  depressive  prior
chemical released from one plant on the development and crop for both durum wheat and bread wheat in a field
growth of other plants [5]. Weeds could be controlled by cropping sequence. Moreover, sunflower (Helianthus
using crops, which have been developed to exert their annuus)  showed effective weeds suppression and strong

Further, more crops have an allelopathic activity on
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inhibitory effects on physiological processes of test
plants  [10].  Secondary  plant  metabolites  such as
terpenoids, steroids, phenols, coumarins, flavonoids,
tannins,  alkaloids   and   cyanogenic  glycosides  and
their degradation products have been known to be
involved in  allelopathic  phenomena  and  are important
in all  agroecosystems  [11].  These naturally occurring
compounds  could  play  a valuable role in an integrated
weed management system, potentially reducing  the
amount  of  synthetic herbicides required for weed control
[12]. Chung et al. [13] identified some  allelopathic
compounds, such as ferulic acid, from straw extracts of
rice varieties, with the highest inhibitory effect on
barnyardgrass growth. The main objective of this study
was to assess the phytotoxicity  of  allelochemicals
(ferulic acid, m-coumaric acid, p-coumaric acid, vanillic
acid, p-hydroxybenzoic, cinnamic acid) on seed
germination and seedling growth of barnyardgrass.

MATERIALS AND METHODS

Chemical Preparations for Bioassays: To assess the
effects of allelochemicals on seed germination and
seedling parameters of barnyardgrass, 6 phenolic
compounds, including cinnamic acid, ferulic acid, vanilic
acid, p-coumaric acid, m-coumaric, p-hydroxibanzoic
(Merck, Germany) prepared in distilled water and tested at
concentrations of 10 , 10  and 10  M by the method of3 4 5

Chung et al. [2]. The solutions were stored at 5°C until
used.

Seed Preparations: Barnyardgrass (Echinochloa crus-
galli L.) seeds in our study were collected from paddy
field of Sari University of Agriculture Science and Natural
Resource. The pure seeds were collected after removing
the trash and defected seeds by floating them in distilled
water. The seeds were surface sterilized in a 1:10 (v/v)
dilution of commercial hypochlorite bleach for 10 min and
rinsed several times with distilled water. Then seeds were
allowed to imbibe on moistened paper towels for 2 h. Filter
paper (Whatman No. 42) containing 100 seeds were
placed in sterilized 9 cm Petri dishes. Ten millilitres of
solution was added to each Petri dish and distilled water
was used as control. All of the Petri dishes were placed in
a germinator (Iran Khodsaz, IKHRH, Iran) at 24°C.

Rate of germination was calculated by dividing the
number of germination seeds of each day by the number
of days and summing the values. After the germination
percentage was determined (by counting of germinated
seeds at the end of seventh day and subtract of whole
seeds), the inhibition percentage determined as follow:

Inhibition percentage (%) = [Sample extracts –Control)/Control] ×100

Seedling Preparations: The seeds were pre-germinated in
germinator and 10 uniformly germinated seeds were
placed on each filter paper separately (Whatman No. 42)
laid in a sterilized 9-cm Petri dish. Three concentrations of
each phenolics were prepared at 10 , 10  and 10  M.3 4 5

Each Petri dish was treated with ten ml of solutions then
placed in a lighted room with a natural condition (with
25/20°C day/night temperature and 10 hours daily light).
The experiments replicated four times. Seven days after
incubation, the seedlings root and shoot lengths and
fresh weights were measured. The dissected roots and
shoots were oven dried at 70°C for 4 h (Fan Azma Gostar,
24060, Iran), then weighted.

Total Nitrogen Content Determination: Nitrogen content
was measured by Total Kjeldahl Nitrogen (TKN) method
[14], (Kjeltec Auto1030 Analyzer, Foss Tecator AB,
Hoganas, Sweden).

For nitrogen determination the barnyardgrass seeds
were pre-germinated in germinator and 10 uniformly
germinated seeds were placed on a sterilized 9-cm Petri
dish, then three concentrations (10 , 10  and 10 ) of5 4 3

each allelochemical was added to each Petri dish. After
ten days of transferring time the seedlings  were
harvested and dried (Fan Azma Gostar, 24060, Iran) for 72
h. Total reduced nitrogen was determined by using a
micro Kjeldahl procedure with sulfuric acid, digestion
catalyst and conversion of organic  nitrogen to
ammonium form according to the Total Kjeldahl Nitrogen
(TKN) method.

Chlorophyll Content Determination: For chlorophyll
content, six circular disks (6.25 mm in diameter) were
punched  from   the  same  area  of  each  leaf  samples.
The disks placed immediately into 8 ml  of  100%
methanol-1% HCl and pigments were allowed to extract in
dark at 25°C for 24 hours. The absorbance of the clear
samples at 652.0 and 665.2 nm were recorded by using
Spectro UV/ Vis (JENWAY- England) spectrophotometer
and chlorophyll content (a+b) were computed (µg/ml) by
Porra et al [15] chlorophyll extraction method.

Statistical Analysis: Experiment based on a factorial
arrangement in completely randomized design with four
replications and two factors. Analysis of variance was
performed by using the general linear model procedure of
the Statistical Analysis System [16] program. Mean values
were separated based on Least Significant difference
(LSD) at 0.05 Probability levels.
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Table 1: The inhibitory percentage of 6 phenolic compounds on seed and seedling parameters of Barnyardgrass
Traits
------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatments Germination Rate Germination Percentage Root Length Shoot Length Fresh Weight Nitrogen Content Chlorophyll Content
Ferulic acid 53.03c 37.34b 45.88c 18.60c 17.30de 27.70d 34.73f
m-Coumaric acid 55.68a 41.00a 50.40b 19.47c 18.22d 28.76cd 51.25e
p-Coumaric acid 53.30c 38.67b 45.28c 22.36b 26.82b 29.25c 53.18d
Vanillic acid 54.26b 38.76b 47.27c 15.38d 18.81d 30.92b 57.86c
p-Hydroxy benzoic 35.71d 10.67c 39.04d 15.84d 24.68c 33.37a 62.55b
Cinamic acid 34.64e 9.34c 67.93a 25.41a 33.32a 33.20a 73.12a
S.O.V
Allelochemicals (A) ** ** ** ** ** ** **
Concentrations (B) ** ** ** ** ** ** **
A×B ** ** ** ** ** ** **
CV (%) 3.00 3.16 9.64 3.49 4.46 3.68 4.09
**, significant at the 0.01 probability level

RESULTS AND DISCUSSIONS of  allelochemicals   at  10    M   such   as,   ferulic   acid,

The means of root and shoot length, total fresh and significant difference at 0.05% probability level compared
total dry weights, nitrogen and chlorophyll content of to control. Results of this part of study (in term of ferulic
seedlings, seed germination percentage and rate of acid and m-coumaric acid) are in agreement with those of
barnyardgrass with six phenolic compounds and their Chung et al [13]. Secondary plant metabolites such as
concentrations at 10 , 10  and 10 M are presented in terpenoids, steroids, phenols, coumarins, flavonoids,3 4 5

Table 1. The results showed highly significant difference tannins, alkaloids and cyanogenic glycosides and their
among allelochemical compounds and three degradation products have been known to be involved in
concentrations (10 , 10  and 10 M). All allelochemicals allelopathic phenomena and are important in all3 4 5

showed high inhibitory activity compared to control agroecosystems [11].
(Table 1).

Seed Parameters: Based on results in Table 1, inhibitory inhibitory effect on root lengths was 67.93% for cinnamic
activity of allelochemicals on barnyardgrass seed acid, whereas p-hydroxybanzoic had the lowest activity
germination rate was arranged between 34.64% for (39.04%). Among of allelochemicals and their
cinnamic acid and 55.68% for m-cumaric acid. According concentrations, cinnamic acid, had the highest effect on
to inhibitory activity the allelochamicals were grouped in root lengths in 10  to 10 M and minimum reduction of
two categories. The first group (inhibition> 50%) root lengths was related to p-hydroxybanzoic in 10  and
consisted of ferulic acid, vanilic acid, p-coumaric acid and 10 M (Figure 2). In terms of shoot lengths, the highest
m-coumaric acid. The second group (34-36% inhibition) inhibitory activity was occurred by cinnamic acid with
consisted of   p-hydroxybanFzoic  and  cinnamic  acid. 25.41 percentage and the lowest amounts with  15.38%
The results (Figure 1) indicated that cinnamic acid had the and   15.84%    were    recorded    for    vanillic   acid  and
lowest inhibitory activity on germination rate (10  and p-hydroxybanzoic, respectively (Table 1). Furthermore,3

10  M). The results of p-coumaric, ferulic acid and cinnamic acid and p-coumaric acid at 10  M induced the4

cinnamic acid are similar to  that  of  Chung  et  al. [13] highest reduction on shoots elongation (Figure 2).
who screened allelochemicals on barnyardgrass Generally, root elongation was more sensitive to

According to Table 1, two categories were observed allelopathic compounds rather than shoot elongation
for germination percentage. First group include of ferulic (Table 1). This maybe occurred by many causes such as
acid, vanilic acid, p-coumaric acid and m-coumaric acid preventing the cell division and increasing of thickness of
with strong inhibitory percentage (more than 37%). seminal roots by direct contact of roots with
Second group include of p-hydroxybanzoic and cinnamic allelochemicals. This was confirmed with Chon et al. [17],
acid with slightly activations (less than 11%). According Chung and Miller [18], Hedge and Miller [19]. In terms of
to Figure 1, cinnamic acid at 10  and 10  M had the total fresh weight of seedlings, the greatest inhibition was3 4

lowest inhibitory effects on germination percentage. Some related to cinnamic acid (33.32%) and the lowest inhibition

5

p-coumaric acid, p-hydroxybanzoic and cinnamic acid not

Seedlings Parameters: Based on Table 1, the greatest

4 3

3

5
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Fig. 1: Interaction effects of allelochemicals and their concentrations on seed parameters in compared to distilled water
(b 10 M. b , 10 M. b 10 M.  control,  distilled  water.  F.A,  Ferulic  acid.  M-C.A,  m-Comaric  acid.  P-C.A,1, 2 3,

3 4 5

p- Comaric acid. V.A, Vanillic acid. P-H.A, p-hydroxybenzoic acid. C.A, Cinnamic acid).

Fig. 2: Interaction effects of allelochemicals and their concentrations on seedling parameters in compared to distilled
water (b 10 M. b , 10 M. b 10 M. control, distilled water. F.A, Ferulic acid. M-C.A, m-Comaric acid. P-C.A,1, 2 3,

3 4 5

p- Comaric acid. V.A, Vanillic acid. P-H.A, p-hydroxybenzoic acid. C.A, Cinnamic acid).
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was observed in ferulic acid with 17.30% (Table 1). parameters (irrespective of germination parameters).
Accordingly, the greatest reduction of total fresh weight
in 10 M as observed by p- cumaric acid,  while  in  103 4

and 10 M, highest activity was belongs to cinnamic acid5

(Figure 2). The highest inhibitory activity for total dry
weight was belong to p-hydroxybanzoic at 10 M and the3

lowest amount was belong to vanillic acid.
Based on results of analysis of variance (Table  1),

the highest inhibitory percentage in terms of nitrogen
content were related to both p-hydroxybanzoic and
cinnamic acid (33.37 and 33.2%, respectively) according to
the interaction effects (Figure 2), there is no significantly
difference between allelochemicals in 10 M5

concentration. According to the allelopathy definition, it
is so evident that allelochemicals could affect all phases
of nitrogen cycle that involve plant or microorganisms.
When plants take up nitrate, they must use energy to
convert it to ammonium form before it can be used [20].
Thus, growth reduction due to missing of energy could be
an argument for nitrogen reduction in seedlings which
treated by allelochemicals, also loosing of nitrogen
content in some seedling, could be occurred by limiting or
reducing some key factors in nitrogen metabolism such as
nitrate reductase and glutamine synthetase [21].

In term of chlorophyll content the highest inhibitory
percentage was related to cinnamic acid and the lowest
was belonged to ferulic acid (73.12% and 34.73%,
respectively). Based on Figure 2, the greatest reduction
for mentioned trait was obtained when the seedlings were
treated by cinnamic acid (at 10  and 10 M). Among of3 5

studied concentrations the lowest amount of inhibition
was belonged to vanillic acid. Chlorophylls are the core
component of pigment protein complexes embedded in the
photosynthetic membranes and play a major role in the
photosynthesis. Any changes in chlorophyll content are
expected to bring about change in photosynthesis [20].
Allelochemicals  may  reduce  chlorophyll  accumulation
in  tree  ways:  the  inhibitory  of chlorophyll synthesis,
the stimulation of chlorophyll degradation and both.
These results are in agreement with results of Yang et al.
[22] who investigated the effects of three phenolic acids
on the concentration of chlorophyll.

All test chemicals used in this study inhibited
barnyardgrass seed germination and seedling parameters.
Phenolic compounds a very important class of
allelochemicals and most of them had inhibitory effects on
seed germination and seedling growth parameters of
barnyardgrass. If a blend of compounds is responsible for
the observed growth inhibition of weeds, phenolic acids
such as cinnamic acid could play the key role in such a
mixture, because of high inhibitory potential in all  studied

Furthermore, root length and chlorophyll content in
seedling parameters and germination rate for seed
parameters used as the key parameters in our study
because these traits responds more selectivity to studied
allelopathic compounds.
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