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Abstract The percentage of germination of wild oat was significantly inhibited by increasing the
concentrations of phenolic compounds. Ferulic acid was the most effective compound which com-
pletely inhibited germination at a concentration of 3.0 mM. At the same time, wheat and barley
were slightly affected with different concentrations of the four phenolic compounds. The percentage
of germination of wheat significantly decreased with increasing of ferulic acid reaching a maximum
inhibition at 3.0 mM concentration. On the other hand, the germination of wheat was not affected
with the other three phenolic compounds. The percentage of germination of barley was not affected
with all phenolic compounds except for hydroxy phenolic acetic acid which has significant effect at
a concentration of 3.0 mM. Salicylic acid significantly inhibited the growth parameters gradually in
wild oat, wheat and barley. The shoot/root ratio was decreased in wild oat and barley, while the
ratio increased in wheat. The growth parameters were completely inhibited at 3.0 mM of ferulic acid
for both wild oat and wheat but slightly inhibited for barley. The shoot/root ratio was increased in
all concentrations of ferulic acid except at 3.0 mM which was completely inhibited for both wild oat
and wheat, while the ratio was increased in all treatments of ferulic acid in the case of barley. The
growth parameters were highly significant and decreased in wild oat, wheat and barley with
increasing the concentrations of hydroxybenzoic acid and hydroxyphenyl acetic acid. The
shoot/root ratio was not changed in all concentrations except at 3.0 mM in the case of wild oat,
the ratio was decreased at 2.0 and 3.0 mM in the case of wheat, while the ratio increased in most
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of hydroxybenzoic acid concentrations in the case of barley. The shoot/root ratio was increased
with increasing of the hydroxyphenyl acetic acid concentrations.
© 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

Weeds are one of the major problems in crop production. They
compete with crop plants for light, moisture, nutrients and
space. Avena fatua L. (wild oat) is considered the 13th most
important weed worldwide (Holm et al., 1977). 4. fatua has in-
creased tremendously in the rain fields and irrigated areas of the
country as well as elsewhere in the world. It is an annual grass
and is difficult to eradicate because the seeds shatter before crop
maturation and many of the seeds are plowed into the soil, when
they are turned up near the surface. Walia et al. (1998) con-
cluded that wheat yield decreased exponentially when wild oat
populations varied from 0 to 100 plants m~> and the loss ap-
proached 50-60% at 100 plants of wild oats m~2. High seeding
rates of wheat also reduced the impacts of weed on crops in a
number of previous studies (Lajos et al., 2000; Hassan, 2006;
Khan et al., 2007).

The time of weed germination and emergence in the field is
influenced by environmental factors, such as light, soil temper-
ature, soil moisture and soil atmosphere (Forcella et al., 2000).
A. fatua seedlings can exceed the crop wheat, barley, and rye
in its ability to emerge at greater depths in the soil. It has allelo-
pathic phenolic compounds, which impact other plants, inhibit-
ing germination and seedling growth (Sharma and Van den
Born, 1978). Yield loss due to weed competition in the wheat
fields has been reported to be about 21%. Approximately
79% of wheat (Triticum aestivum L.) and 72% of barley (Hordi-
um vulgare L.) hectares seeded in northwestern Minnesota are
infected with wild oat (Dexter et al., 1981).

The ability to predict the time of seedling emergence is an
important step toward increasing the timeliness and efficiency
of chemical and cultural weed control measures (Forcella
et al., 1993). Because the intensity of crop—weed competition is
affected by the timing of weed emergence relative to the crop
phonological development (Conley et al., 2003), timely weed
control is used as a key component to maximizing crop yield po-
tential. Controlling weed seedlings that emerge early may help to
reduce the competition during the critical phases of crop seed-
ling establishment (Black and Dyson, 1997).

It was found that weed seedlings effectively competes for
light by growing to greater heights than the wheat crop (Cudney
et al., 1991). Over the last three decades wheat production in
many parts of the world has relied heavily on herbicides as the
primary method of weed management (Montazeri et al., 2005).

A major consideration when using herbicides is the sensitiv-
ity and hazard to other non-target species and organisms in the
area (Callihan et al., 1995). Improper application and/or appli-
cation rates can harm many other species, along with affecting
water quality, the eventual accumulation of these compounds
in underground and aboveground water bodies (Callihan
et al., 1995). But environmental safety concerns, increasing
occurrence of herbicide resistance in weed species and the need
to reduce input costs have caused a growing awareness that
intensive use of chemical weed control does not fit well in sus-
tainable agriculture systems (Gealy et al., 2003). Another
method for entirely eliminating weeds from the crop

environment is the use of phenolic compounds which will be
an acceptable method of weed control. The objectives of this
study were: (1) to determine the influence of the using phenolic
compounds on A. fatua weed control in germination and early
growth stage, (2) to determine the effect of using phenolic com-
pounds in germination and early growth stage of wheat (7.
aestivum) and barley (H. vulgare).

In this study, control of wild oat was achieved by the appli-
cation of some phenolic compounds including salicylic acid,
ferulic acid, hydroxybenzoic acid and hydroxyphenyl acetic
acid. The effect of these compounds on the germination and
growth parameters of wheat and barley was also studied.

2. Material and methods
2.1. Plant materials

A. fatua: (wild oat), T. aestivum (wheat) cv. Sakha6l, and H.
vulgare (barely) cv. Gizal29 grains were obtained from Agri-
cultural Research Center, Giza, Egypt.

2.2. Chemicals

Salicylic acid, ferulic acid, hydroxybenzoic acid and hydroxy-
phenyl acetic acid were obtained from Aldrich Co.

2.3. Germination experiment

Different concentrations were used (0.0, 0.05, 0.2, 0.7, 1.0, 2.0
and 3.0 mM) for all germination test experiments. Sterilized Pet-
ridishes (9.0 cm) lined with double layers of Whattman No. 1 fil-
ter papers were used for every treatment, three replicates were
taken, each consisting of 20 grains. The filter papers were wa-
tered as needed by adding 5 ml of distilled water (for control)
or solutions to be tested. Petri dishes were incubated at temper-
atures of 17 £+ 2 °C.

2.4. Growth parameters

As a germination experiment, different concentrations of phe-
nolic compounds were used. Root length, shoot length, plant
length, and number of roots were measured in germinating
seedlings for the four phenolic compounds in all treatments.
Three replicates were taken and the mean was calculated.

2.5. Statistical analysis
All the results are an average of at least three replicates. The data

were analyzed by the one-way ANOVA followed by Tukey—
Kramer’s multiple comparison tests (p > 0.05) (SPSS, 1999).

3. Results and discussion

The results in Table 1 showed that wild oat was highly affected
with the different treatments of the four phenolic compounds
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(salicylic acid, ferulic acid, hydroxyl benzoic acid and hydroxy
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wild oat and no detected decrease in barley was seen while the



Table 2  Effect of different concentrations of salicylic acid (mM) on the growth parameters of 4. fatua, T. aestivum and H. vulgare.

Treatment (mM) Avena fatua

Triticum aestivum

Hordium vulgare

Shoot length Root length Plant length S/R No.

Shoot length Root length Plant length S/R No.

Shoot length (mm) Root length Plant length S/R No.

(mm) (mm) (mm) roots (mm) (mm) (mm) roots (mm) (mm) roots

0.0 108 £ 04 10.5+07 213 + 1.1 45407 145+0.7 155+0.7 30.0 + 0.0 45+ 07 13.0 0.0 14.0 £ 0.0 27.0 £ 0.0 5.0 + 0.0
1.02 0.94 0.93

0.05 7.5+ 07" 115+0.7 190+ 1.4 3.0+ 0.0 123 + 04" 11.5+ 07" 238 + 04" 3.0 £ 0.0 12.3 + 04" 16.5+ 0.7 288 + 1.1 4.0 + 0.0
0.64 1.07 0.74

0.2 6.0+ 00" 85+07" 145+ 0.7" 3.0 £ 0.0" 113 = 04" 10.5 + 0.7 21.8 + 1.1™" 3.0 £ 0.0 11.5 = 0.7 16.5 + 0.7 28.0 + 0.0 40 + 0.0
0.71 1.1 0.69

0.7 6.0+ 14" 75+07" 135+21" 3.0 £ 007 88 £04" 95+0.7" 183+ 1.1 254077105 + 0.7 55+ 07" 160 + 1.4 3.0 £ 0.0
0.8 0.93 1.9

1.0 53+ 04" 65407 11.8+0.7" 3.0+ 00778 +04" 85+07" 163+ 1.17 25407798 + 035" 75+07" 173 £ 117 3.0 £ 0.0
0.81 0.92 1.3

2.0 38 +£04" 554077 93+ 14" 254077704007 58+ 1.1 128 £ 1.1" 20+ 00795+07" 9.0 + 1.4™ 185+ 2.1 3.5+ 0.7
0.68 1.2 1.1

3.0 234+ 04" 35+07" 58 +04" 254+07"65+07" 45+07" 11.0 £ 0.0 254+ 07" 88 + 04" 9.0 + 28" 178 +3.2" 3.0 £ 0.0
0.64 1.4 0.97

LSD

1% 2.13 2.19 42 0.57 2.32 2.85 5.1 0.69 1.23 3.5 4.5 0.59

5% 1.53 1.58 3.04 0.41 1.66 2.05 3.7 4.09 0.88 25 3.2 0.43

* Significant at 5%.
** Highly significant at 1%.
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Table 3  Effect of different concentrations of ferulic acid (mM) on the growth parameters A. fatua, T. aestivum and H. vulgare.

Treatment (mM) Avena fatua

Triticum aestivum

Hordium vulgare

Shoot length Root length

Plant length S/R No. roots

Shoot length Root length Plant length S/R No.

Shoot length Root length Plant length

S/R No.

(mm) (mm) (mm) (mm) (mm) (mm) roots (mm) (mm) (mm) roots

0.0 4.5 + 0.7 107 £ 09 152 + 1.4 105+ 07 50400 165+07 21.5+0.7 150 £ 0.0 45+0.7 135407 18.0 £ 0.0 13.0 = 0.0
0.4 0.3 0.3

0.05 88 +04™ 105+07 193+ 1.1 3.0 £ 0.0 10.5+ 077" 135+ 0.7 240+ 1.4 50+ 0.0 93+ 04" 105+ 0.7 198 + 04" 45+ 07"
0.8 0.8 0.9

0.2 1.5+07" 15+07" 3.0=+00 1.0 £ 0.0 75+07" 11.5+ 0.7 19.0 + 0.0 45+ 07" 85+ 077 95+0.7" 18.0 £ 0.0 3.5+ 0.7
1.0 0.7 0.9

0.7 13+ 047 20+00" 33+04" 204007 75+07" 11.0 +04™ 185 + 0.7 50+ 0.0 85+07" 65407 150+ 147 45+ 07"
0.7 0.7 1.3

1.0 0.8 £ 0.1 05+0.07" 1.3+02" 1.0 +£017 65+07 95+07" 160 + 1.4" 50+ 0.0 6.0 +00" 73+ 04" 133+ 04" 40 + 0.0
1.6 0.7 0.8

2.0 1.0 £ 017 0.5+ 007" 1.5+ 02" 0.5+ 007" 33+ 04" 274047 60+07" 6.0+ 00" 5.8 +04" 68+04" 126 +0.7" 3.5+ 0.7
2.0 1.2 0.9

3.0 0.0 £ 0.0 00=+00" 00=00" 0.0 £ 0.0™ 0.0 +0.0" 0.0 +00" 0.0=+0.0" 00+ 00" 48 +04 63«04 11.1+07" 40 + 0.0
0.0 0.0 0.8

LSD

1% 2.4 3.6 5.7 2.7 2.4 45 6.6 3.3 1.5 2.1 25 26

5% 1.7 2.6 4.1 1.9 1.7 3.2 4.8 2.4 1.1 1.5 1.8 1.9

* Significant at 5%.
** Highly significant at 1%.
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Table 4 Effect of different concentrations of hydroxy benzoic acid (mM) on the growth parameters of 4. fatua, T. aestivum and H. vulgare.

Treatment (mM) Avena fatua Triticum aestivum Hordium vulgare
Shoot length Root length Plant length S/R No. Shoot length Root length Plant length S/R No. Shoot length Root length Plant length S/R No.
(mm) (mm) (mm) roots (mm) (mm) (mm) roots (mm) (mm) (mm) roots

0.0 103 £ 0.4 123 +£04 22.6 + 0.0 45+ 07 143 +04 165+07 308 + 04 45407 135+07 135+07 270+ 14 5.0 + 0.0
0.8 0.9 1.0

0.05 100 £ 0.0 14.0 £ 0.7 24.0 + 04 35+0.7" 133 +04 145 +0.7 278 + 1.1 50+ 00" 115+ 0.7 11.5+ 0.7 23.0+ 0.0 5.0 £ 0.0
0.7 0.9 1.0

0.2 93+ 04 13.0+00 223+04 35+077 85077 85+07" 17.0 £ 1.4™ 35+ 0.7 85+07" 105+ 0.7 190+ 0.0 3.5+ 0.7
0.7 1.0 0.8

0.7 8.5+ 0.7 10.5 £ 0.7 19.0 + 0.0 40 + 007 75+ 07" 7.0+ 00" 145+ 07" 354077 103 +04™ 95+07" 198+ 1.1 45+ 0.7"
0.8 1.1 1.1

1.0 45+ 07" 67+097 112+ 16" 3.0 £ 0.0 65+07" 55+07" 12.0+ 00" 40 + 007 83 £ 04" 95407 178 £ 1.1 40 + 0.0
0.7 1.2 0.9

2.0 234047 354007 58+ 04" 3.0 £ 0.0 2.8 047 40+00" 68 +04" 3.0 £ 0.0 63 +04" 38+04" 100+ 0.0 3.5+ 0.7
0.7 0.7 1.7

3.0 13+ 04" 33+04" 46+07" 3.0+ 007 1.8 +04” 35+07" 53+1.1" 3.0+ 0.0 33 +04" 28+04" 6.0+0.0" 3.0 £ 0.0
0.4 0.5 1.2

LSD

1% 29 3.5 6.4 0.5 3.7 3.9 7.5 0.6 2.6 3.1 5.6 0.7

5% 2.1 2.5 4.6 0.4 2.6 2.8 5.4 0.4 1.9 22 4.0 0.5

" Significant at 5%.
" Highly significant at 1%.
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Table 5 Effect of different concentrations of hydroxy phenyl acetic acid (mM) on the growth parameters of 4. fatua, T. aestivum and H. vulgare.

Hordium vulgare

Shoot

Triticum aestivum

Shoot

Treatment Avena fatua

(mM)

Plant S/R  No.

Root

Plant S/R No.

Root

Plant S/R  No.

Root

Shoot

roots

length

(mm)

length

length
(mm)

(mm)

roots

length

length length
(mm) (mm)

(mm)

roots

length

length
(mm)

(mm)

length

(mm)

5.0 £ 0.0
5.0 £ 0.0
5.0 £ 0.0

1.1

27.0 £ 0.0
29.3 £ 1.1

13.0 + 0.0
14.5 £ 0.7
12.5 + 0.7

14.0 £+ 0.0
14.8 +£ 0.4

4.0 £ 0.0

310 £ 14 1.1

27.0 + 1.4

14.5 £ 0.7
13.5 £ 0.7

16.5 + 0.7
13.5 + 0.7"

11.5+ 0.7 105+0.7 220+14 1.1 45=+0.7
12.8 £ 04

10.5 + 0.7
9.0 £ 0.0°

0.0

1.0
1.0

1.1

1.0 4.0 £ 0.0

1.1

0.8 4.0+ 0.0

155 £ 0.7 283 + 1.1"

12.0 + 0.0
93 +04

0.05
0.2

253 + 1.4

10.5 £ 0.7 21.8 £ 0.4™

12.8 + 0.4™

4.0 £ 0.0

105 £ 0.7 223 £ 1.17

11.8 £ 0.4™
8.8 £ 0.4™

35+ 0.7
1.0 3.0+ 00"
1.6 35+07"

0.9

22.5 £ 0.7
18.3 £ 0.4

40 + 0.0
12 35+07"

11.3 £ 0.4™

35+0.7

1.2

1.1
23

193 + 1.17

105 £ 0.7
8.4 + 08"

0.7

10.5 £ 0.7 23.0 £ 14"

10.8 + 0.4~ 22.1 £ 0.0

12.5 + 0.7
75+ 0.7

3.0 + 0.0

159 + 1.6™
83+ 1.1

75+ 0.7

11.5 + 0.7
63+ 1.1

7.0 £ 0.0 4.5+07"

45+ 0.7

1.0
2.0

3.0 + 0.0™

1.1
1.1

11.3 £ 0.4™

25+ 07"
1.7 20+00" 85=+0.7"

58 £ 047 25+0.7

3.0 + 0.0™

2.5

1.8 + 04"

35+ 0.7

16.0 = 1.4

53 + 04"

15+£07" 33+£04" 2000

2.3

26+ 07"

1.8 +£04™ 08 +04™

3.0

LSD
1%
5%

s

0.7

33
2.4

1.6 1.8
1.3

1.2

0.7

7.3

3.8
2.7

3.5

0.8

7.3

4.2

3.1

0.5

0.5

5.2

2.5

0.6

3.0 5.2

2.2

Significant at 5%.

Highly significant at 1%.

*ok

ratio increased in wheat when salicylic acid concentrations
increased.

The results in Table 3 showed that the growth parameters
were completely inhibited at 3.0 mM of ferulic acid for both
wild oat and wheat but slightly inhibited for barley. The
shoot/root ratio was increased in all concentrations of ferulic
acid except at 3.0 mM which was completely inhibited for both
wild oat and wheat, while the ratio was increased in all treat-
ments of ferulic acid in the case of barley.

The results in Table 4 showed that the growth parameters
were highly significantly decreased in wild oat, wheat and bar-
ley with increasing concentrations of hydroxybenzoic acid. The
shoot/root ratio was not changed at all concentrations except
at 3.0 mM where the ratio dropped to 50% in the case of wild
oat, the ratio was increased till the concentration reached
1.0 mM and then decreased at 2.0 and 3.0 mM in the case of
wheat, while in general the ratio increased in most of the
hydroxybenzoic acid concentrations in the case of barley.

The results in Table 5 showed that the growth parameters
were significantly decreased in wild oat, wheat and barley with
increasing the concentrations of hydroxyphenyl acetic acid.
The shoot/root ratio was increased by increasing the hydroxy-
phenyl acetic acid concentrations.

Salicylic acid (SA) and related compounds have been re-
ported to induce significant effects in various biological aspects
in plants. These compounds influence in a variable manner;
inhibiting certain processes and enhancing the others (Raskin,
1992).

Phenolic compounds and flavonoids are among the most
influential and widely distributed secondary products in the
plant kingdom. Many of them play important physiological
and ecological roles, being involved in resistance to different
types of stress (Delalonde et al., 1996; Rice-Evans and Miller,
1998; Ayaz et al., 2000).

Allelopathy is a mechanism of plant interference in agro-
ecosystems that offers an opportunity to manage weeds in crop
sequence but could also adversely affect crop yields and influ-
ence the choice of rotation. The allelopathic potential of many
crop plants has been investigated and approved (Burgos et al.,
1999; Baghestani et al., 1999; Wu et al., 2001). Heavy use of
herbicides in most integrated weed management (IWM) sys-
tems is a major concern since it causes serious threats to the
environment, public health and increases the costs of crop pro-
duction. The degree of weed seed germination inhibition and
growth suppression which can be attributed to crop allelopa-
thy is highly important and worthwhile. This can be consid-
ered as a possible alternative to weed management strategy
(Macias, 1999).

References

Ayaz, F.A., Kadioglu, A., Turgut, R., 2000. Water stress effects on the
content of low molecular weight carbohydrates and phenolic acids
in Ctenanthe setosa (Rosc.) Eichler. Can. J. Plant Sci. 80, 373-378.

Baghestani, A., Lemieux, C., Leroux, G.D., Baziramakenga, R.,
Simard, R.R., 1999. Determination of allelochemicals in spring
cereal cultivars of different competitiveness. Weed Sci. 47, 498-504.

Barnes, J.P., Putnam, A.R., Burke, A., 1986. Allelopathic activity of
rye (Secale cereale L.). In: Putnam, A.R., Tang, G.S. (Eds.), The
Science of Allelopathy. John Wiley, New York, pp. 271-286.

Baskin, C.C., Baskin, J.M., 1998. Seeds. Academic Press, San Diego,
CA.



24

O.A. Almaghrabi

Bewley, J.D., Black, M., 1994. Seeds. Physiology of Development and
Germination. Plenum Press, New York.

Black, I.D., Dyson, C.B., 1997. A model of the cost of delay in
spraying weeds in cereals. Weed Res. 37, 139-146.

Blum, U., Gerig, T.M., Weed, S.B., 1989. Effects of mixtures of
phenolic acids on leaf area expansion of cucumber seedlings grown
in different pH Portsmouth A, soil materials. J. Chem. Ecol. 15,
2413-2423.

Blum, U., Wentworth, T.R., Klein, K., Worsham, A.D., King, L.D.,
Gerig, T.M., Lyu, S.W., 1991. Phenolic acid content of soil from
wheat no-till, wheat conventional till, and fallow-conventional till
soybean cropping systems. J. Chem. Ecol. 17, 1045-1068.

Blum, U., Gerig, T.M., Worsham, A.D., King, L.D., 1993. Modifi-
cations of allelopathic effects of p-coumaric acid on morning-glory
seedling biomass by glucose, methionine, and nitrate. J. Chem.
Ecol. 19, 2791-2811.

Bradow, J.M., 1991. Relationships between chemical structure and
inhibitory activity of Cg through Cgvolatiles emitted by plant
residues. J. Chem. Ecol. 17, 2193-2212.

Burgos, N.R., Talbert, R.E., Mattice, J.D., 1999. Cultivar and age,
differences in the production of allelochemicals by Secale cereal.
Weed Sci. 47, 481-485.

Buttery, R.G., Xu, CJ., Ling, L.C., 1985. Volatile components of
wheat leaves (stems): possible insects attractants. J. Agri. Food
Chem. 33, 115-117.

Callihan, B., Smith, L., McCalffrey, J., Michalson, E., 1995. Yellow
starthistle management for small acreages. University of Idaho,
Cooperative Extension System, Agricultural Experiment Station,
CIS 1025, p. 8.

Conley, S.P., Binning, L.K., Boerboom, C.M., Stoltenberg, D.E.,
2003. Parameters for predicting giant foxtail cohort effect on
soybean yield loss. Agron. J. 95, 1226-1232.

Cudney, D.W., Jordan, L.S., Hall, A.E., 1991. Effect of wild oat
(Avena fatua) infestations on light interception and growth rate of
wheat (Triticum aestivum). Weed Sci. 39, 175-179.

Delalonde, M., Barret, Y., Coumans, M.P., 1996. Development of
phenolic compounds in maize anthers (Zea mays) during cold
pretreatment prior to endrogenesis. J. Plant Physiol. 149, 612-616.

Dexter, A.G., Nalewaja, J.D., Rasmusson, D.D., Buchli, J., 1981.
Survey of wild oat and other weeds in North Dakota, 1978 and
1970. North Dakota Research Report No. 79. North Dakota State
University Agriculture Experiment Station.

Forcella, F.R., Benech-Arnold, L., Sanchez, R., Ghersa, C.M., 2000.
Modeling seedling emergence. Field Crops Res. 67, 123-139.

Forcella, F., Eradat-Oskoui, K., Wagner, S.W., 1993. Application of
weed seedbank ecology to low-input crop management. Ecol. Appl.
3, 74-83.

Gaglirdo, R.W., Chilton, W.S., 1992. Soil transformation of 2(3H)-
benzoxazolone of rye into phtotoxic 2-amino-3H-phenoxazine-3-
one. J. Chem. Ecol. 18, 1683-1691.

Gealy, D.R., Wailes, E.J., Estorninos, L.E., Chavez, R.S.C., 2003.
Rice cultivars differences in suppression of barynd grass and
economics of reduced propanil rates. Weed Sci. 51, 601-609.

Hassan, G., 2006. Final Technical Report of the HEC Project on Wild
oats competition in wheat.

Holm, L.G., Plunknett, D.L., Pancho, J.V., Herberger, J.P., 1977. The
World’s Worst Weeds: Distribution and Biology. Hawaii Univer-
sity Press, Honolulu, Hawaii, USA.

Khan, I., Hassan, G., Khan, M.I., Gul, M., 2007. Effect of wild oat
population and nitrogen level on some agronomic traits of spring
wheat. Turk. J. Weed Sci. 31, 91-101.

Lajos, M., Lajos, K., Reisinger, P., 2000. The effect of crop density on
weed flora in winter wheat. Novenyvedelem 36, 181-188.

Lyu, S.W., Blum, U., Grerig, T.M., Brien, T.E., 1990. Effects of
mixtures of phenolic acids on phosphorus uptake by cucumber
seedlings. J. Chem. Ecol. 16, 2559-2567.

Macias, F.A., 1995. Allelopathy in the search for natural herbicide
models. Allelopathy: organisms, processes, and applications. In:
Inderjit, K.M., Dakshini, M., Einhellig, F.A. (Eds.), ACS Sympo-
sium Series 582. American Chemical Society, Washington, DC, pp.
310-329.

Montazeri, A., Goshrasebi, A., Vahdanian, M., Gandek, B., 2005. The
short form health survey (SF-36): translation and validation study
of the Iranian version. Qual. Life Res. 14, 875-880.

Nair, G.N., Whitenack, G.J., Putnam, A.R., 1990. 2, 2-oxo-1,1-
azobenzene a microbial transformed allelochemical from 2,3-
benzoxazolinone. J. Chem. Ecol. 16, 353-364.

Niemeyer, H.M., Pesel, E., Copaja, S.V., Bravo, H.R., Franke, S.,
Franke, W., 1989. Changes of hydroxamic acid levels of wheat
plants induced by aphid feeding. Phytochemistry 28, 447-449.

Raskin, 1., 1992. Role of salicylic acid in plants. Annu. Rev. Plant
Physiol. Plant Mol. Biol. 43, 439-463.

Rice-Evans, C.A., Miller, N.J., 1998. Structure antioxidant activity
relationships of flavonoids and isoflavonoids. In: Rice-Evans, C.A.,
Packer, L. (Eds.), Flavonoids in Health and Disease. Marcel
Dekker Inc., New York, pp. 199-220.

Sharma, M.P., Van den Born, W.H., 1978. The biology of Canadian
weeds. 27. Avena fatua L. Can. J. Plant Sci. 58, 141-157.

Shilling, D.G., Liebl, R.A., Worsham, A.D., 1985. Rye (Secale cereal
L.) and wheat (Triticum aestivum L.) mulch: the suppression of
certain weeds and the isolation and identification of phytotoxins.
In: Thompson, C. (Ed.), The Chemistry of Allelopathy: Biochem-
ical Interactions among Plants, AACS Symposium Series 268.
American Chemical Society, Washington, DC, pp. 243-271.

Shilling, D.G., Jones, L.A., Worsham, A.D., Parker, C.E., Wilson,
R.F., 1986a. Isolation and identification of some phytotoxic
compounds from aqueous extracts of rye (Secale cereal L). J. Agri.
Food Chem. 34, 633-638.

Shilling, D.G., Worsham, A.D., Danehower, D.A., 1986b. Influence of
mulch, tillage, and diphenamid on weed control, yield, and quality
in no-till flue-cured tobacco (Nicotiana tabacum). Weed Sci. 34,
738-744.

SPSS, Inc., 1999. SPSS for windows release 10.0.1.

Tang, C.S., Waiss, A.C., 1978. Short-chain fatty acids as growth
inhibitors in decomposing wheat straw. J. Chem. Ecol. 4, 225-232.

Walia, U.S., Dhaliwal, K.B., Brar, L.S., 1998. Competitive interaction
between wheat and wild oat in relation to wild oat population
density. In: Conference towards Sustainable Development, Novem-
ber 15-17, Chandigarh, India, pp. 430-434.

Waller, G.R., Krenzer Jr., E.G., Mcpherson, J.K., McGown, S.R.,
1987. Allelopathic compound in soil from no tillage in wheat
production. Plant Soil. 98, 5-15.

Worsham, A.D., 1989. Current and potential technique using allelop-
athy as an aid in weed management. In: Chou, C.H., Waller, G.R.
(Eds.), Phytochemical Ecology: Allelochemicals, Mycotoxins, and
Insect Pheromones and Allomones. Academia Sinica Monograph
Series No. 9, Taipei, Taiwan, pp. 275-291.

Wu, H., Haig, T., Pratley, J., Lemerle, D., An, M., 2001. Allelochem-
icals in wheat (Triticum aestivum L): variation of phenolic acids in
shoot tissues. J. Chem. Ecol. 27, 125-135.



	Control of wild oat (Avena fatua) using some  phenolic compounds I – Germination and some  growth parameters
	1 Introduction
	2 Material and methods
	2.1 Plant materials
	2.2 Chemicals
	2.3 Germination experiment
	2.4 Growth parameters
	2.5 Statistical analysis

	3 Results and discussion
	References


