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ABSTRACT 
 

This study was conducted in order to evaluate the allelopathic effects of the aqueous extract (A.E.) of 
Hordeum vulgare L. on the seed germination, seedling growth, cell membrance permeability and 
malondialdehyde content in corn (Zea mays L.) weeds. This experiment was as factorial in performed in 
complete randomized design (CRD) with 4 replications. Treatments included concentrations of 0, 25, 50, 75 
and100% (W/V) shoot A.E. of Hordeum vulgare L., with distilled water considered as control. Results showed 
that Hordeum vulgare L. shoot A.E. had significant effect on the germination percentage, radicle length, 
plumule and radicle dry weight, cell membrance permeability and total malondialdehyde content. However, 
treatments with higher concentrations had negative effects on mean rate of germination, plumule length and 
seedling dry weight and increased malondialdeyde. The maximum allelopathic effect was for 100% extract of 
barley shoot. From practical point of view the identification of weeds with potential pool of allelochemicals and 
characterization of their adverse effects on germination of crops during early growth stages and finally on the 
commercial yield is highly recommended. 
 
Key words: Allelopathy, barley, Malondialdehyde, weed, Cell Membrance Permeability 
 
Introduction 
 

Some plants may inhibit germination, emergence 
and subsequent growth of other plants by exuding 
toxic substances. These substances are called 
allelopathic chemicals or allelochemicals and the 
process is called allelopathy [16]. Allelopathy can 
simply be understood as the ability of plants (from 
different plant parts [22]) to inhibit or stimulate 
growth of other plants in the environment by exuding 
chemicals. Allelopathy is a mechanism by which 
weeds affect seed germination dynamics, and growth 
of field crops. 

Allelopathy plays an important role in 
agricultural ecosystems and in a large scale, in the 
plant covers among the crop-crop, crop-weed and 
tree-crop covers [13]. For this, identification of 
weeds with potential pool of allelochemicals and 
characterization of their adverse effects on 
germination and early growth of crops is advised. 
Shajie and Saffari [19] reported that leaves and stems 
extracts of Hordeum vulgare L. significantly reduced 

germination and seedling growth in corn (Zea mays 
L.), canola (Brassica napus L.), sesame (Sesamum 
indicum L.), corn (Zea mays L.) weeds Lentil (Lens 
culinaris Medic) and chickpea (Cicer arietinum L.). 
These allelochemicals also affected corn seedlings 
either by decaying of hypocotyls or by producing of 
dwarf plants. Saffari and  Torabi-Sirchi [17] reported 
that wheat straw extract (variety of Falat) had a 
significant effect on reducing radicle length growth  
on corn  647 variety at concentration of 20, 40, 60, 
80 and 100% According to Tanveer et al [21] mean 
germination time in maize (Zea mays L.), barley (H. 
vulgare L.), rice (Oryza sativa L.), wheat (T. vulgare 
L.) and sunflower was reduced by leaf leaches of 
Hordeum vulgare L. The increase in 
malondialdehyde synthesis is a common response of 
plants to allelochemicals, and this might be a 
subsequent response of plant to these chemicals 
beside cellular damage. Allelochemicals adversely 
affect malondialdehyde biosynthesis and 
accumulation by interfering in malondialdehyde 
biosynthesis and/or destruction. The upcoming 
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negative effects of these processes would be 
retarding of photosynthesis and poor plant growth 
[21].To the best of our knowledge there is scarce 
information about the effects of allelochemicals on 
the seed germination dynamics and subsequent 
seedling growth in corn weeds. 

The aim of this study was to evaluate for the first 
time the possible effects of the widespread weed 
Hordeum vulgare L. shoot A.E on the seed 
germination characteristics, seedling growth and 
malondialdehyde content of corn weeds. 

 
Materials and Methods 

 
This study was conducted at the Agronomy and 

Plant Breeding Department of Islamic Azad 
University Shahr-e-Rey, Iran. Treatments included 
different concentrations (0, 25, 50, 75 and 100% 
W/V) of shoot A.E. of Hordeum vulgare L. plant 
materials were gathered in the flowering stage from 
research fields of Agriculture Faculty of Islamic 
Azad University Shahr-e-Rey. Barley shoots were 
separated washed with tap water, dried in shade and 
grinded. For aqueous extraction, 50 grams of grinded 
material were soaked with 500 ml (1:10) of distilled 
water and continuously shacked for 24 hrs at 75 
RPM. 

Aliquots were separated from plant residues by 4 
layers of cotton textile and diluted to obtain different 
concentrations. This experiment was done as 
factorial in conducted as CRD with 4 replications. 
Germination test was carried out in 12 cm Petri-
dishes with 25 seeds laid on a double layer Whatman 
No.2 paper, before adding of 9 ml of A.E. Seeds 
were maintained at constant 20ºC and light intensity 
of 350 μ mol m-2s-1 in an incubator. Seven days old 
plantlets were used for measurement of seed 
germination percentage and rate, as well as of length 
and dry weight of plumule and radicle. Mean rate of 
seed germination ( R ) was calculated according to 
Ellis and Roberts [5], Also measurement cell 
membrane permeability and malondialdehyde 
content was calculated according to Valentoric [23],  
For determination of plumule and radicle dry weight 
these organs were dried in an air forced oven at 70ºC 
for 24 hrs. Allelopathic effects of Hordeum vulgare 
L. shoot aqueous extract on germination, seedling 
growth, cell membrane permeability and 
malondialdehyde content of corn (Zea mays L.) 
weeds .Variance analysis of data was performed by 
SAS ver.9. Mean comparisons were carried out by 
Duncan's multiple range test at 0.01 probability 
levels.  

 
Results: 
 
Germination percentage, germination rate and seed 
vigor: 

 

The results presented in Table 1 indicated that 
germination percentage of weeds was not significant. 
But the effect of barley residue water extract 
concentration on the germination percentage was 
significant so that upon increasing the concentration 
of water extract, germination percentage has been 
reduced. The most amounts of germination 
percentage were related to the control treatment 
(distilled water) and the least amounts of percentages 
were related to the treatment of 100% barley water 
extract concentration (Table 2). Upon comparing the 
mean values cleared that each one of the 
concentrations was positioned in a distinct group and 
from among the studied weeds, pigweed has the best 
rate of germination in proportion to the others. 
According to reports of Asghari and Tewari [2], the 
percentage germination of target plant seeds 
decreased as concentrations of barley cultivars 
extracts increased.  

According to the results of variance analysis 
(Table 1), the effect of different concentrations of 
barley residue water extract on the germination rate 
was significant (p<0.01), so that upon increasing the 
concentration of extract from 0 to 100%, the rate of 
germination in all tested seeds were reduced. 
According to results of Moosavi et al [11] the effect 
of sorghum leaf water extract on the vetch 
germination rate was reduced considerably upon 
increasing the concentration of extract which are 
completely in compliance with the results gained 
from this research. 

It can be seen from Table 1 that weeds as respect 
to the seed vigor have indicated significant 
difference. Also, the effect of different 
concentrations of barley residue water extract on the 
seed vigor of studied weeds was significant so that 
upon increasing the concentration of extract from 0 
to 100%, the seed vigors of all weeds were reduced 
(table 2). The most effect was applied on the 
Sorghum halapense (Jounson grass) so that the seed 
vigor of Sorghum halapense (Jounson grass)  has 
reached from 3.9 in control treatment to 1.5 in 100% 
concentration of barley water extract.  
 
Rootlet, stemlet and plantlet length: 

 
There was a significant difference between 

weeds in rootlet, stemlet and plantlet length in (Table 
1). Also, the effect of difference concentrations of 
barley residue water extract on the rootlet, stemlet 
and plantlet length in all studied weeds were 
significant (Table 2). So that upon increasing the 
concentration of barley residue water extract, the 
length of rootlet, stemlet and plantlet of Amaranthus 
retroflexus (pigweed), Chenopodium album L (fat 
hen), Sorghum halapense (Jounson grass) and 
Centaurea cyanus (cornflower) were reduced. 
Fresh and dry weight of plantlet: 
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According to the results in Table 1, the four 
kinds of weeds were significantly different from each 
other in fresh and dry weights of plantlets (p<0.01). 
As well as the effect of different concentrations of 
barley residue water extract on the fresh weight and 
dry weight of the plantlet of the weeds were 
significant (p<0.05) (Table 1), and in response to  
increasing the concentration of barely residue extract 
from 0 to 100%, the fresh weight  and dry weight of 
all weed plantlets was reduced. Daliri et al [4] 
reported that barley extracts caused a marked 
reduction in Datura stramonium (thorn apple) 
hypocotyls and radicle dry weight. 

         
Stemlet to rootlet ratio, cell membrane permeability 
and concentration of malondialdehyde: 

 
The difference of stemlet / rootlet ratio in weeds 

was significant. Also, the effect of different 
concentrations of barely residue water extract on this 
ratio was significant (Table 1). This  parameter was 
reduced in all the weed kindes as response to 
increasing in barley extract concentration (Table 2).  

On the other hand cell membrane permeability 
and malondialdehyde content of studied weed 
plantlets were significant (Table 1). The results of 
variance analysis Table 1 indicated that the effect of 
barley water extract on malondialdehyde content and 
cell membrane permeability were significant so that 
upon reviewing Table 2, increasing the concentration 
of barley water extract, the value of these traits will 
be increased. In the research applied by Haddadchi et 
al [8], Brassica Napus (Canola) phenyl extract 
caused to the increase of Malondialdehyde 
concentration in the soybean rootlet which is 
compatible with the results gained from this research.  

      
Discussion: 

 
Results obtained in this study (Table 1 and 2) 

showed that barley water extract with a declined 
difference had negative effect on the germination and 
growth of all studied weed seeds. According to 
reports of Moosavi et al [11], germination and 
growth of plantlet in the farm is affected intensively 
by the presence of other plants and the plants upon 
releasing the allelopathic materials in the 
environment will avoid the growth of other plants. 
One suggested mechanism for the inhibition of seed 
germination is the disruption of ‘dark’ or 
mitochondrial respiration. During seed germination, 
there is a rapid increase in glycolytic activity linked 
to an increased rate of respiration [14]. This 
glycolytic activity is necessary to mobilize stored 
carbohydrates to provide the seed with the reducing 
power, ATP, and carbon products required for the 
biosynthesis of the roots and aerial parts of the 
emerging seedling. This inhibition has been 
attributed to a disruption of the activity of metabolic 
enzymes that are involved in glycolysis and the 

oxidative pentose phosphate pathway (OPPP), which 
takes substrates from glycolysis and feeds its 
products back into glycolysis [12]. 

According to the results, barley water extracts 
causes to the reduction of seed vigor of all tested 
weeds. It is compatible with the results gained from 
the applied tests by Kaffashzadeh et al [9] due to 
allelopathy of water extract and rye shoots powder 
on the germination indexes and growth of Brassica 
Napus (Canola) plantlet. According to their 
investigation, the effect of rye water extract on the 
Canola seed vigor was negative and significant 
reduction of seed vigor with the control was 
observed in all extract concentrations. The most 
reduction was observed in concentrations of 75 and 
100%. 

According to the gained results from this 
research, barley residue water extract had deterrence 
effect on the rootlet, stemlet and plantlet longitudinal 
growth of all tested weeds. Rejila et al [15] explained 
water extract of Jatropha curcas L had deterrent 
effect on the rootlet and stemlet longitudinal growth 
of Capsicum annum L. which are compatible with the 
results gained from this study. Some allelopathic 
compounds are thought to interact with the 
mitochondrial membrane and to impair 
mitochondrial respiration directly. This suggests that 
the decrease in enzymatic activity is a secondary 
effect of these compounds, which might be caused by 
general protein damage leading to decreased 
enzymatic activity [1].  According to the data of 
Table 2, barley residue water extract had negative 
effect on the fresh weight of weed planets. According 
to the researches applied by Shahrokhi et al [18] due 
to the allelopathy of water extract of pigweed shoots 
on the germination and growth of barley five varietis 
it was observed that the fresh weight of barley 
(cultivar of Fajr) on the water extract of all pigweed 
shoots has indicated negative reaction and it is 
compatible with the results gained from this paper. 
Dry weight of present weed planets was reduced due 
to barley residue water extract. The results of study  
applied by Benyas et al [3]. indicated that water 
extract of Xanthium strumarium L. in concentrations 
of 0, 1, 1.5 and 2% no considerable effect on the 
germination rate, rootlet length, dry weight of stemlet 
and rootlet and the gradient of the lentil chlorophyll 
but in the higher concentrations negative effects have 
been observed which are in compliance with the 
results of this study. The ration of the stemlet to 
rootlet in all weeds was reduced under deterrence 
effect of barley water extract. According to reports of  
Khahn et al [10], the shoots three types of legume 
had negative effect on the germination and growth of 
pigweed plantlet and caused the root to shoot ratio to 
be reduced in this plant that is compatible with the 
results of this research. Considering the results, cell 
membrane permeability and the concentration of 
malondialdehyde in the studied weeds has been 
increased upon increasing the concentration of barley 
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water extract. During Studying on the concentration 
of malondialdehyde of plant tissues may explain the 
rate of cell membrane destruction because this 
composite is released under effect of cell membrane 
destruction. Barley extract induces damage to cell 
membranes and also affects physiological functions 
of plants. There for relative permeability of the 
plasma membranes has been used to illustrate the 
damage degree of extract on weeds. On the other 
hands, cell membrane stability was affected by lipid 
peroxidation caused by active oxygen species under 
various stress conditions [7], and the concentration of 

MDA was an indicator of lipid peroxidation in plant 
cells [6]. There for the increase of the 
malondialdehyde concentrations in the 4 weeds after 
increase of barley extract concentration suggested 
that weeds were in a severe oxidative stress due to 
barley extract. 

In conclusion, this study recommend that the 
barley water extract have a high potential for non 
chemical control of weeds in corn and maybe in 
other crops. Therefore it can reduce excessive use of 
chemical herbicides in the environment. 

  
Table 1: Variance analysis for seed germination traits and seedling growth of corn (Zea mays L.) weeds affected by different concentrations  
              of shoot aqueous extract of Barley( Hordeum vulgare L.) 

S.O.V df Cell 
Membra
ne 
Permeab
ility 
 

Malond
ial 
dehyde  
Content 

Radic
al/ 
Plum
ule 

seedli
ng 
dry 
weig
ht 

seedlin
g  
fresh  
weight 

Seedlin
g 
length(
mm) 

Plumul
e 
length(
mm) 

radicle 
length(
mm) 

Seed 
vigor 

Germi
nation 
rate 

Germina
tion 

percenta
ge 

Weed 
(A) 
 

3 194.3* 3.8* 
23.44
* 

2.6** 7.3** 52.4* 24.4* 21.3* 9.55* 4.6* 38.3n.s 

Extract  
Concent
ration 
(B) 
 

4 108.2* 3.11** 
21.11
* 

0.2* 2.11* 67.98* 18.97* 15.67* 
11.87*

* 
2.2** 3.6** 

A*B 
 

2
0 

82.5* 0.055* 1.24* 0.05* 0.79* 83.33* 42.64* 39.86* 4.65* 0.24* 12.5* 

Error 
 

6
0 

16.4 0.005 2.45 0.037 0.024 2.22 1.86 2.3 0.08 0.05 27.2 

CV 
 

- 13.8 11.2 12 11 12.8 8.6 7.8 9 12 7.2 13.4 

ns, *and **means non-significant, significant at 5 and 1% levels of probability, respectively 
 

Table 2: Mean comparison of germination rate, plumule length and seedling dry weights of corn (zea mays L.) weeds affected by different  
              concentrations of shoot aqueous extract of Barley( Hordeum vulgare L. 

Weed Concen
tration 
of 
extract 
(%) 

Cell 
Membra

nce 
Permeabi

lity 
 

Malon
dial 

dehyde 
Conten

t 

Radic
al/ 

Plum
ule 

seedlin
g dry 

weight 
(mg) 

seedlin
g  fresh  
weight 

(mg) 

Seedl
ing 

length 
(mm) 

Plu
mule 
lengt

h 
(mm

) 

radic
le 

lengt
h 

(mm) 

See
d 

vigo
r 

Germ
inatio
n rate 

Germin
ation 
percent
age 

Pigweed 
 0 13.8 b 

0.115 
c 

1.27 
b 

31.1 a 332 a 99 a 56 
a 

44 a 
3.8  

a 
2.12 

a 
93 a 

 
 25 12.4 b 

0.139 
bc 

1.34 
a 

30 a 
330.3 

a 
69 a 55 

a 
41 a 3 a 

2.01 
ab 

90 b 

 
 50 12.6 b 

0.175 
b 

1.36 
a 

28.3 
ab 

331.1 
ab 

90 ab 52 
ab 

38 ab 
2.65 

b 
1.97 

bc 
73 c 

 
 75 18.8 ab 

0.202 
ab 

1.3 
ab 

22.2 b 266 b 69 c 39 
b 

30b 
2.3 
bc 

1.77 
c 

66 d 

 
 100 29.5 a 

0.205 
a 

1.17 
c 

19 bc 
235.4 

bc 
61 c 33b

c 
28 bc 

1.78 
c 

1.65 
c 

62 de 

Goosefoo
t 
 

0 16.2 b 
0.165 

d 
1.15 

a 
31.1 a 

312.4 
a 

82 a 44 
a 

38 a 
2.9 

a 
2.78 

a 
92 a 

 
 25 17.1 b 

0.171 
d 

1.16 
a 

236.3 
b 

256.5 
ab 

67 b 36 
b 

31 b 
2.5 

a 
2.75 

a 
75 b 

 
 50 19.5 b 

0.208 
cd 

1.16 
a 

19.6 c 
208.7 

b 
54 c 29 

c 
25 c 2  b 

2.36 
a 

66 c 

 
 

75 19.6 ab 
0.235 

b 
1.05 

c 
14.1 d 

150.8 
c 

39 d 20d 19 d 
1.8 
bc 

1.78 
bc 

61 d 

 
 100 35.3 a 

0.270 
a 

1.11 
ab 

11.1 e 
139.2 

d 
36 e 19 

d 
17 d 1 c 

1.35 
c 

53 e 

Johnson 
grass 

 
0 15.9 b 

0.159 
d 

1.05 
c 

30.5 a 
317.6 

a 
82 a 42 

ab 
40 a 

3.9 
a 

2.75 
a 

67 a 
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25 14.4 b 0.246 
c 

1.22 
a 

26.3 b 
266.7 

b 
69 b 38 

b 
31 b 

3.5 
a 

2.65 
a 

53 b 

 
 

50 25.5 ab 0.268 
b 

1.12 
ab 

12.2 c 
127.4 

c 
33 c 28 

c 
25 c 

2.8 
b 

2.33 
a 

42 c 

 
 

75 35.6 a 0.302 
ab 

0.86 
d 

11.4 
de 

158.3 
d 

41 de 19 
d 

22 c 
2.1 
bc 

1.78 
bc 

31 d 

 
 

100 37.2 a 0.313 
a 

0.89 
d 

9.9 e 
139.2 

e 
36 e 17 

d 
19 d 

1.5 
c 

1.32  
c 

29 de 

Garden 
cornflowe
r 

 

0 13.2 b 0.117 
c 

1.08 
c 

37.6 a 
390.4 

a 
102 a 53 

a 
49 a 

2.87 
a 

2.02 
b 

78 a 

 
 

25 12  b 0.141 
bc 

1.08 
c 

31.2 a 
349.6 

a 
96 a 50 

a 
46 a 

2.77 
a 

2 b 75.2 a 

 
 

50 13.1 b 0.177 
b 

1.22 
a 

28.9 
ab 

324.2 
ab 

89 a 49 
ab 

40 ab 
2.5  

a 
1.89 

bc 
57 b 

 
 

75 23.8 ab 0.204 
ab 

1.05 
d 

25.6 
ab 

300.1 
ab 

78 b 40 
b 

38 b 
1.97 

b 
1.66 

c 
43 c 

 
 

100 26.2 a 0.209 
a 

1.16 
ab 

21 b 
254.2 

b 
65 c 35 

bc 
30 bc 

1.1 
c 

1.55 
c 

31 d 

In each column, means with similar letters do not differ significantly at 0.05 probability level 
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