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Abstract: In order to expression the inhibitory potential of rapeseed aqueous extracts from different plant parts
at four concentration (0, 24, 50, 100%) on germination and seedling establishment of two rice cultivars (Fajr and
Tarom) an experiment was conducted with four replications using a factorial arrangement in completely
randomized design. 100 uniformly seeds of rice cultivars after sterilization transferred to 9cm Petri dishes then
ten milliliters of each extract was added to Petri dishes. germination rate (GR), germination percentage (GP),
germination index (GI), vigor index (VI) and also root (RL) and shoot (SL) length were measured. The results
of variance analysis showed that both body extracts of rapeseed and their concentration were significantly
different in term of all mentioned parameters. The highest inhibitory effect on germination percentage, rate and
index were observed at 100% concentration (by 32.9, 59.8 and 63.7%, respectively) in improved cultivar i.e. Fajr.
The leaf extract, however, showed the highest inhibitory effects on germination rate in traditional cultivar i.e.
Tarom (by 44.4%). The degree of inhibition was increased with increasing of extract concentration. Based on
average values of all morphological traits inhibition the interaction effects were classified into five clusters.
Therefore, the highest inhibitory effect was belonged to the fifth cluster (100% concentration of leaf extracts)
with 87.51 average inhibitory effects among of all studied traits. Thus, it has been shown that rapeseed, which
is use as rotational crops before rice cultivation, could reduce seed germination and seedling establishment of
both improved and traditional rice cultivars.
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INTRODUCTION ryegrass (Lolium rigidum) in a collection of 453 wheat

Plant growth and development are influenced by a effectiveness of different accessions in their ability to
wide rang of fluctuating abiotic and biotic conditions that inhibit root growth of ryegrass was ranged from 10% to
usually create less than an optimal crop production [1]. 91%. Minorsky [6] stated that barley (Hordeum vulgare)
Allelopathy was defined as any process involving should be considered as a depressive prior crop for both
secondary metabolites produced by plant, algae, bacteria durum wheat and bread wheat in a field cropping
and fungi that influences the growth and development of sequence. In additional, several crucifer species were
agriculture and biological system [2]. Crops have been reported to have a phyto-toxic potential, such as the case
developed to exert their own defensive mechanism by of black mustard (Brassica nigra L.), which reduced wild
releasing chemicals into the soil. Allelochemicals barley (Hordeum spontaneum Koch.) growth [7].
produced by one crop species can influence the growth, Rapeseed (Brassica nigra L.) is used frequently as a prior
productivity and yield of other crops or the same crop [3]. crop to small grains in conventional agriculture.
A number of plant species have been reported to have an Meanwhile, as a prior crop could be advantageous
allelopathic effect on other plant species [4]. Wu et al. [5] whenever they release any stimulatory substance into the
evaluated wheat seedling allelopathy against annual risosphere of an economic crop. Haddadchi and Gerivani

accessions originating from 50 countries. The
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[8] reported that phenolic extracts of rapeseed contains rates (GR), Germination percentage (GP), germination
substances that inhibited the germination and seedling index (GI) and vigor index (VI) were measured according
growth of soybean (Glycin max L.). Furthermore, the to the following equations [2]:
degree of toxicity of rapeseed root part was more than
shoot part. The avoidance of allelopathic effects between GI = By dividing the number of germinating seeds each
crops, or the exploitation of beneficial interactions in a day by the number of days and summing the
rotation or a mixed cropping system may have direct values
bearing on the crop yield [9]. Both the rapeseed and rice GR = [Number of germinated seeds / number of
are important crops in Iran especially in Mazandaran germination days]
region and they often follow each other in a rotation. VI = [Seedling length (cm) × germination percentage] 
Therefore, a study was planned with the objectives to
evaluate the allelopathic influence of rapeseed fresh Statistical Analysis: The laboratory bioassay was
aqueous extract (as rapeseed residuals in paddy field) on conducted with four replications using a factorial
rice (both improved and traditional cultivars) seed arrangement in completely randomized design. The
germination and seedling growth parameters. analysis of variance for all data was conducted using the

MATERIALS AND METHODS system [11]. Mean separation for significant main effect

Aqueous Extract of Rapeseed: Plant material of rapeseed (LSD), at the 5% level of probability. Ward’s mean was
(cv. Hayola 401), was collected in May-June/2009 from the used for clustering the rice varieties based on means
Experimental Farm of Sari Agricultural Sciences and value of traits (SPSS V. 16.1).
Natural Resources University. The mature rapeseeds were
separated to pod, leaf, shoot and root. This experiment RESULTS AND DISCUSSION
was conducted in factorial arrangement based on
completely randomized design. Each part was allowed to Analysis of variance showed significantly different
decay for 24h in distilled water in the ratio of 1:10 w/v in terms body extracts of rapeseed and concentration
(plant material: water). Fresh samples were stored at -80°C among of all studied traits. Also, aqueous extracts from
and then freeze-dried. The samples were ground to a different parts of rapeseed and their concentrations
powder in a mortar and stirred in cold sterilized distilled showed  maximum  variation  between  rice  cultivars
water. Ten milliliters of water per gram of fresh sample was (Table 1).
added to the samples. The mixture was kept in a According to the results (Fig.1) suppressive effects
refrigerator for two h and then stirred on a rotary shaker of different body extracts of rapeseed on rice cultivars
for one hand centrifuged at 1500 rotation min  for 15 min. were increased by increasing their concentration from1

The supernatant of each part was kept in dark bottles at control (0%) to pure extract (100%), so that the highest
4°C until used with a slight modification of the method inhibitory effect on germination percentage, rate and index
developed by Ebana et al. [10]. For bioassay seeds of two were observed at 100% concentration (by 32.9, 59.8 and
rice cultivars consist of Tarom (as traditional cultivar) and 63.7%, respectively) in Fajr cultivar. Allelochemicals
Fajr (as improved cultivar) were prepared from Rice and produced and released by certain plants and
Citrus Research Institute (RCRI). microorganisms are only one component of the stresses

Bioassay with Rice Cultivars: To evaluate the [7] found that aqueous extracts of black mustard
allelopathic effect of aqueous extract of rapeseed, 100 (Brassica nigra) caused the reduction in germination,
uniformly seeds of rice cultivars after sterilization hypocotyl and radicle length of Avena fatua. Various
transferred to 9cm Petri dishes containing two layers of combinations of allelochemicals may be encountered
Whatman filter paper. Ten milliliters of each extract was through the aqueous medium or vapor phase.
added to Petri dishes, also in order to avoid water losses, Bradow and Connick [13] reported that residues of
edges of Petri dishes were tightly sealed with an several weeds and legume cover crops caused allelopathic
impermeable colorless Para film. Germination measured interference by emissions of volatile hydrocarbons,
from secondary days and continued until 10 days. Seeds alcohols, aldehydes, ketones, esters, furans and
were germinated when radical was 2 mm long. Germination monoterpenes into the soil atmosphere.

general liner model procedure of the statistical analysis

was conducted using the least significant difference test

that influence plant growth [12]. Tawaha and Turk, 2003
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Table 1: Analysis of variance of seed and seedling parameters of rice cultivars 

Mean Square (MS)

-------------------------------------------------------------------------------------------------------------------------------------------------------------

RL SL

----------------------------------

S.O.V df GP (%) GR (seed/day) GI VI (cm)

Cultivar (A) 1 84.36 169.56 4.76 0.04  0.13 1.47** ** ns ns ns ns

Extraction (B) 4 2126.74 72.55 137.98 8.47 66.57 41.79** ** ** ** ** **

Concentration (C) 2 5289.91 1580.16 2062.97 504.01 118.08 49.38** ** ** ** ** **

A×B 4 50.94 31.76 25.84 0.26 2.00 7.74* ** ** ns ns **

A×C 2 198.68 103.76 54.87 0.11 0.20 0.73** ** **  ns ns ns

B×C 8 1641.50 35.89 62.04 1.89 10.64 8.47** ** ** ** ** **

A×B×C 8 56.77 10.50 7.14 0.09 0.92 1.62** ns ** ns ns ns

Error 120 15.74 7.00 2.03 0.68 1.59 1.03

CV (%) 4.79 16.32 6.92 18.45 25.08 14.51

ns,** and *, not significant difference, significant difference at 0.01 and 0.05 probability level respectively

Fig. 1: Inhibitory percentage of different concentration of fresh body extracts from rapeseed on seed germination
percentage, rate and index of rice cultivars

Based on interaction effects (Table 2), in terms of
germination percentage, index and shoot length, the
highest suppressive effect, by 28.3, 41.6 and 37.6%,
respectively was belonged to leaf body extracts in Fajr
cultivar. Also, the leaf extract showed the highest
inhibitory effects on germination rate of Tarom cultivar
(by 44.4%). These results are in agreement with
observation of Tawaha and Turk [7] who suggested that
the most inhibitory effects of allelopathic plants was
produced by leaf extracts and all of these extracts had
more pronounced effects on radicle growth than on
hypocotyls growth.

Likewise, different fresh body extracts at all
concentrations inhibited all studied parameters compared
to control (0% concentration) and the degree of inhibition
increased with increasing extract concentration.

Table 2: Inhibitory percentage different fresh body extracts of rapeseed on
different rice cultivars

Inhibition (%)
------------------------------------------------------

Cultivar Body Extraction GP (%) GR (seed/day) GI SL (cm)

Fajr Leaf 28.3 39.5 41.6 37.6a b a a

Shoot 3.50 18.2 21.4 5.60f g e f

Pod 9.90 28.5 24.9 25.1c e d c

Root 6.80 23.7f 25.0 0.60d d g

Mix 7.00 37.0 33.8 2.90d bc b f

Tarom Leaf 23.0b 44.4 40.0 32.6a a b

Shoot 4.80 38.4 25.9 8.60e bc d e

Pod 10.0 40.0 35.2 8.60c b b e

Root 3.60 33.1 21.7 5.50f d e f

Mix 6.50 35.8 29.6 15.3d c c d

Means followed by similar letters in each column are not significantly
different at 5% probability level according to LSD.
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Fig. 2: Dendogeram for interactions on rice varieties by using average of morphological traits.
BE, Body Extract; Con, Concentration 

Table 3: Average of inhibitory percentage of traits by different extract
treatments

Cluster Treatments Averages of inhibitory (%)
First cluster 0% Pod 0.53

0% Mix 0.59
0% Leaf 0.60
0% Shoot 0.68
0% Root 0.89

Second cluster 25% Shoot 11.85
25% Root 15.01
50% Shoot 17.22
50% Root 17.88
25% Pod 18.63
25% Mix 18.84
25% Leaf 20.33

3  cluster 100% Shoot 24.34rd

50% Mix 24.59
100% Root 25.44
50% Pod 25.85
50% Leaf 31.27
100% Mix 33.95

4  cluster 100% Pod 42.27th

5  cluster 100% Leaf 87.51th

Accordingly, based on average values of all
morphological traits between 0 to 5 distances, the
interaction  effects  were  classified  into  five  clusters
(Fig. 2).

The clustering analysis (based on inhibitory means
from aqueous extracts and their concentrations are
presented in Table 3 and Fig. 2). Based on Table 3, from
cluster one to five, inhibitory effects of rapeseed was

increased in which the highest suppressive effect was
related to the fifth cluster (leaf extract at 100%
concentration) with 87.51 average inhibitory effects
among of all studied traits.

CONCLUSION

Rapeseed was investigated under laboratory
condition  for  allelopathic  potential   of   its  different
body parts against rice germination and establishment.
The  results  indicated  that  the  rice cultivars which
treated  by  rapeseed  extracts  showed  different
responses  in terms  of  some  traits.  Generally,  it  seems
that improved cultivar i.e. Fajr was more sensitive to
allelopathic effects of rapeseed extracts than traditional
cultivar  i.e.  Tarom.  In  conclusion,  it  has  been  shown
that  rapeseed,  which  is  used  as   rotational  crops
before  rice  cultivation  in  north  of  Iran  conditions,
could reduce seed germination and seedling
establishment of rice crop. 
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