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Abstract

Allelopathy is a complex phenomenon which depends on allelochemical concentrations.
So, two pot experiments were carried out to investigate the allelopathic effect of alcoholic
fresh shoot extract of Eruca sativa (foliar spray) and E. sativa shoot powder (mixed with
soil) on Pisum sativum plants and two associated weeds, Phalaris minor and Beta vul-
garis. The experiments were conducted in the greenhouse of the National Research Cen-
tre, Giza, Egypt during two successive winter seasons (2016-2017 and 2017-2018). Ten
treatments were applied in this study. Four treatments were applied before sowing, that
E. sativa shoot powder was mixed with the soil at rates of 15, 30, 45 and 60 g - pot™. The
other four treatments of E. sativa alcoholic fresh shoot extract were sprayed twice on both
plants and weeds at 5, 10, 15 and 20% (w/v) concentrations. Additionally, two untreated
treatments, healthy (P. sativum only) and unweeded (untreated infested P. sativum plants
with weeds) were applied for comparison. The results indicated that both alcoholic extracts
and powder reduced growth of both weeds. Moreover, there was a direct relationship be-
tween concentration and weed reduction. Eruca sativa alcoholic extracts increased yield
parameters of P. sativum plants. The maximum vyield attributes were recorded by spraying
of E. sativa alcoholic extract at 20%. On the other hand, it was clearly noticed that the high
powder rates affected negatively P. sativum yield parameters. But the lowest powder rate
(15 g - pot™) stimulated P. sativum yield parameters as compared to unweeded treatment.
Chemical analysis of E. sativa shoot powder ensured that the abundant amount of glucosi-
nolates (9.6 pmol - g™) and phenolic compounds (46.5 mg - g*') may be responsible for its
allelopathic effect. In conclusion, spraying of alcoholic fresh shoot extract of E. sativa at
20% (w/v) and mixing E. sativa shoot powder at 15 g - pot~'can be applied as natural bio-
herbicides for controlling weeds.
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Introduction

Pea (Pisum sativum L.) is a well-known vegetable and
belongs to family Leguminosae. It is the major food
ingredient of vegetarian diets and meets the food re-
quirements of people all over the world. It also contains
most of the essential nutrients like fiber and protein
(Khan and Shakoor 1991). Many non-chemical and
environmentally recommended weed management
practices have been applied to increase P. sativum yield
(Bakht et al. 2009; El-Rokiek and Saad El-Din 2017;
El-Rokiek et al. 2018). Weed management aims to ma-
nipulate the competitive balance in favor of the crop
and to keep undesirable weeds at manageable levels

(Bond and Grundy 2000). Recently, allelopathy has
become one of the eco-friendly approaches which can
be used as an alternative safe method to control weeds.
Allelopathy is a phenomenon involving either benefi-
cial or harmful effects of a plant (including microor-
ganisms) on another plant by releasing allelochemicals
into the environment (Singh et al. 2001).

The Brassicaceae family has allelopathic potential
on the growth of other plants (Martinez-Ballesta et al.
2013; Salisbury et al. 2018). Generally, Brassica species
have been reported to have abundant amounts of glu-
cosinolates (GSLs) especially in the seeds (Velasco et al.
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2008; Messiha et al. 2013; Ahmed et al. 2014; El-Masry
et al. 2015). GSLs are chemically stable and not biolo-
gically active under normal conditions. As Brassicaceae
plant tissues are damaged, GSLs are hydrolyzed by the
myrosinase enzyme to phytotoxic products such as iso-
thiocyanates, nitriles, epithionitriles, thiocyanates and
oxazolidines (Bones and Rossiter 2006). Among these
products, special attention has been given to isothiocy-
anates which have achieved good results in controlling
weeds (Zaji and Majd 2011; Martinez-Ballesta et al.

2013; Ahmed et al. 2014; Salim et al. 2017; Couedel

et al. 2018). GSLs are mainly involved in many biologi-

cal activities (Chen et al. 2012).

Eruca sativa (Rocket salad) belongs to the family
Brassicaceae. Eruca sativa like other Brassica vegetables
is known to contain various phytochemical metabo-
lites such as polyphenols, vitamin C and GSLs (Lazzeri
et al. 2003; Kim et al. 2006; Martinez-Ballesta et al.
2013; Ahmed et al. 2014). Bennett et al. (2006) report-
ed that glucosativin was the dominant GSL in the Eru-
ca species. Additionally, E. sativa leaves were found to
contain 67 volatile essential oil components, represent-
ing 96.52% of the oil. 4-methyl thiobutylisothiocyanate
(60.13%) and 5-methyl thiopentanonitrile (11.25%)
were the major constituents (Mitsuo et al. 2002).

The objectives of this study were to:

1. Evaluate the allelopathic effect of alcoholic fresh
shoot extract of E. sativa as well as E. sativa shoot
powder on the growth and yield of P. sativum plants
and its associated weeds i.e. Phalaris minor and
Beta vulgaris.

2. Study the possibility of using either alcoholic fresh
shoot extract of E. sativa or E. sativa shoot powder
as a natural bioherbicide to control P. minor and
B. vulgaris weeds.

Materials and Methods

Preparation of dry plant material

Shoot parts of E. sativa were collected from fields and
washed with tap water, then dried at room temperature in
the shade for several days. Dried plant tissues were ground
separately into a fine powder using an electric mill.

Preparation of alcoholic fresh shoot extract
of Eruca sativa

Fresh shoots of (E. sativa) were collected and washed
with tap water, then cut into small particles. Stock so-
lution (20% w/v) was prepared according to Mekon-
nen (1999) by soaking 200 g of E. sativa fresh shoots
in 11 of 80% ethanol, then mixed well using an elec-
tric ground blender. The produced mixture was trans-
ferred to a 2 1 beaker and covered with parafilm. The

beaker was placed on a shaker (200 revolution/min)
for 48 h at room temperature. The mixture was filtered
through four layers of cheesecloth to remove debris
and centrifuged for 30 min. The supernatant was then
filtered through one layer of filter paper (Whatman
No. 1). After filtration, ethanol was evaporated using
a rotary evaporator device. Three concentrations, 5, 10
and 15% (w/v), were prepared from 20% stock solution
using distilled water. The method of extraction was re-
peated according to need to ensure that the extracts
were always fresh.

Pot experiments

Two pot experiments were carried out in November
during two successive winter seasons (2016-2017 and
2017-2018) in the greenhouse of the National Research
Centre (NRC). Both experiments were conducted in
a completely randomized design with nine replicates.
Pottery pots (30 cm in diameter and 0.07 m?*) were
filled with equal amounts of sieved sandy-loam soil.
Seeds of P. sativum (cv. Master B) were obtained from
the Agricultural Research Centre, Egypt. Five seeds of
P, sativum were sown 2 cm deep from the soil surface.
All pots (except the healthy treatment) were infested
with the same number of B. vulgaris and P. minor weed
seeds and mixed thoroughly. Ten treatments were
applied in this investigation. Four treatments were
treated with E. sativa shoot in powder form which was
mixed with the soil surface before sowing at rates of 15,
30, 45 and 60 g - pot™’. After sowing of pots, the cor-
responding four treatments of E. sativa alcoholic ex-
tracts were sprayed at 5, 10, 15 and 20% (w/v). Extracts
were sprayed twice using a hand sprayer at the rate of
50 ml - pot™ 2 and 3 weeks after sowing (plants were at
four leaf stage) on the foliage part of P. sativum and its
associated weeds (P. minor and B. vulgaris). Addition-
ally, two control treatments i.e. healthy and untreated
were sprayed with distilled water for comparison. All
treatments were maintained under greenhouse condi-
tions and all cultural practices were applied especially
irrigation and fertilization.

Studied parameters

Weeds

Three replicates were collected from each treatment at
45 and 70 days after sowing (DAS) and the dry weights
of both P. minor and B. vulgaris (g - pot™) were recorded.

Pisum sativum plants

Growth parameters

In both seasons at 45 and 70 DAS, three replicates of
P, sativum plants were collected from each treatment to
determine shoot height/plant (cm), number of leaves/
plant and dry weight of plant (g).
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Yield and yield attributes

At harvest, samples of P sativum plants were taken
from each treatment to determine the number of pods/
plant, dry weight of pods/plant (g), number of seeds/
plant and dry weight of seeds/plant.

Chemical analysis of Erucca sativa shoot powder
Total glucosinolates GSLs (pmol - g! DW) were ex-
tracted from E. sativa dry shoot powder. GSLs were
measured by determining the liberated glucose which
was released during hydrolysis by the myrosinase en-
zyme (Rauchberger et al. 1979). The resulting glucose
was determined using aspectrophotometer device at wave
length 490 nm according to the methods defined by Na-
sirullah and Krishnamurthy (1996). The GSLs value was
obtained by multiplying the factor 2.1 for glucose.

Total phenolic contents (mg - g”' DW) were deter-
mined in E. sativa dry shoot powder with aspectro-
photometer device at wave length 520 nm using Folin
Ciocalteu phenol reagent according to the method de-
fined by Snell and Snell (1953).

Statistical analysis

All data were statistically analyzed according to Snede-
cor and Cochran (1980) and the treatment means were
compared by using LSD at 0.05 probability.

Results

Weeds

As shown in Table 1 different concentrations of al-
coholic fresh shoot extract of E. sativa (foliar spray)

(5-20% w/v) and E. sativa shoot powder (mixed with
soil) (15-60 g - pot™) significantly suppressed the dry
weight of both P. minor and B. vulgaris weeds.

The reduction in the dry weight of both weeds was
concentration dependent. The highest concentration
of E. sativa shoot powder (60 g - pot™) was followed
by alcoholic fresh shoot extract of E. sativa (20%) and
scored the maximum reduction in both weeds. These
ideal treatments caused a reduction in P. minor up to
90.27 and 84.63% and reduction in B. vulgaris reached
up to 87.20 and 78.02%, respectively at 45 DAS. Where-
as, at 70 DAS alcoholic fresh shoot extract of E. sativa
(20%) controlled both weeds the most effectively, fol-
lowed by E. sativa shoot powder (60 g - pot™). Phalaris
minor reduction was 79.44 and 76.74% and B. vulgaris
reduction amounted to 84.82 and 84.67%, respectively,
as compared to unweeded control treatment.

Pisum sativum plants

Growth parameters

Results in Table 2 indicated that all growth parameters
(shoot height, number of leaves/plant and plant dry
weight) of P. sativum were affected by fresh shoot alco-
holic extract of E. sativa and E. sativa shoot powder at
different concentrations. At45 DAS, the low concentra-
tions of alcoholic extracts at 10 and 15% significantly
increased shoot height from 22.8 to 37.8 and 35.5 cm,
respectively, which was higher than the healthy value
of 34.0 cm. At 70 DAS, 15 and 10% concentrations
induced shoot height from 30.3 to 58.3 and 53.0 cm,
respectively, followed by healthy plants (52.0 cm). By
increasing the extract concentration to 20%, the rates
of increasing in shoot height decreased (46.7 cm) but
were still higher than unweeded treatment. The lowest

Table 1. Effect of different concentrations of alcoholic fresh shoot extracts of Eruca sativa and E. sativa shoot powder on the dry weight
of Phalaris minor and Beta vulgaris (g - pot™') (average of the two seasons)

Dry weight [g - pot™']

Treatments 45 days after sowing 70 days after sowing
P.minor B. vulgaris P.minor B. vulgaris
P. sativum only (healthy) 0.00 0.00 0.00 0.00
Unweeded 7.61 4.14 11.09 7.18
5% 240 2.58 6.00 3.23
Alcoholic fresh 10% 172 1.90 5.60 2.54
shoot extract of
E. sativa [w/v] 15% 1.40 112 3.80 1.82
20% 1.17 0.91 2.28 1.09
15 2.36 2.06 8.34 3.11
E. sativa shoot 30 1.36 1.09 6.37 243
powder [g - pot™'] 45 1.03 0.81 5.31 1.63
60 0.74 0.53 2.58 1.1
LSD at 0.05 3.70 1.58 4.09 1.49
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Table 2. Effect of different concentrations of alcoholic fresh shoot extract of Eruca sativa and E. sativa shoot powder on growth
parameters of Pisum sativum L. plants at 45 and 70 days after sowing (average of the two seasons)

45 days after sowing

70 days after sowing

Treatments . shoot no. of leaves/ dry weight/ . shoot no. of leaves/ dry weight/

height/plant lant plant height/plant plant plant
[cm] P [q] [cm] (gl
P. sativum only (healthy) 34.0 1.5 1.45 520 18.00 4.76
Unweeded 22.8 9.5 0.83 30.3 13.33 1.97
5% 32.8 10.2 0.91 51.0 16.00 2.07
Alcoholic fresh 10% 37.8 10.8 0.99 53.0 16.33 2.38
shoot extract

of E. sativa [w/v] 15% 355 109 1.55 58.3 16.67 3.80
20% 33.0 10.3 1.84 46.7 14.67 480
15 28.5 12.3 1.11 46.0 17.67 4.16
E. sativa shoot 30 235 10.0 1.03 337 16.67 3.65
powder [g-pot] 45 225 9.7 0.81 25.7 16.33 1.95
60 16.5 7.5 0.73 223 16.00 1.39
LSD at 0.05 3.28 1.18 0.21 6.68 2.11 0.98

rate of E. sativa shoot powder (15 g - pot™) significantly
increased P. sativum shoot height more than unweed-
ed treatment (28.5 and 46.0 cm, respectively, at 45 and
70 DAS). Higher powder rate (30 g - pot™) slightly in-
creased shoot height (23.5 and 33.7 cm, respectively, at
45 and 70 DAS) with no significant difference with un-
weeded treatment. It was noticeable that at the highest
concentration of E. sativa shoot powder (60 g - pot™),
P, sativum shoot height was negatively affected and was
significantly lower than unweeded treatment (16.5 and
22.3 cm, respectively, at 45 and 70 DAS).

It was observed that there was a direct relationship
between the alcoholic extract concentration and the
number of leaves. The alcoholic fresh shoot extracts
increased the number of leaves/plant at all concen-
trations especially at 15%. An adverse relationship
was observed between E. sativa shoot powder and
the number of leaves. The lowest concentration of
E. sativa shoot powder (15 g - pot™) scored the high-
est number of leaves at 45 DAS (12.3 leaves/plant). At
70 DAS, healthy plants had the highest number of
leaves (18.0 leaves/plant) followed by E. sativa shoot
powder at 15 g - pot™ (17.67 leaves/plant) with no sig-
nificant difference between them as compared to un-
weeded treatment.

As alcoholic shoot extract of E. sativa concentra-
tion increased, P. sativum dry weight reached the high-
est dry weight values (1.84 and 4.80 g, respectively at
45 and 70 DAS) using E. sativa alcoholic extract at
20%. But in the case of E. sativa powder, a negative
response was recorded by increasing concentration.
The highest concentration (60 g - pot™) gave values
(0.73 and 1.39 g, respectively, at 45 and 70 DAS) lower
than unweeded treatment with no significant differ-
ence between them.

Yield and yield attributes

From the recorded results in Table 3 it is clear that
most of the applied treatments ie. alcoholic fresh
shoot extract of E. sativa and low concentrations of
E. sativashoot powder increased yield and the attributes
of P. sativum plants (number of pods/plant, dry weight
of pods/plant, number of seeds/plant and dry weight
of seeds/plant). Healthy treatment, E. sativa alcoho-
lic extract at 20% and E. sativa powder treatment at
15 g - pot™ gave the highest number of pods/plant
(1.86, 1.50 and 1.49 pods/plant), dry weight of
pods/plant (2.36, 2.19 and 2.15 g) and dry weight of
seeds/plant (2.007, 1.977 and 1.973 g), successively. The
number of seeds/plant did not respond with the same
trend to the applied treatment. The E. sativa alcoholic
extract at 20, 15 and 10% gave the highest number of
seeds/plant (14.33, 13.67 and 12.0 seed/plant, respec-
tively, with no significant difference between them.

A direct relationship was noticed between increas-
ing the concentration of the applied alcoholic extract
of E. sativa fresh shoot and yield increment. In con-
trast, although E. sativa powder reduced the dry weight
of both investigated weeds (Table 1), it was clear that
as the powder concentration increased the yield and
yield attributes decreased to the maximum reduction
at 60 g - pot™. Particularly, E. sativa shoot powder at
15 and 30 g - pot™increased yield and its attributes as
compared to unweeded treatment. On the contrary,
E. sativa shoot powder at 45 and 60 g - pot™' affected
negatively yield and yield attributes of P. sativum which
decreased lower than unweeded treatment. In conclu-
sion, alcoholic fresh shoot extract of E. sativa at 20%
and E. sativa powder at 15 g - pot™ gave the highest
yield increment, about 128.0 and 127.6%, respectively.
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Table 3. Effect of different concentrations of alcoholic fresh shoot extracts of Eruca sativa and E. sativa shoot powder on Pisum sativum L.

yield and its attributes (average of the two seasons)

No. of pods/

Dry weight of

Dry weight of

Treatments plant pods/plant No. Sras:de/ seeds/plant :r/:c(r)ir):ilndt
lg] l9] lg]
P. sativum only (healthy) 1.86 2.36 8.67 2.007 56.8
Unweeded 1.03 1.14 5.33 0.867 0.0
5% 1.42 1.36 9.33 1.228 416
Alcoholic fresh shoot extract 10% 1.47 1.84 12.00 1.563 80.3
of E. sativa [w/V] 15% 147 2.12 13.67 1.937 123.4
20% 1.50 2.19 14.33 1.977 128.0
15 1.49 2.15 9.67 1.973 127.6
E. sativa shoot powder 30 1.33 1.50 7.67 1510 74.2
[g-pot] 45 1.00 1.01 5.00 0.777 -104
60 0.87 0.87 4.67 0.663 -23.5
LSD at 0.05 ns* 0.45 2.88 0.34 -

*not significant

Chemical analysis of Eruca sativa
shoot powder

The results (Table 4) demonstrate the abundant
amount of GSLs (9.55 umol - g! DW) and phenolic
compounds (46.5 mg - g DW) in E. sativa shoot pow-
der which could be considered as the main tools of safe
weed management strategy.

Discussion

Allelopathic potential of Brassicaceae plants is one of
many strategies recently applied to minimize the use
of chemical herbicides in agriculture. Kimberly et al.
(2002) reported that E. sativa contains GSLs derived
from a group of amino acids, including methionine,
phenylalanine, alanine, leucine and tryptophan which
may be responsible for this suppressive effect on weeds
(Table 1). Bennett et al. (2007) found that E. sativa
sprouts contain abundant amounts of GSLs which are
the precursors of erucin and sativin biologically ac-
tive isothiocyanates. Messiha et al. (2013) and Ahmed
et al. (2014) attributed the suppressive effect of
E. sativa seed powder on weeds to GSLs and phenolic
compounds. Moreover, many scientists found that
Brassicaceae plants contain GSLs which hydrolyzed
under stress to a number of phytotoxic products. Iso-
thiocyanate is the main created phytotoxic compound
which achieved good results in controlling weeds (Eb-
rahimi et al. 2011; Cerdeira et al. 2012; Messiha et al.
2013; Ahmed et al. 2014; El-Masry et al.2015; Salim
et al. 2017; Salisbury et al. 2018). Moreover, E. sativa
also has antifungal activity which may be accompanied

with the presence of antioxidants such as glucosinolates,
flavonoids, carotenoids in addition to the volatile frac-
tions (Hanafi et al. 2010). Weckerle et al. (2001) and
Pasini et al. (2011) reported that kaempferol deriva-
tives are considered to be the major group of phenolic
compounds present in E. sativa leaves (77-88% of to-
tal phenolic compounds), followed by isorhamnetin-
-3,4-diglucoside and quercetin, representing 16.3%
and 9%, respectively, of the total phenolic compounds.
El-Rokiek et al. (2018) revealed that phenolic com-
pounds, flavonoids as well as essential oils may be re-
sponsible for the allelopathic inhibition effect on weeds
associated with P. sativum plants. Allelochemicals di-
rectly affect the physiological processes in plants such
as mitotic activity, photosynthesis, nutrient absorption,
permeability of cell membranes, respirationas well as
enzyme action inhibition and protein formation (Rice
1984; Wu et al. 2000; Xuan et al. 2004). Allelochemicals
also affect the photosynthetic area or assimilation rate
which may in turn cause plant dry matter reduction
(Dadkhah 2012). Additionally, as shown in Table 1,
E. sativa fresh shoot alcoholic extract and shoot powder
reduced the dry weight of both weeds and this reduc-
tion was increased by increasing concentration. These
findings are in accordance with Hegab et al. (2008) and
Ahmed et al. (2014) who showed a direct relationship
between the high response to the inhibition effect of
the applied allelopathic extract or powder and the in-
crement in allelochemicals concentration.

The recorded inhibition of weeds by spraying al-
coholic extract of E. sativa of fresh shoot at 20% or
by mixing of E. sativa shoot powder at 15 g - pot™ (Ta-
ble 1) was reflected on P. sativum growth and yield pa-
rameters (Tables 2 and 3). This may be related to the
stimulatory effect of E. sativa secondary metabolites on
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Table 4. Total glucosinolates (GSLs) and total phenolic content in Eruca sativa shoot powder

Material Total GSLs Total phenolic compounds
[umol - g DW] [mg- g~ DW]
Eruca sativa shoot powder 9.55 46.5

P, sativum plants (Kimberly et al. 2002). Also, it may
be related to the reduction of competitor agents with
P sativum plants as recorded by several researchers
(Bakht et al. 2009; El-Rokiek and Saad El-Din 2017;
El-Rokiek et al. 2018).

Conclusions

Alcoholic extract of E. sativa fresh shoot and E. sativa
shoot powder reduced the dry weight of both weeds.
This reduction increased with increasing concentra-
tions. Eruca sativa shoot powder at high concentra-
tions affected negatively P. sativum plants. So, E. sativa
alcoholic extract at 20% (w/v) and shoot powder at
15 g - pot' can be tested under field conditions in con-
trolling P. minor and B. vulgaris, associated with P. sati-
vum plants, as natural eco-friendly herbicides.

Acknowledgements

This research was supported by the project of National
Research Centre (Egypt) “Some safe strategies to im-
prove weed control efficiency in some export crops”
(N011040202). We wish to thank Prof. Dr. Ibrahim
M. El-Metwally, the principal investigator (PI) of the
project.

References

Ahmed S.A., El-Rokiek K.G., El-Masry R.R., Messiha N.K. 2014.
The efficiency of allelochemicals in the seed powder of Eruca
sativa in controlling weeds in Pisum sativum. Middle East Jour-
nal of Agriculture Research 3 (4): 757-762.

Bakht T., Khan I.A., Khan M.I,, Khan I, Khattak A.M. 2009. Weed
control in pea (Pisum sativum L.) through mulching. Pakistan
Journal of Weed Science Research 15 (1): 83-89.

Bennett R.N., Carvalho R., Mellon EA., Eagles J., Rosa E.A.S.
2007. Identification and quantification of glucosinolates in
sprouts derived from seeds of wild Eruca sativa L. (salad
rocket) and Diplotaxis tenuifolia L. (wild rocket) from di-
verse geographical locations. Journal of Agricultural and
Food Chemistry 55: 67-74. DOI: https://pubs.acs.org/doi/
abs/10.1021/j£061997d

Bennett R.N., Rosa E.A.S., Mellon FA., Kroon P.A. 2006. Ontogen-
ic profiling of glucosinolates, flavonoids, and other secondary
metabolites in Eruca sativa (salad rocket), Diplotaxis erucoides
(wall rocket), Diplotaxis tenuifolia (wild rocket) and Bunias
orientalis (Turkish rocket). Journal of Agricultural and Food
Chemistry 54: 4005-4015. DOI: http://dx.doi.org/10.1021/
052756t

Bond W,, Grundy A.C. 2000. Non-chemical weed management in-
organic farming systems. Weed Research 41 (5): 383-405. DOI:
https://doi.org/10.1046/j.1365-3180.2001.00246.x

Bones A.M., Rossiter ].T. 2006. The enzymic and chemically induced
decomposition of glucosinolates. Phytochemistry 67: 1053-
1067. DOI: https://doi.org/10.1016/j.phytochem.2006.02.024

Cerdeira A.L., Cantrell C.L., Dayan EE., Byrd ].D., Duke S.0. 2012.
Tabanone, a new phytotoxic constituent of cogongrass (Im-
perata cylindrica). Weed Science 60: 212-218. DOL: https://doi.
org/10.1614/WS-D-11-00160.1

Chen Y.Z., Pang Q.Y,, Hea Y., Zhua N., Branstroma I, Yanb X.F.
Chen S. 2012. Proteomics and metabolomics of arabidopsis-
esponses to perturbation of glucosinolate biosynthesis. Mo-
lecular Plant 5 (5): 1138-1150. DOI: https://doi.org/10.1093/
mp/sss034

Couedel A., Alletto L., Kirkegaard J., Justes E. 2018. Crucifer glu-
cosinolate production in legume-crucifer cover crop mixtures.
European Journal of Agronomy 96: 22-33. DOI: https://doi.
0rg/10.1016/j.eja.2018.02.007

Dadkhah A. 2012. Phytotoxic effect of aqueous extract of eucalyp-
tus sunflower and sugerbeet on seed germination, growth and
photosynthesis of Amaranthus retrofelexus. Allelopathy Journal
29 (2): 287-296.

Ebrahimi E, Hosseini N.M., Hosseini M.B. 2011. Effects of herbal
extracts on red root pigweed (Amaranthus retroflexus) and
lambs quarters (Chenopodium album) weeds in pinto 143 bean
(Phaseolus vulgaris). Iranian Journal of Field Crop Science
42:757-766.

El-Masry R.R., Messiha N.K., El-Rokiek K.G., Ahmed S.A., Mo-
hamed S.A. 2015. The allelopathic effect of Eruca sativa Mill.
Seed powder on growth and yield of Phaseolus vulgaris and as-
sociated weeds. Current Science International 4 (4): 485-490.

El-Rokiek K.G., Saad El-Din S.A. 2017. Allelopathic activity of Eu-
calyptus globulus leaf water extract on Pisum sativum growth,
yield and associated weeds. Middle East Journal of Applied Sci-
ences 7 (4): 907-913.

El-Rokiek K.G., Saad El-Din S.A., El-Wakeel M.A, Dawood M.G.,
El-Awadi M. 2018. Allelopathic effect of the two medicinal
plants Plectranthus amboinicus (Lour.) and Ocimum basilicum
L. on the growth of Pisum sativum L. and associated weeds.
Middle East Journal of Agriculture Research 7 (3): 1146-1153.

Hanafi E.M., Hegazy E.M., Riad R M., Amer H.A. 2010. Bio-protec-
tive effect of Eruca sativa seed oil against the hazardous effect of
aflatoxin B1 in malerabbits. International Journal of Academic
Research 2 (2): 670-674.

Hegab M.M., Khodary S.E.A., Hammouda O., Gharieb H.R. 2008.
Autotoxicity of chard and its allopathic potentiality on germi-
nation and some metabolic activities associated with growth of
weed seedling. African Journal of Biotechnology 7: 884-892.

Khan L.A., Shakoor M.A. 1991. Variation in quantitative characters
of peas after seed irradiation. Botanical Bulletin of Academia
Sinica 23 (2): 105-118.

Kim S.J., Kawaharada C., Ishii G. 2006. Effect of ammonium: ni-
trate nutrient ratio on nitrate and glucosinolate contents of
hydroponically-grown salad rocket (Eruca sativa Mill.). Soil
Science Plant Nutrition 52 (3): 387-393. DOI: http://dx.doi.
org/10.3390/nu6041519

Kimberly L.E, Vogel C., Textor S., Bartram S., Hick A., Pickett J.A.,
Gershenzon J. 2002. Glucosinolate biosynthesis: demonstration
and characterization of the condensing enzyme of the chain
elongation cycle in Eruca sativa. Phytochemistry 65 (8): 1073-
1084. DOI: https://doi.org/10.1016/j.phytochem.2004.02.021



www.czasopisma.pan.pl P N www.journals.pan.pl
=

POLSKA AKADEMIA NAUK

176 Journal of Plant Protection Research 59 (2), 2019

Lazzeri L., Baruzzi G., Malaguti L., Antoniacci L. 2003. Replac-
ing methyl bromide in annual strawberry production with
glucosinolate-containing green manure crops. Pest Manage-
ment Science 59 (9): 983-990. DOI: http://dx.doi.org/10.1002/
ps.726

Martinez-Ballesta M., Moreno D.A., Carvajal M. 2013. The physi-
ological importance of glucosinolates on plant response to
abiotic stress in Brassica. International Journal of Molecular
Science 14 (6): 11607-11625. DOI: https://doi.org/10.3390/
ijms140611607https://doi.org/10.3390/ijms140611607

Mekonnen Y. 1999. Effects of ethanol extract of Moringa steno-
petala leaves on Guinea-pig and mouse smooth muscle. Journal
of Phytotherapy Research 13 (5): 442-444. DOI: https://doi.
org/10.1002/(SICI)1099-1573(199908/09)13:5%3C442:: AID-
PTR476%3E3.0.CO;2-7

Messiha N.K., Ahmed S.A., El-Rokiek K.G., Dawood M.G., El-Mas-
ry R.R. 2013. The physiological influence of allelochemicals in
two Brassicaceae plant seeds on the growth and propagative
capacity of Cyperus rotundus and Zea mays L. World Ap-
plied Sciences Journal 26 (9): 1142-1149. DOI: 10.5829/idosi.
was;j.2013.26.09.13548

Mitsuo M., Takako M., Kohsuke K. 2002. Composition of the essen-
tial oil from the leaves of Eruca sativa. Flavour and Fragrance
Journal 17 (3): 187-190. DOI: https://doi.org/10.1002/5j.1079

Nasirullah, Krishnamurthy M.N. 1996. A method for estimating
glucosinolates in mustard/rapeseeds and cake. Journal of Food
Science and Technology 33 (6): 498-500.

Pasini F, Verardo V., Cerretani L., Caboni M.F,, D’Antuono L.F.
2011. Rocket salad (Diplotaxis and Eruca spp.) sensory analy-
sis and relation with glucosinolate and phenolic content. Jour-
nal of the Science of Food Agriculture 91: 2858-2864. DOL:
https://doi.org/10.1002/jsfa.4535

Rauchberger Y., Mokady S., Cogan U. 1979. The effect of aqueous
leaching of glucosinolates on the nutritive quality of rapeseed
meal. Journal of the Science of Food and Agriculture 30: 31-39.
DO https://doi.org/10.1002/jsfa.2740300107

Rice E.L. 1984. Allelopathy. 2nd ed. Academic Press, New York,
USA, 424 pp.

Salim H.A., Abdalbaki A.A., Khalid H.A., Eshak H.S., Reski B.,
Alwan WK. 2017. Allelopathic effects for three plants extracts
on weeds of wheat (Triticum aestivum L.). Journal of Medici-
nal Herbs and Ethnomedicine 3: 31-33. DOI: http://doi.org/
10.25081/jmhe.2017.v3.3381

Salisbury PA., Potter T.D., Gurung A.M., Mailer R.J., Williams
W.M. 2018. Potential impact of weedy Brassicaceae species
on oil and meal quality of oilseed rape (canola) in Australia.
Weed Research 58 (3): 200-209. DOL https://doi.org/10.1111/
wre.12296

Singh H.P, Kohli R.K,, Batish D.R. 2001. Allelopathy in agro eco-
systems: An overview. Journal of Crop Production 4 (2): 1-41.
DOI: https://doi.org/10.1300/J144v04n02_01

Snedecor G.W., Cochran W.G. 1980. Statistical Methods of Analy-
sis. 7th ed. Iowa State University Press, Ames, Iowa, USA.

Snell ED., Snell C.T. 1953. Colorimetric Methods of Analysis.
Volume III. Organic Analysis. D. Van Nostrand Company, Inc.
Toronto, New York, London, 60 pp.

Velasco P, Soengas P, Vilar M., Cartea M.E. 2008. Comparison of
glucosinolate profiles in leaf and seed tissues of different Bras-
sica napus crops. Journal of the American Society for Horticul-
ture Science 133 (4): 551-558. DOI: https://doi.org/10.21273/
JASHS.133.4.551

Weckerle B., Michel K., Balazs B., Schreier P, Toth G. 2001. Quer-
cetin 3,3',4"-tri-O-beta-D-glucopyranosides from leaves of
Eruca sativa (Mill.). Phytochemistry Journal 57: 547-551. DOL:
https://doi.org/10.1016/S0031-9422(01)00059-0

Wu H., Pratley J., Lemerle D. Haig T. 2000. Laboratory screening for
allelopathic potential of wheat (Triticum aestivum) accessions
against annual rye grass. Australian Journal of Agricultural Re-
search 51 (2): 259-266. DOI: https://doi.org/10.1071/AR98183

Xuan T.D., Eiji T., Khan T.D. 2004. Methods to determine allelo-
pathic potential of crop for weed control. Allelopathy Journal
13 (2): 149-164.

Zaji B., Majd A. 2011. Allelopathic potential of canola (Brassica
napus L.) residues on weed suppression and yield response of
maize (Zea mays L.). p. 457-460. In: Proceedings of the Inter-
national Conference on Chemical, Ecology and Environmental
Sciences IICCEES, December 2011, Pattaya.



