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Beta vulgaris and Phalaris minor The results indicated significant reduction in the weed growth specially at 30g/kg
weeds associated Vicia faba L. soil of B. glabra leaf powder. The reduction in weed growth was accompanied by
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presence of allelochemicals, phenolic compounds, flavonoids and terpenoids in the

leaf powder of B. glabra suggesting using it as natural selective bioherbicide.
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1. Introduction

Faba bean (Vicia faba L.,) is one of the most important legumes in Egypt. It is used in human
nutrition because it is a good source of vegetarian protein (Kandil 2022) in addition to its importance
to farmers income. The plant also is useful in soil fertility. A major part of diet in Egypt consists of V.
faba (Hegab et al., 2014). Therefore, must increase and improve V. faba yield and quality. Weeds are
considered problems because they compete with nutrients, water uptake as well as light thus reducing
crop plants. Weed competition caused 60% reduction in V. faba yield (Alfonso et al., 2013). So,
controlling weeds interference is a strategy for increasing V. faba yield. Different herbicides were used
to control weeds in V. faba (Gomaa et al., 2022). However, due to continue use of these herbicides’
weeds becomes resistant in addition to environmental pollution (Aktar et al., 2009). So, searching for
alternatives for limiting the use of chemical herbicides is an important target.

Certain plants contain bioactive compounds that released to the surrounding environment affecting
other plant species, these plants are called allelopathic plants and used as bioherbicides (Singh et al.,
2019). The inhibitory or stimulatory effect of one plant by another through releasing allelochemicals is
called allelopathy (Duke et al., 2000).
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Medicinal plants are important sources of active materials that possess strong allelopathic potential
(Qasem, 2002; Azizi and Fuji, 2006; Gilani et al., 2010, Islam and Kato-Noguchi., 2014; Appiah etal., 2017,
El-Rokiek et al., 2018, and Akter et al., 2022).

The genus Bougainvillea that related to the plant family Nyctaginaceae has 14 species. Three
species of them are important: Bougainvillea spectabilis, B. glabra and B. peruvina. Bougainvillea
spectabilis is documented to possess different biological activity as anti-viral in capsicum annum and
okra (Balasaraswathi et al., 1998, Pun et al., 1999), nematicidal (Grewal, 1989) antibacterial
(Umamaheswari et al., 2008, Sardar et al., 2012) and insecticidal (Rao et al., 1992). It was reported that
B. glabra leaf powder has different biological activity like anti-inflammatory (Senapati et al., 2006),
insecticidal (Schlein et al., 2001) and antimicrobial (Edwin et al., 2006 & 2007, Gupta et al., 2009).
Different parts of some plant species as leaf, roots, flowers and seeds extracts were cited to have
allelopathic potential like Lavandula officinalis, Origanum syriacllm against Amaranthus retrojlexlls
and Chenopodium mw'ale, Ocimum sanctum on Phaseolus radiata, Phaseolus unguiculata,
Bougainvillea spectabilis against Cosmos bipinnatus and Ipomoea marginata, ocimum basilicum
against Phalaris minor and Anagalis arvensis, Rosmarinus officinalis, Nigella sativa L. and Artemisia
absinthium L on Capsicum annuum L., Spinacia oleracea L (Qasem, 2002, Purohit and Pandya, 2013,
Pawar and Rawal., 2016, EI-Rokiek et al., 2018, Diass et al., 2021; and Erhati¢ et al., 2023). B. glabra leaf
powder against Cyperus rotundus, Messihaa et al. (2023) reported that B. glabra leaf powder (5-40g/kg
soil) caused great significant inhibition in different growth characters of Cyperus rotundus, foliage and
underground organs in comparison to untreated control and the reduction in the weed growth characters
were increased with increasing concentration used. Because no much search focused on allelopathic
potential of B. glabra.

Therefore, in continued to the previous work (Messiha et al., 2023), the present investigation was
carried out against two weeds Beta vulgaris and Phalaris minor associated with V. faba plants to
explore more about the allelopathic potential of B. glabra.

2. Methodology

2.1. Preparation of materials

The leaves of Bougainvillea glabra that climbed on Egyptian gardens walls were collected (Figure 1)
and washed many times with tap water and allowed to dry in shade. After shading the dried leaves
were grinded to fine powder for use.

Figure 1: Bougainvillea glabra
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Two pot experiments were conducted in the greenhouse of the National Research Centre, Dokki,
Giza, Egypt during the two successive winter seasons 2020 / 2021 and 2021/2022 to explore more
about allelopathic effect of Bougainvllea glabra. Therefore, the prepared leaf powder of B. glabra was
mixed with soil surface in the greenhouse pots at concentrations, 10, 20 and 30g/kg soil. The seeds of
V. faba cv. Egypt 3 that obtained from Agricultural Research Centre, Giza Egypt were sown (8
seeds/pot) after mixing the leaf powder of B. glabra. At the same time a definite weight of the seeds of
Beta vulgaris and Phalaris minor were sown with the seeds of V. faba. The pots were 60cm diameter
and 60cm high and the experiment consisted of 12 treatments as follow:

Number | Treatments

1 B. vulgaris alone

2 V. faba alone (free control)

3 V. faba + B. vulgaris weed (mixed control)

4 V. faba + B. vulgaris + leaf powder of B. glabra at 10g/kg soil
5 V. faba + B. vulgaris + leaf powder of B. glabra at 20g/kg soil
6 V. faba + B. vulgaris + leaf powder of B. glabra at 30g/kg soil
7 P. minor alone

8 V. faba alone (free control).

9 V. faba + P. minor (mixed control)

10 V. faba + P. minor + leaf powder of B. glabra at 10g/kg soil
11 V. faba + P. minor + leaf powder of B. glabra at 20g/kg soil
12 V. faba + P. minor + leaf powder of B. glabra at 30g/kg soil

All pots were distributed at complete randomized design. Each treatment represented by 9
replicates. The normal cultural practices of growing V. faba plants were followed specially fertilization
and irrigation.

1.2. Charaacters studied

2.2.1. Weeds

Three replicates were collected from each treatment at 45 and 90 days after sowing (DAS). Fresh and
dry weight of the weeds was recorded (g/pot).

2.2.2. Vicia faba plants
Vegetative growth

Three pots were taken from each treatment, three V. faba plants were taken from each pot 45 and
90 DAS to determine: plant height (cm), number of leaves /plant, fresh and dry weight/plant (g).

V. faba Yield and yield components

Three pots were taken from each treatment, three plants of V. faba were taken at harvest from each pot
to determine: number of pods/plant, number of seeds/pod, weight of seeds/plant (g) and weight of 100
seeds (Q).

2.3. Chemical analysis

2.3.1. Determination of chlorophyll content in V. faba leaves

Chlorophyll a, chlorophyll b and carotenoid contents were determined in V. faba leaves at 45 days after
sowing according to the method of Moran (1982).
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2.3.2. Determination of total phenolic compounds content in the leaves of B. glabra
Total phenolic compounds in the leaves of B. glabra were determined according to Kaur and Kapoor
(2002).

2.3.3. Determination of total flavonoids content in the leaves of B. glabra
Total flavonoids content in the leaves of B. glabra were determined according to Chang et al. (2002).

2.3.4. Determination of terpenoids content in the leaves of B. glabra
Terpenoids content in the leaves of B. glabra were determined according to the method described by
Indumathi et al. (2024).

2.4. Statistical analysis
All data were statistically analyzed according to Snedecor and Cochran (1990) and the treatment
means were compared by using LSD at 5% probability.

3. Results
3.1. Weeds

3.1.1. Broad leaf weed Beta vulgaris

Table 1 shows that B. glabra leaf powder at concentrations (10-30g/kg soil) caused significant
reduction in the fresh and dry weight of Beta vulgaris at 45 and 90 days after sowing (DAS) as
compared to their corresponding mixed controls. The results also show that the inhibition of weed dry
weight increased with increasing the concentration reaching to maximum reduction with using 30g/kg
soil of B. glabra leaf powder as compared to mixed control. Using 30g/kg B. glabra leaf powder
controlled 88.59% of the weed as has been recorded at 90 DAS as compared to the mixed control. The
least significant difference was recorded between mixed control and the treatment of B. glabra leaf
powder at concentration 10g/kg soil.

3.1.2. Narrow leaf weed
Phalaris minor

Table 1 reveals significant inhibition in the fresh and dry weight of the narrow leaf weed Phalaris
minor as result of treatments with the leaf powder of B. glabra at concentrations (10-30g/kg soil) at 45
and 90 DAS in comparison to the mixed controls. Weed dry weight inhibition increased with the
increase in concentration used recording 76.73 % control at 90 DAS by using 30g/kg soil of the leaf
powder of B. glabra in comparison to the mixed control. The results showed the lowest inhibition in
P. minor caused by the treatment of B. glabra at 10g/kg soil.

3.2. Vicia faba
3.2.1. Vicia faba growth associated with B. vulgaris

Table 2 reveals significant increases in the growth characters as plant height, number of leaves /
plants, fresh biomass /plant over that of the mixed controls at 45 DAS with using the leaf powder of B.
glabra at concentrations 10 and 20 g/kg soil. The dry biomass of V. faba at 45 DAS and all growth
characters at 90 DAS recorded significant increases with all B. glabra leaf powder concentrations (10,
20 and 30 g/kg soil) as compared to the mixed controls. The results also showed highest significant
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increase by using concentration 20g/kg soil that represent the optimum concentration. The least
significant increase was recorded with using 30g/kg soil although causing maximum growth inhibition
in B. vulgaris growth. In unweeded control the competition of B. vulgaris with V. faba reduced dry
biomass to 25.9% of the free weed plant.

Table 1. Effect of different concentrations of Bougainvillea glabra leaf powder on the fresh and dry weight of
broad leaf weed Beta vulgaris or narrow leaf weed Phalaris minor associated V. faba at two ages 45 and 90
DAS (Average of the two seasons)

Beta vulgaris Phalaris minor
45 DAS 90 DAS 45 DAS 90 DAS
Treatments Fresh Dry Fresh Dry Fresh Dry Fresh Dry
weight/pot | weight/pot | weight/pot | weight/pot | weight/pot | weight/pot | weight/pot | weight/pot

Weed-free 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
control

Weed only 16.30 2.33 50.00 5.46 40.00 5.76 102.00 18.66
Mixed 10.16 1.33 19.26 2.28 22.20 3.20 62.93 11.30
control

BGLP at 5.30 0.65 8.73 1.47 12.13 1.87 51.96 8.45
10g/Kkg soil

BGLP at 3.26 0.32 5.03 0.80 8.16 1.30 30.66 5.58
20g/kg soil

BGLP at 2.10 0.21 2.66 0.26 5.26 0.78 16.23 2.63
30g/kg soil

LSD at 5% 0.37 0.08 0.73 0.12 0.56 0.11 1.38 0.32

BGLP= Bougainvillea glabra leaf powder

Table 2. Effect of different concentrations of Bougainvillea glabra leaf powder on the different growth
characters of Vicia faba plants associated with Beta vulgaris at two growth ages 45 and 90DAS (Average of the
two seasons)

B. vulgaris + V. faba

45 DAS 90 DAS
Treatments Plant Number Fresh Dry Plant Number Fresh Dry
height (cm) | of leaves | weight weight height | of leaves weight weight
/plants (9)/plant | (g)/plant (cm) /plants (g)/plant | (g)/plant
Weed-free control 64.00 13.00 18.76 2.57 82.00 23.33 30.33 5.40
Weed only 0.00 0.00 0.00 0.000 0.00 0.00 0.00 0.00
Mixed control 53.66 10.66 13.46 1.57 69.00 19.66 22.33 4.00
BGLP at 10/kg soil g 62.00 12.33 17.16 2.10 81.66 22.66 29.00 5.06
BGLP at 20g/kg soil 69.00 14.00 19.033 2.44 90.66 27.66 34.66 6.90
BGLP at 30g/kg soil 55.66 11.33 13.36 1.86 72.33 22.00 24.00 5.10
LSD at 5% 2.51 0.73 0.56 0.11 2.23 1.07 1.53 0.28

3.2.2. Vicia faba growth associated with Phalaris minor

Table 3 shows significant increases in plant height and number of leaves/plant with 10, 20 and
30g/kg soil of B. glabra leaf powder at 45 DAS as compared to the corresponding mixed controls. Both
fresh and dry biomass recorded similar results with using 10 and 20g/kg soil, while nonsignificant
increases with mixed control were found with concentration 30g/kg soil of B. glabra leaf powder. At
90 DAS the growth characters showed significant increases with all concentrations (10, 20 and 30g/kg
soil) used reaching maximum increase at concentration 20g/kg soil in comparison to their
corresponding mixed control. P. minor reduced the dry biomass at 90 DAS to 25.8% of the free weed
plant.
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Table 3. Effect of different concentrations of Bougainvillea glabra leaf powder on the different growth
characters of Vicia faba plants associated with Phalaris minor at two growth ages 45 and 90DAS (Average of
the two seasons)

P. minor + V. faba
45 DAS 90 DAS

Treatments Plant Number Fresh Dry Plant Number Fresh Dry

height (cm) | of leaves | weight weight height | of leaves weight weight

/plants (g)/plant | (g)/plant (cm) /plants (9)/plant (9)/plant

Weed-free control 62.66 13.66 20.50 2.53 83.66 24.66 29.33 5.03
Weed only 0.00 0.00 0.00 0.000 0.00 0.00 0.00 0.00
Mixed control 52.33 10.00 15.23 1.73 63.00 21.33 24.06 3.73
BGLP at 10g/kg 61.66 12.00 17.30 1.83 79.66 22.33 30.66 5.07
soil
BGLP at 20/kg 67.66 14.00 21.33 251 93.00 27.33 36.2 5.97
soil g
BGLP at 30g/kg 56.33 11.66 15.33 1.81 72.66 24.00 26.83 4.63
soil
LSD at 5% 2.43 0.76 1.56 0.10 1.85 1.19 1.29 0.17

Photosynthetic pigment contents

Table 4 shows significant increases in chlorophyll a, chlorophyll b, carotenoids and total
photosynthetic pigments in leaves of V. faba (45 DAS) associated with B. vulgaris with using B. glabra
leaf powder at all concentrations (10, 20 and 30g/kg soil) in comparison to their corresponding mixed
controls. Maximum significant increases were determined at concentration 20g/kg soil.

Table 4 also reveals similar trend in chlorophyll a, chlorophyll b, carotenoids and total
photosynthetic pigments in leaves of Vicia faba associated with Phalaris minor as compared to mixed
control.

Table 4. Effect of different concentrations of Bougainvillea glabra leaf powder on chlorophyll a, chlorophyll
b, carotenoids and total photosynthetic pigments in Vicia faba leaves associated with broad leaf weed Beta
vulgaris or narrow leaf weed Phalaris minor

B.vulgaris + V. faba P. minor + V. faba
Treatments Chl. a Chl.b Carotenoids Total Chl. a Chl. b | Carotenoids | Total
photosynthetic photosynthetic
pigments pigments
Weed-free control 2.55 0.65 0.42 3.62 2.28 0.71 0.41 3.40
Weed only 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mixed control 1.35 0.39 0.28 2.02 1.65 0.44 0.20 2.29
BGLP at 10g/kg soil | 1.86 0.49 0.31 2.66 1.96 0.46 0.37 2.79
BGLP at 20g/kg soil | 2.16 0.64 0.42 3.22 2.36 0.59 0.41 3.36
BGLP at 30g/kg soil | 1.67 0.47 0.34 2.48 1.82 0.48 0.35 2.65
LSD at 5% 0.05 0.03 0.02 0.09 0.05 0.02 0.02 0.05

3.2.3. Vicia faba yield associated with B. vulgaris

Table 5 reveal significant increases in number of pods/plant, number of seeds/pod, weight of
seeds/plant and weight of 100 seeds of V. faba over their mixed corresponding controls due to
treatments with B. glabra leaf powder at all concentrations (10, 20 and 30g/kg soil). These increases
were remarkable at concentration 20g/kg soil of B. glabra leaf powder. The weight of seeds/ plant
(yield/plant) reached to 80.5% over mixed control. The yield/plant reduced to 38.44% less than that of
the free weed plant due to competition with B. vulgaris.
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3.2.4. V. faba yield associated with P. minor

The data in Table 5 demonstrate that the number of pods/plant, number of seeds/pod of V. faba
increased significantly over their corresponding mixed controls with using 20g/kg B. glabra leaf
powder. These increases were nonsignificant on application of 10 and 20g/kg soil as compared to
unweeded control (mixed control). The increases in the weight of seeds/plant (yield/plant) and the
weight of 100 seeds were significant with using all concentrations of B. glabra leaf powder (10, 20 and
30g/kg soil). Maximum vyield/plant reached to 52.17% at 20g/kg soil over mixed control. In the
meantime, competition of P. minor with V. faba reduced the yield/plant to 39.1% under weed free V.
faba.

Table 5. Effect of different concentrations of Bougainvillea glabra leaf powder on the yield and yield
components of Vicia faba plants associated with Beta vulgaris and Phalaris minor (Average of the two seasons)

B. vulgaris + V. faba P. minor + V. faba
Treatments No. No. Wi. Wi. No. No. Wi. Wt. 100
pod/plant | seeds/pod | seeds/plant | 100 pod/plant | seeds/po | seeds/plant | seeds
seeds d
Weed-free control | 3.66 3.66 4.50 85.67 3.66 3.66 4.53 86.66
Weed only 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mixed control 1.80 2.66 2.77 63.66 1.76 2.33 2.76 63.00
BGLP at 10g/kg | 3.00 3.00 4.00 78.00 2.66 2.66 3.37 69.00
soil
BGLP at 20g/kg | 4.33 3.66 5.00 88.00 4.00 3.66 4.20 83.33
soil
BGLP at 30g/kg | 3.00 3.00 3.77 73.66 2.66 2.33 3.03 70.66
soil
LSD at 5% 0.32 0.32 0.24 1.70 0.37 0.35 0.21 1.36

Analysis of B. glabra leaf powder extract reveal (Table 6) that the extract contained phenolic
compounds and flavonoids (89.91mg/g dry weight and 74.58 mg /g dry weight). The leaf extract was
found to contain terpenoids (149.06mg/g dry weight).

Table (6). Total phenolic and total flavonoids, total terpenoids contents in Bougainvillea glabra leaf powder

B. glabra leaf powder | Total phenolic Total flavonoids Terpenoids
(mg/g dry weight) (mg/g dry weight) (mg/g dry weight)
89.91 74.58 149.06

4. Discussion

Different plant families can produce secondary metabolites which are sources of bioactive
materials (allelochemicals) called allelopathic plants. These allelopathic materials are released to the
surrounding environment (Weston et al., 2012) reduced or increased growth of other neighboring
plants depending on their concentrations (Li et al., 2021). These allelochemicals can be produced in
various plant organs, from leaves, stems, roots, fruits, seeds, so these are released through leaching,
volatization, root exudation and decomposition of plant remains (Dias et al., 2018) reducing effect on
the fresh and dry weight of the two weeds B. vulgaris and P. minor. The inhibition in weed growth was
increased with the increase in the B. glabra leaf powder concentration increase reaching maximum
reduction at 30g/kg soil as compared to the mixed unweeded control. In this connection, it was found
that leachate of red and white bracts of Bougainvillea spectabilis inhibited seed germination and
seedling growth of Cosmos bipinnatus and Ipomoea marginata (Pawar and Rawal, 2016). In addition,
It has been reported that the leaf and fruit aqueous extracts of Guapira graciliflora plant that related to
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the family nictaginaceae inhibited significantly germination as well as stem and radicle length of the
two weeds, Cenchrus echinatus and Calotropis procera (Rodrigues et al., 2020). Moreover, B. glabra
leaf powder inhibited purple nutsedge growth character of foliage and underground organs under
untreated controls (Messiha et al., 2023). Pawar and Rawal (2016) detected a variety of phytochemicals
in the bracts of B. spectabilis as phenolic compounds and attributed the inhibition in the tested weed
growth to these phytochemicals. Similar results were documented by (Anaya & Benavides, 1997 and
Rodrigues et al., 2020). In the current investigation the results of B. glabra leaf powder contained
phenolic and flavonoids that may be the reason of weed inhibition (Messiha et al., 2023). Several
documented results confirmed this suggestion (Einhellig, 2004; Zhang et al., 2009; Yebing et al., 2011;
Wang et al., 2013; Pardo-Muras et al., 2020; Hussain and Reigosa., 2021and Séepanovi¢ et al., 2022).
The leaf extract also contains terpenoids (Table 6), Terpenoids are secondary metabolites that have
many applications as plant protection from weeds, diseases and insects (Ninkuu et al., 2021). Table 6
shows that B. glabra leaf extract contain terpenoids, this result similar to that obtained by Abarca-
Vargas and Petricevich (2018) in B. glabra leaf extract. Beside flavonoids and phenolic compounds,
the reduction in B. vulgaris and P. minor (Table 1) may be related also to the presence of terpenoids in
the leaf extract of B. glabra (Table 6). Terpenoids showed phytotoxic activity against a variety of weeds
by inhibiting germination and limiting growth (Sharifi-Rad et al., 2015; Almarie, 2020 and
Semerdjieva et al., 2022). EI-Sawi et al. (2019) and EI-Rokiek et al. (2020) attributed the reduction in
some weed germination as well as the two weeds Malva parviflora and Anagalis arvensis inhibition
associated wheat plants to oxygenated monoterpene that is the main constituent of terpenoids. This
suggestion was confirmed by documented results obtained by El-Rokiek et al., 2021and Semerdjieva
etal., 2022).

It has been reported that several midicinal plants extracts inhibited the growth of weeds such as
Eucalyptus species, Plectranthus amboinicus (Lour.) and Ocimum basilicum that reduced growth of
common amaranth, purslane and bermudagrass, Avena fatua, Anagalis arvensis and Phalaris minor
(Azizi and Fuji, 2006; Daneshman and Azizi, 2009 and EI-Rokiek et al., 2018; Laita et al., 2024).

On the other side, improving the growth and increasing the yield of V. faba plant associated with
B. vulgaris or P. minor weeds achieved with different B. glabra concentration used (Tables 2,3 & 5)
recoding the highest significant increases with 20g/kg soil concentration as compared to the
corresponding mixed control. These results are in agreement with Messiha et al 2023 that illustrated
the allelopathic effect of B. glabra leaf powder in improving the growth and increasing the yield of
cowpea plant associated with the perennial weed Cyprus rotundus.

The increase in plant growth and its yield due to weed control by chemical or biological means
lead to increasing the competitive ability of the plant against weed (EI-Metwally and EI-Rokiek, 2019,
El-masry et al, 2019 and Messiha et al., 2021 & 2023). The increase in plant growth and yield not only
attributed to weed inhibition but also, to the selectivity effect of allelochemicals in their action to plant
response (Einhellig, 2004). It has been reported that allelochemicals which inhibit the growth of some
species at certain concentrations may stimulate the growth of other species at different concentrations
(ElI-Awadi et al., 2017).

Conclusion

The current work suggests using Bougainvillea glabra leaf powder as safety and selective bioherbicide
in controlling the two weeds B. vulgaris (broad-leaf weed) and P. minor (grass weed) associated V.
faba. Excess work must be focused on allelopathic potential of Bugainvillae species on plants and
controlling weeds.

El-Rokiek et al., J. Mater. Environ. Sci., 2024, 15(8), pp. 1138-1149 1145



References

Abarca-Vargas R. & Petricevich V. L. (2018). Bougainvillea Genus: A Review on Phytochemistry,
Pharmacology, and Toxicology. Evidence-Based Complementary and Alternative Medicine 2018,
Avrticle ID 9070927, 17 pages. https://doi.org/10.1155/2018/9070927

Aktar W., Sengupta, D. & Chowdhury, A. (2009) Impact of Pesticides Use in Agriculture: their
Benefits and Hazards. Interdisciplinary Toxicology, 2, 1-12. DOI: https://doi.org/10.2478/v10102-
009-0001-7

Akter S.A., Kanti J.P., Hassan R.M. & Rayhan A. (2022). Effect of medicinal plant extracts on seed
germination and early seedling growth of three cucurbits. Asian J. Plant Sci., 21, 401-415

Alfonso S. F., Paolo R, Sergio S., Benedetto F, Giuseppe M., Gaetano A.& Dario G. (2013). The
Critical Period of Weed Control in V. faba and Chickpea in Mediterranean Areas. Weed Science,
61(3), 452-459. https://www.jstor.org/stable/43700227

Almarie A.A.A. (2020). Roles of terpenoids in essential oils and its potential as natural weed killers:
recent developments. Essential Oils-Bioactive Compounds. New Perspectives and Applications,
189-210.

Anaya A. L. & Benavides P.H.R. (1997). Allelopathic potential of Mirabilis jalapa L. (Nyctaginaceae):
Effects on germination, growth and cell division of some plants. Allelopathy Journal, 4, 57-68.

Appiah K.S., Mardani, H.K., Osivand, A., Kpabitey, S. Amoatey, C.A., Oikawa, Y. & Fujii, Y. (2017).
Exploring Alternative Use of Medicinal Plants for Sustainable Weed Management. Sustainability,
9, 1468. https://doi.org/10.3390/su9081468

Azizi M., Fuji, Y. (2006). Allelopathic effect of some medicinal plant substances on seed germination
of Amaranthus  retroflexus and Portulaca  oleraceae. Acta  Hortic. (699), 61-68.
https://doi.org/10.17660/ActaHortic.2006.699.5

Balasaraswathi, R., Sadasivam S., Ward M. Walker J.M. (1998). An antiviral protein from
Bougainvillea spectabilis roots, Purification and characterization. Phytochemistry, 47(8), 1561-
1565. https://doi.org/10.1016/S0031-9422(97)00788-7

Chang C., Yang M., Wen H., Chern J. 2002. Estimation of total flavonoid content in propolis by two
complementary colorimetric methods. Journal of Food and Drug Analysis 10: 178-182. DOI:
https://doi.org/10.38212/2224-6614.2748

Daneshmandi, M. S., Azizi, M. A. J. I. D. (2009). Allelopathic effect of Eucalyptus globulus labill. on
bermuda grass (Cynodon dactylon (L.) pers.) germination and rhizome growth. Iranian J.
Medicinal Aromatic Plants Res., 25 (3), 333-346. doi:10.22092/ijmapr.2009.7148

Dias A. S., Dias, L. S., & Pereira, I. P. (2018). Defensive role of allelopathic secondary compounds in
plants: a review of data on two independent general hypotheses. Journal of Allelochemical
Interactions, 4(1), 9-22

Diass K., Brahmi F., Mokhtari O., Abdellaoui S., Hammouti B. (2021), Biological and pharmaceutical
properties of essential oils of Rosmarinus officinalis L. and Lavandula officinalis L., Materials
Today: Proceedings, 45(8), 7768-7773. https://doi.org/10.1016/j.matpr.2021.03.495

Duke S.0O., Dayan, F.E., Romagni, J.G. & Rimando, A.M. (2000) Natural Products as Sources of
Herbicides: Current Status and Future Trends. Weed Research, 40, 99-111.

Edwin E, Edwin S, Amalraj A, et al. (2006). Antihyperglycemic activity of Bougainvillea glabra
Choisy [J]. Planta Indica, 2 (3): 25-26

Edwin E, Sheeja E, Toppo E, et al. (2007). Anti-diarrhoeal, anti—ulcer and anti-microbial activities of
leaves of Bougainvillea glabra choicy [J]. Ars Pharm, 48 (2), 135-144

El-Rokiek et al., J. Mater. Environ. Sci., 2024, 15(8), pp. 1138-1149 1146


https://doi.org/10.2478/v10102-009-0001-7
https://doi.org/10.2478/v10102-009-0001-7
file:///E:/Final%20of%20result2/61(3),
https://doi.org/10.17660/ActaHortic.2006.699.5
https://doi.org/10.1016/S0031-9422(97)00788-7
https://doi.org/10.38212/2224-6614.2748
https://doi.org/10.1016/j.matpr.2021.03.495

Einhellig F.A. (2004). Mode of Allelochemical Action of Phenolic Compounds. In: Galindo J.C.G.,
Molinillo J.M.G., Cutler H.G., editors. Allelopathy: Chemistry and Mode of Action of
Allelochemicals. CRC Press LLC, Boca Raton, FL, USA, pp. 217-238.

El-Awadi M. E., Dawood M. G., Abdel-Baky Y. & EI-Rokiek K. G. (2017). Investigations of growth
promoting activity of some phenolic acids. Agric. Eng. Int: CIGR Journal. Special issue: 53-60.

El-Masry R.R., Ahmed S.A.A., EI-Rokiek K.G., Nadia K. Messiha & Mohamed S.A. (2019). Allelo-
pathic activity of the leaf powder of Ficus nitida on the growth and yield of faba bean and
associated  weeds.  Bulletin  of the National Research  Centre, 43, 67.
https://doi.org/10.1186/s42269-019-0114-x

El-Metwally .M. & EI-Rokiek K. G. 2019. Eucalyptus citriodora leaf extract as a source of
allelochemicals for weed control in pea fields compared with some chemical herbicides. Journal
of Plant Protection Research, 59 (3), 392-399. DOI: 10.24425/jppr.2019.129751

El-Rokiek K. G, Saad EI-Din S. A., EI-Wakeel M. A., Dawood M. G.& El-Awad M. E. (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, 07 (3), 1146-1153.

El-Rokiek K. G., Ibrahimm. M. E., Saad EI-Din S. A.& EI-Sawi S. A. (2020). Using Anise (Pimpinella
anisum L.) Essential Oils as Natural herbicide. Journal of Materials and Environmental Sciences,
11(10), 1689-1698.

El-Rokiek K. G, Ibrahim m. M. E., Saad EI-Din S.A. &EI-Sawi S. A. (2021). Bioactivity of Essential
Oil Isolated from Coriandrum sativum Plant Against the Weed Avena fatua Associated Wheat
Plants. Journal of Materials and Environmental Sciences, 12(7), 899-911.

El Sawi S. A., Ibrahim M. E., EI-Rokiek K. G., Saad EI-Din S.A. (2019). Allelopathic potential of
essential oils isolated from peels of three citrus species. Annals of Agricultural Science, 64:89-94.
https://doi.org/10.1016/j.a0as.2019.04.003

Erhati¢ R., Dijana H., Zoran Z., Maja R., Tanja J., Martina H., Matea H. & Sinisa S. (2023). Aqueous
Extracts of Four Medicinal Plants and Their Allelopathic Effects on Germination and Seedlings:
Their Morphometric Characteristics of Three Horticultural Plant Species. Applied. Sciences, 13(4),
2258, https://doi.org/10.3390/app13042258

Gilani S.A., Fujii Y., Shinwari Z.K., Adnan M., Kikuchi A. &Watanabe K.N. (2010) Phytotoxic
Studies of Medicinal Plant Species of Pakistan. Pakistan Journal of Botany, 42, 987-996.

Gomaa M.A., I. F. Rehab, Kh. A. Abou Zied & Mohammed H. M. O. (2022). Assessment of faba. bean
(Vica faba L.) Productivity under Different Weed Control Methods. Journal of the Advances in
Agricultural Researches (JAAR), 27 (2), 305-314. DOI: 10.21608/JALEXU.2022.129844.1056

Grewal P.S. (1989). Nematicidal effects of some plant-extracts to Aphelenchoides comosticola
(nematoda) infecting mushroom. Rev. Nématol, 12, 317-322.

Gupta V., George M, Joseph L, et al. (2009) Evaluation of antibacterial activity of Bougainvillea glabra
“snow white”” and Bougainvillea glabra “choicy” [J]. J. Chem Pharm Res, 1 (1), 233-237

Hegab A.S.A., Fayed M.T.B, Hamada M. M.A. & Abdrabbo M.A.A. (2014). Productivity & irrigation
requirements of faba-bean in North Delta of Egypt in relation to planting dates. Annals of
Agricultural Science, 59(2), 185-193. http://dx.doi.org/10.1016/j.a0as.2014.11.004

Hussain M.I., Reigosa M.J. Secondary metabolites, ferulic acid and p-hydroxybenzoic acid induced
toxic effects on photosynthetic process in Rumex Acetosa L. Biomolecules. 2021,11:233.
doi: 10.3390/biom11020233.

El-Rokiek et al., J. Mater. Environ. Sci., 2024, 15(8), pp. 1138-1149 1147


https://www.sciencedirect.com/science/article/pii/S0570178319300053
https://www.sciencedirect.com/science/article/pii/S0570178319300053
https://sciprofiles.com/profile/2762043?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/2762587?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/1018645?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/1100792?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/akNQcWlWejJCU2lSdnVHSzB5Mk9FUXZJcVR1ZnIyRENNOWtuT1p0U3FSYz0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/eThqSGJKcHRYYitvRkhxeDBZcjdvUT09?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/2207484?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/417112?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://doi.org/10.3390/app13042258

Indumathi C., Durgadevi G., Nithyavani. S. and Gayathri P.K. (2014). Estimation of terpenoid content
and its antimicrobial property in Enicostemma litorrale. Int. J. Chem.Tech. Res. 6 (9), 4264 — 4267.

Islam A.K.M.M. &Kato-Noguchi, H. (2014) Phytotoxic Activity of Ocimum tenuiflorum Extracts on
Germination and Seedling Growth of Different Plant Species. The Scientific World Journal, ,
Article ID: 676242. https://doi.org/10.1155/2014/676242

Kandil S.A. (2022). Production and marketing of faba bean crop in Egypt. Alexandria Science
Exchange Journal, 43 (1), 93-104. DOI: 10.21608/ASEJAIQJSAE.2022.217523

Kaur C. & Kapoor H.C. (2002). Anti-oxidant activity and total phenolic content of some Asian
vegetables. International Journal of Food Science and Technology 37, 153-161. DOI:
https://doi.org/10.1046/].1365-2621.2002.00552.x

Laita M., Sabbahi R., Elbouzidi A., et al. (2024) Effects of Sustained Deficit Irrigation on Vegetative
Growth and Yield of Plum Trees Under the Semi-Arid Conditions: Experiments and Review with
Bibliometric Analysis, ASEAN Journal of Science and Engineering, 4 (2), 167-190

LiJ., Chen Le, Chen Q., Miao Y., Peng Z., Huang B., Guo L. Lui D. & Du H. (2021). Allelopathic
effect of Artemisia argyi on the germination and growth of various weeds. Scientific Reports, 11:
4303. doi: 10.1038/s41598-021-83752-6

Messiha N. K., Ahmed S.A.A., Sanaa A. Mohamed, R.R. EI-Masry & Kowther G. EI-Rokiek. (2021).
The allelopathic activity of the seed powder of two Lupinus albus species on growth and yield of
faba bean plant and its associated Malva parviflora weed. Middle East Journal of Applied
Sciences, 11(4), 823-831. DOI: 10.36632/mejas/2021.11.4.62

Messiha N.K., EI-Rokiek K.G., Abd El Rahman S.M., EI-Masry R.R.,& Ahmed S.A. (2023). The Dual
Allelopathic Efficiency of Bougainvillea Glabra Leaf Powder on the Growth and Yield of Vigna
unguiculata L. Walp. Plant and the Associated perennial Weed Cyperus rotundus L. J. Mater.
Environ. Sci., 14 (2):161-172.

Moran R., (1982). Formulae for determination of chlorophyllous pigments extracted with N,N-
dimethylformamide. Plant Physiol., 69 (6), 1376-1381. https://doi.org/10.1104/pp.69.6.1376
Ninkuu, V., Zhang, L., Yan, J.,, Fu, Z.,, Yang, T. & Zeng, H. (2021). Biochemistry of terpenes and
recent advances in plant protection. International J. Molecular Sci., 22(11),

5710. https://doi.org/10.3390/ijms22115710

Pardo-Muras M., Puig C.G., Souto X.C., Pedrol N. (2020). Water-soluble phenolic acids and
flavonoids involved in the bioherbicidal potential of Ulex europaeus and Cytisus scoparius. S. Afr.
J. Bot. 133:201-211. doi: 10.1016/j.sajb.2020.07.023.

Pawar K. B.& Rawal A. V. (2016). Allelopathic Potential of Bract Leachates of Bougainvillea
spectabilis against Cosmos bipinnatus and Ipomoea marginata. Tunisian Journal of Plant
Protection, 11 (1), 1-24

Pun, K.B., Sabitha D. & Jeyarajan R. (1999). Screening of plant species for the presence of antiviral
principles against okra yellow vein mosaic virus. Indian Journal of Phytopathology, 52(3), 221-
223.

Purohit, Sh.&Pandya, N. (2013). Allelopathic activity of Ocimum sanctum L. and Tephrosia purpurea
(L.) Pers. Leaf extracts on few common legumes and weeds. International Journal of Research in
Plant Science. 3(1), 5-9.

Qasem J.R. (2002) Allelopathic Effects of Selected Medicinal Plants on Amaranthus retroflexus and
Chenopodium murale. Allelopathy Journal, 10, 105-122.

El-Rokiek et al., J. Mater. Environ. Sci., 2024, 15(8), pp. 1138-1149 1148


https://doi.org/10.1046/j.1365-2621.2002.00552.x
https://pubmed.ncbi.nlm.nih.gov/?term=Li%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Chen%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Chen%20Q%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Miao%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Peng%20Z%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Huang%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Guo%20L%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7900198/
https://doi.org/10.1038%2Fs41598-021-83752-6
https://doi.org/10.1104/pp.69.6.1376
https://doi.org/10.3390/ijms22115710

Rao S. J.., Chitra, K. C., Rao, P.K., & Reddy, K.S. (1992). Antifeedant and insecticidal properties of
certain plant extracts against brinjal spotted leaf beetle., Henosepilachna vigintioctopunctata
(Fab.) J. Insect Sci. 5, 163-164. cabidigitallibrary.org/doi/full/10.5555/19941101524

Rodrigues A. S., Bezerra J. W. A, Silva V. B., Costa A. R., Rodrigues F. C.& Linhares K. V. (2020).
Phytotoxic Activity of Guapira graciliflora (Nyctaginaceae) on Weeds. Journal of Agricultural
Studies, 8(1), 287-301.

Sardar A. F., Nauman Kh. Waqgas A., & Hafiz A.R. S. (2012). In vitro comparative study of
Bougainvillea spectabilis “stand” leaves and Bougainvillea variegata leaves in terms of
phytochemicals and antimicrobial activity. Chinese Journal of Natural Medicines 10 (6),
0441-0447

Séepanovi¢, M., Kos¢ak L., Sostar¢i¢ V., Pismarovié L. Milanovié-Litre A & Kljak K.( 2022).
Selected Phenolic Acids Inhibit the Initial Growth of Ambrosia artemisiifolia L. Biology
(Basel). 11(4), 482. doi: 10.3390/biology11040482

Schlein Y, Jacobson R. L. & Muller G. C. (2001). Sand fly feeding on noxious plants: a potential
method for the control of leishmaniasis. [J]. Am J Trop Med Hyg, 65, 300-303.

Semerdjieva, |., Atanasova, D., Maneva, V., Zheljazkov, V., Radoukova, T., Astatkie, T.& Dincheva,
I. (2022). Allelopathic effects of Juniper essential oils on seed germination and seedling growth of
some weed seeds. Industr. Crops and Prod., 180, 114768.
https://doi.org/10.1016/j.indcrop.2022.114768

Sharifi-Rad, J., Hoseini-Alfatemi, S. M., Sharifi-Rad, M., & Teixeira da Silva, J. A. (2015).
Antibacterial, antioxidant, antifungal and anti-inflammatory activities of crude extract from
Nitraria schoberi fruits. Biotech, 5(5), 677-684.

Singh M., Shankar H.& Singh K. (2019). The allelopathy effect of medicinal crop [Aloe vera (L.)
Burm. f.] The Journal of Rural and Agricultural Research, 19 (1), 6-9.

Umamaheswari, A., Shreevidya, R., & Nuni, A. (2008). In vitro antibacterial activity of Bougainvillea
spectabilis leaves extracts. Adv. Biol. Res., 2: 1-5.

Wang, C.M., Jhan, Y.L., Yen, L.S., Su, Y.H., Chang, C.C., Wu, Y.Y., Chang, C.I., Tsai, S.Y. &Chou,
C.H. (2013). The allelochemicals of litchi leaf and its potential as natural herbicide in weed control.
Allelopathy Journal 32, 157-173.

Weston, L. A., Ryan, P. R., & Watt, M. (2012). Mechanisms for cellular transport and release of
allelochemicals from plant roots into the rhizosphere. Journal of Experimental Botany, 63(9),
3445-3454. https://doi.org/10.1093/jxb/ers054

Yebing, C., Wang, J., Wu, X., Sun, J. & Yang, N. (2011). Allelopathic effects of Parthenium
hysterophorus L. volatiles its chemical components. Allelopathy Journal 27, 217-223.

Zhang, Q., Peng, S. & Zhang, Y. (2009). Allelopathic potential of reproductive organs of exotic weed
Lantana camara. Allelopathy Journal 23, 213-220.

(2024) ; http://www.jmaterenvironsci.com

El-Rokiek et al., J. Mater. Environ. Sci., 2024, 15(8), pp. 1138-1149 1149


https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0%C4%87epanovi%C4%87%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0%C4%87epanovi%C4%87%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0%C4%87epanovi%C4%87%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0%C4%87epanovi%C4%87%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0%C4%87epanovi%C4%87%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0%C4%87epanovi%C4%87%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0%C4%87epanovi%C4%87%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0%C4%87epanovi%C4%87%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0%C4%87epanovi%C4%87%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0%C4%87epanovi%C4%87%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0%C4%87epanovi%C4%87%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0%C4%87epanovi%C4%87%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ko%C5%A1%C4%87ak%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0o%C5%A1tar%C4%8Di%C4%87%20V%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Pismarovi%C4%87%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Milanovi%C4%87-Litre%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kljak%20K%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9031199/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9031199/
https://doi.org/10.3390%2Fbiology11040482
https://doi.org/10.1016/j.indcrop.2022.114768
http://www.jmaterenvironsci.com/

