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Abstract 
�e aim of this study was to investigate qualitative and quantitative chemical compounds 
of plant water extract (PWE), and the reduction potential of Corum herbicide (bentazone 
and imazamox) doses using PWE for weed control in faba bean �elds. Chemical analysis 
revealed the presence of diverse allelochemicals including polyphenols, �avonoids, and 
terpenoids. �e �eld experiment results showed clear di�erences between the measured 
traits in response to the applied treatments. �e application of Corum at 1.5 l • ha�1, at 
0.75 l • ha�1, and at 0.75 l • ha�1 + PWE signi�cantly reduced weed density and biomass, with 
a weed control e�ciency of 75.5�78.4, 57.4�53.3 and 68.2�56.9 % during the �rst-second 
cropping seasons, respectively. Meanwhile, Corum at 1.5 l • ha�1 and at 0.75 l • ha�1 + PWE 
treatments guaranteed approximately the same yield components and improved the faba 
bean yield (Q • ha�1) by 65 and 40% in 2018�2019 and by 91 and 85% in 2019�2020, respec-
tively. �erefore, the results suggest that PWE in combination with a lower herbicide dose 
(up to 50%) could be used as a potential weed management strategy in faba bean. Further 
research is required to understand the phytotoxic mechanisms of the studied extract-herbi-
cide mixtures and their modes of action.
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Introduction 

Until the end of the 1970s, Morocco was one of the 
largest exporters of legumes worldwide, especially faba 
beans. Unfortunately, this phase weakened over time, 
and Morocco became an importer in 1992 (Hajjaj et al. 
2016). Abiotic and biotic factors are major constraints 
limiting faba bean yield, adding to production unpre-
dictability in Morocco (Karkanis et al. 2018). With 
a decrease of more than 34% in crop yields worldwide, 
weed losses are higher than those caused by other 
bio-aggressive crops (Jabran et al. 2015). For instance, 

Moroccan faba bean varieties are sensitive to weed 
competition for space, water, light, and nutrients (Da-
wood 2018). �e harmful e�ects of weed species are 
mainly re�ected in quantity and quality losses in har-
vested yield and/or �eld re-infestation problems that 
supplement the soil seed bank (Kubiak et al. 2022).

Weed management is crucial to ensure pro�table 
faba bean production. In this regard, hand and mecha
nical weeding are the most commonly used methods 
in Morocco. However, they are becoming increasingly 
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expensive and di�cult to implement. Moreover, her-
bicide use appears to be an e�ective method for in-
creasing crop yields and improving food production 
(Gianessi 2013). However, with the exception of grass 
weed herbicides, only one post-emergence broadleaf 
herbicide, Corum (bentazone + imazamox), has been 
registered for weed management in faba bean �elds in 
Morocco (Tanji and Elbilali 2018). Furthermore, the 
harmful e�ects of herbicides on water sources, diver-
sity, pollinators and humans, environmental health, 
and the emergence of herbicide-resistant weeds have 
led to the increased use of chemicals and increasingly 
complicated weed control processes (Pannacci  et  al. 
2017; Sharma et al. 2019). Unfortunately, more than 
516 herbicide-resistant weed species (including 
107 monocots and 148 dicots) have been reported from 
94 crops in 71 countries worldwide (Heap 2021). 

Overall, it is important to carefully consider the po-
tential e�ects of herbicide misuse and use them wisely 
by implementing weed management practices to mini-
mize the frequency and amount used. Herbicide rate 
reduction refers to the practice of using lower herbi-
cide rates in crop production, which can reduce costs 
and protect the environment from the adverse e�ects 
of excessive herbicide use. However, the relationship 
between the reduction in the recommended herbicide 
rate and evolution of resistant ecotypes is a matter of 
debate. Beckie and Kirkland (2003) reported that re-
ducing herbicide e�cacy might contribute to a de-
crease in the proportion of weed individuals resistant 
to acetyl-CoA carboxylase (ACCase) inhibiting herbi-
cides. However, other studies have recommended us-
ing the recommended rate to minimize the risk of the 
rapid evolution of polygenic resistance induced at low 
rates following the progressive accumulation of multi-
ple resistant genes (Busi et al. 2012). �us, industries 
and growers are concerned about weed problems that 
may increase as a result of the increased seed bank a�er 
herbicide rates are reduced (Blackshaw et al. 2006).

To e�ectively manage herbicide-resistant weeds, in-
tegrated pest management strategies that combine mul-
tiple control methods are recommended. Furthermore, 
the search for eco-friendly methods is fundamental to 
reducing the e�ects of herbicides. One possible strategy 
is the use of allelopathic crop extracts as a single strat-
egy or combined with a lower herbicide dose to ensure 
appropriate weed management and contribute to re-
ducing the problem of weed-resistant ecotypes (Reddy 
2017). �e combination of allelopathic crop water ex-
tracts and low herbicide rates can act synergistically to 
provide an eco-friendly and economically viable weed 
control option (Cheema et al. 2005; Jabran et al. 2008; 
Jabran et al. 2010). Bio-herbicidal properties are main-
ly due to natural chemical compounds, namely allelo-
chemicals present in plant extracts that exert negative 

allelopathic e�ects. Weed inhibition can be attributed 
to the inhibitory e�ects of allelochemical compounds 
or a mixture of molecules belonging to the polyphe-
nol family (Tubeileh and Souikane 2020; Susilo et al. 
2021). Among the di�erent classes of polyphenols, 
tannins, phenolic acids, �avonoids, and terpenoids 
(monoterpenes, phenylpropenes, and sesquiterpenes) 
are the most important and have o�en been exploited 
as natural herbicides that inhibit weed germination 
and growth (Verma et al. 2021). 

In this regard, many crop species, such as oat (Avena 
sativa L.), rapeseed (Brassica napus L.), and sorghum 
(Sorghum bicolor L.), present bio-herbicidal properties 
(Chaïb et al. 2021; Godlewska et al. 2021). Farooq et al. 
(2011) reported that a combination of allelopathic 
plant extracts was more e�ective than the application 
of a single plant extract. Some studies have demon-
strated the e�ciency of combining plant extracts with 
a reduced herbicide rate against weed species in �eld 
experiments (Alsaadawi et al. 2020). 

�erefore, the response of faba bean to allelopathic 
plant extracts might be speci�c to each agroecosystem. 
Little information is available regarding weed manage-
ment in faba bean �elds in Morocco. To the best of our 
knowledge, there has been no scienti�c study concern-
ing the response of faba bean and weeds to allelopathic 
crop extracts combined with chemical herbicides. �e 
present study aimed to: 1. Undertake a biochemical 
analysis (qualitative and quantitative) of oat-rapeseed-
sorghum extract (PWE) to determine the main allelo-
chemical groups and contribute to understanding their 
herbicidal properties and potential applications, and 2. 
Investigate the possibility of reducing Corum herbi-
cide doses up to 50% in combination with this plant 
extract for weed management in faba bean �elds.

Materials and Methods

Phytochemical screening 

Qualitative phytochemical screening of PWE was car-
ried out using di�erent tests based on reagents and in-
ducers by color change or precipitation. �e presence 
of condensed tannins was determined using hydro-
chloric acid (Broadhurst and Jones 1978). Hydrolyz-
able tannins (catechic and gallic) are produced using 
FeCl3 (Karumi 2004). Glycosides are produced us-
ing sulfuric acid and acetic acid (Ahmed et al. 2019). 
Flavonoids were prepared using an alkaline reagent 
(2% NaOH) (Roghini and Vijayalakshmi 2018). �e 
alkaloids were prepared using hydrochloric acid and 
Dragendro� �s reagent (VØronique et al. 2021). �e 
determination of terpenoids was carried out using 
the Salkowski test (Adusei et al. 2019). �e search for 
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unsaturated sterols was performed by adding sulfuric 
acid (Alam and El-Nuby 2019). Coumarin compounds 
were detected using NaOH and UV (Herawati et al. 
2021). �e presence of saponins is indicated by the 
presence of persistent foam (Adusei et al. 2019). Or-
ganic acids were detected by the addition of a few drops 
of bromothymol blue (Alam and El-Nuby 2019). �e 
Libermann-Buchard test was performed for steroids 
(VØronique et al. 2021).  

Total polyphenols and �avonoids  

�e total phenolic compound content in the PWE was 
determined according to the Folin-Ciocalteu method 
described by Singleton et al. (1999). However, the to-
tal �avonoid content of the extract was determined by 
spectrophotometry according to the method of Lamai-
son and Carnat descript by Hmid (2013). 

Gas chromatography-mass spectrometry 
(GC�MS) 

Quantitative analysis of PWE was carried out using 
gas chromatography-mass spectrometry (GC-MS) 
(Rahamouz-Haghighi et al. 2022). �e oven tem-
perature was initially set at 50°C, and a�er 5 min, it 
was increased to 290°C for 10 min. �e tempera-
tures of the injector and detector were maintained at 
200°C. �e mass range was between 40 and 650 AMU, 
and thus, the ionization energy was approximately 
70 eV. �e reception and analysis of spectral data were 
performed using Shimadzu GC-MS solution ver. 4 
so�ware (Tokyo, Japan). �e chemical compounds 
were determined based on a comparison of mass 
spectra with data from NIST 11th edition (National 
Institute of Standards and Technology, Mass Spectral 
Library).

Preparation of plant water extract 

�ree crop species (oat, rapeseed, and sorghum) were 
selected for this study to prepare allelopathic water ex-
tracts. �e choice of this species was based on its avail-
ability and established allelopathic potential against 
other plant species (Rigon et al. 2012). Water extracts 
were prepared from the leaves and shoots using the 
method described by Khaliq et al. (2013). �e airborne 
parts of oat, rapeseed, and sorghum were harvested 
at the maturity stage. A�er drying, each plant mate-
rial (at a ratio of 1/3 each dried plant) was crushed to 
2�3 cm, soaked in water (1 : 10 and 1 : 5 ratios, 
weight : volume) for 24 h at room temperature 
(25 – 5°C), and �ltered through a �lter sieve. �e ex-
tracts were boiled at 100°C to concentrate them for 
ease of manipulation (Khaliq et al. 2013).  

Fourier transform infrared spectroscopy 
(FTIR)

Fourier transform infrared spectroscopy (FTIR) was 
performed to identify the presence of functional 
chemical groups and to evaluate the composition of 
the combined aqueous extracts of sorghum, rape-
seed, and oats by measuring the absorption of in-
frared (IR) radiation by each bond in the molecule. 
FTIR spectroscopy [JASCO FTIR-ATR-4200, JASCO 
Corporation, Tokyo, Japan)] was performed in the 
Central Laboratory of the National School of Agri-
culture in Meknes, Morocco. �erefore, the spectra of 
the study samples with speci�ed infrared absorption 
as a function of wave number (cm�1) were recorded 
between 400 and 4000 cm�1 and then processed us-
ing PerkinElmer Spectrum Quant so�ware to create 
graphs from the plotted averages and analyzed using 
OriginPro® so�ware (Hayat et al. 2020).

Greenhouse assay 

Plastic pots (20 cm diameter and 18 cm depth) were 
�lled with sandy loam soil and 5% compost. �e soil 
was disinfected using an autoclave to inhibit the ger-
mination of other weed seeds and eliminate patho-
gens. �ree seeds of faba bean or �eld mustard of the 
same size were sown carefully in each pot. �e aqueous 
extract at two concentrations (1 : 10 and 1 : 5 ratios; 
weight : volume) was sprayed at 0, 16 and 23 days a�er 
seeding (DAS). Pots in the control plots were sprayed 
with tap water. �e plants were harvested at 31DAS, and 
the germination, height, and fresh and dry biomass of 
the roots and shoots were determined. �e pots were 
arranged in a completely randomized design with four 
replicates. �e temperature of the experimental cham-
ber was maintained at 22 – 5°C with a photoperiod of 
11/13 h (day/night: 11/13 h).    

Field experiment and design 

To study the e�ciency of PWE mixed with a lower 
Corum dose, 2 years of �eld experiments (2018�2019 
and 2019�2020) were conducted in a randomized 
complete block design (RCBD) with four replications 
under semi-arid conditions of Meknes-Morocco, lo-
cated in Sa�s plateau at about 500 meters above sea 
level. Precipitation and temperature data during the 
faba bean growing season are shown in Figure 1. �e 
soil texture was clayey with a low percentage of organ-
ic matter (1.36 and 1.26% in the �rst and second sea-
son, respectively), an average rate of mineral nitrogen 
(25.5 and 21.5 mg • kg�1), a high rate of phosphorus 
(78 and 76 mg • kg�1) and exchangeable potassium 
(528 and 556 mg • kg�1). �e experimental site was 
plowed, and the seedbed was prepared using GIL seed 
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each treatment compared to all weed species. Table 5 
shows the mean relative importance value (RIV) of 
the �rst seven main weed species (Polygonum avicu-
lar, Glebionis coronaria, Vaccaria hispanica, Sinapis 
arvensis, Papaver rhoeas, Chenopodium album, and 
Galium aparine), the total RIV of these species was 
between 56 to 90%. During the �rst cropping sea-
son (2018�2019), Polygonum avicular had the high-
est values, whereas in the second season (2019�2020) 
the weed species of Glebionis coronaria had the larg-
est RIV. �e other species presented di�erent values 
depending on the applied treatment and the growing 
season. Indeed, during 2018�2019, the weedy check 
plots showed the highest diversity of weed species 
(21�23 species) with a decreasing order of RIV ranging 
from C. album, G. coronaria, to V. hispanica, among 
others. While the application of 50% Corum produced 
the following RIV order: V. hispanica, G. coronaria, and 
P. rhoeas, the same results were obtained for the treat-
ment of 50% Corum combined with PWE, except that 
the fourth place was occupied by P. rhoeas. Concerning 
the application of Corum at 1.5 l • ha�1, the order of RIV 
was; V. hispanica, S. arvensis and G. coronaria. In ad-
dition to the four main species, none of the weeds had 
an RIV of more than 8%. During 2019�2020, the most 
diversi�ed plot was the weedy check with 25 to 30 spe-
cies. �e order of RIV in the control and Corum plots 
at 0.75 l • ha�1 + PWE was: G. coronaria, G. aparine, 
V. hispanisa, then P. avicular, etc. However, for the 
treatment of Corum at 0.75 and 1.5 l • ha�1 the order of 
RIV was: G. coronaria, G. aparine, P. avicular, etc. 

   Weed control and faba bean biomass 

�e results in Table 6 indicate a signi�cant e�ect 
(p < 0.05) of the applied treatments on weed density 
during the two cropping seasons. �e highest weed 
density was recorded in the weedy check with an 

average of 600.75 and 224.25 plant • m�2 during the �rst 
and second cropping seasons, respectively. �e treat-
ments signi�cantly reduced the total weed density, 
especially the application of Corum at 1.5 l • ha�1 and 
Corum at 0.75 l • ha�1 + PWE with an average 2-year 
reduction of 68.91 and 54.61%, respectively (Table 6 
and Fig. 4). Despite this decrease in weed density, sev-
eral weed species remained attached to faba bean crops 
until harvest. Furthermore, pre-emergence treatments 
and early-stage interventions are highly important to 
ensure better weed management in faba bean.

Moreover, all applied treatments reduced weed 
biomass compared to the control (Table 7). However, 
the untreated plots (control) had the highest values of 
weed biomass (534 and 127 g • m�2 in 2018�2019 and 
2019�2020, respectively). �e weed control e�ciency 
was more important than the Corum at 1.5 l • ha�1 with 
reduction percentages of 75.5 and 78.4%, followed by 
the treatment with aqueous plant extract combined 
with Corum (0.75 l • ha�1), which reduced the weed 
biomass by an average of 68.2 and 56.9% in the �rst 
and second cropping seasons, respectively. Weed con-
trol e�ciency was reduced during the second survey 
(maturity stage), which can be explained by leaching 
of the active material by rain and/or its degradation by 
other environmental factors. No signi�cant di�erence 
was reported in faba bean biomass between the di�er-
ent treatments during the 2019�2020 cropping season. 
In 2018�2019 the faba bean biomass was improved by 
23, 40, and 47% through the application of Corum at 
0.75 l • ha�1, Corum at 0.75 l • ha�1 + PWE and Corum 
at 1.5 l • ha�1, respectively (Table 8). 

In this regard, some studies indicate that allelopath-
ic extracts combined with a lower herbicide dose pro-
vided the same weed control e�ciency as the recom-
mended herbicide dose. Farooq et al. (2011) reported 
that the application of sorghum extract combined with 
a reduced dose of isoproturon (400 g • ha�1) had the 

Table 5. Relative importance value (%) of the main weed species found in �eld experiments of faba bean during 2018�2019 and 
2019�2020 seasons in Meknes region, Morocco

Polygonum 
avicular

Glebionis 
coronaria

Vaccaria 
hispanica

Sinapis 
arvensis

Papaver 
rhoeas

Chenopodium 
album

Galium 
aparine

Total  
[%] 

2018�2019

Weedy check 36.75 9.41 7.50 5.93 5.72 9.49 2.50 77.30

Corum at 0.75 l • ha�1 40.32 9.30 11.20 7.45 8.58 7.63 2.84 87.31

Corum at 0.75 l • ha�1 + PWE 41.44 8.27 10.11 6.90 6.27 6.76 4.29 84.02

Corum at 1.5 l • ha�1 49.02 6.51 10.74 8.31 8.78 5.74 1.21 90.30

2019�2020

Weedy check 7.50 27.05 8.23 3.57 5.89 1.22 13.30 66.75

Corum at 0.75 l • ha�1 10.43 34.42 8.34 0.54 4.17 2.09 10.77 70.76

Corum at 0.75 l • ha�1 + PWE 7.06 31.27 9.62 2.19 5.98 0.81 14.36 71.28

Corum at 1.5 l • ha�1 9.51 32.29 2.22 0.65 0.65 2.64 8.17 56.11

The table represents the mean values of relative importance value












