
487

Miranda-Arámbula et al. / Botanical Sciences 99(3): 487-498. 2021

Phytotoxic activity of aqueous extracts of ruderal Plants and its Potential

aPPlication to tomato croP

actividad fitotóxica de extractos acuosos de Plantas ruderales y su Potencial 
aPlicación en el cultivo del jitomate

    mariana miranda-arámbula1,2,3,    ricardo reyes-chilPa2* and    ana l. anaya l.3

1 Instituto Politécnico Nacional, Centro de Investigación en Biotecnología Aplicada (CIBA, IPN), Tlaxcala, México. 
2 Universidad Nacional Autónoma de México, Instituto de Química, Ciudad de México. México
3 Universidad Nacional Autónoma de México, Instituto de Ecología, Ciudad de México. México.
*Author for correspondence: chilpa@unam.mx 

Botanical Sciences 99(3): 487-498. 2021
DOI: 10.17129/botsci.2727

Received: August 28, 2020, Accepted: January 21, 2021
On line first: May 18, 2021

Ecology / Ecología

This is an open access article distributed under the terms of the Creative Commons Attribution License CCBY-NC (4.0) international.
https://creativecommons.org/licenses/by-nc/4.0/

Abstract 
Background: The application of synthetic pesticides to the tomato crop (Solanum lycopersicum -Solanaceae-) increases fruit production, but 
also carries risks for the environment, human and animal health. 
Hypothesis: local ruderal plant extracts could be an alternative for weed control, with potential applications in agroecology and organic agri-
culture. 
Methods: Organic and aqueous extracts (1 and 10 % w/v) were prepared with the fresh (FAE) and dry (DAE) aerial parts of five ruderal species 
from Tlaxcala, Mexico: Argemone mexicana L. (Papaveraceae), Baccharis salicifolia Pers. (Asteraceae), Lepidium virginicum L. (Brassica-
ceae), Leucena leucocephala S. Zárate (Fabaceae) and Reseda luteola L. (Resedaceae). Their phytotoxic activity was evaluated in vitro with the 
seeds of three model plants (amaranth, lettuce, and tomato). 
Results: DAE of B. salicifolia and L. virginicum (1 % w/v) showed the highest potential as natural herbicides. These inhibited 100 % seed 
germination and radicle elongation in the three model plants but did not affect the growth of tomato seedlings of 8 and 12 weeks in greenhouse 
conditions. Both extracts analyzed by HPLC-ESI-QTOF-MS showed two major peaks. Baccharis salicifolia with m/z 432.9 and 725.4. Lepidium 
virginicum with m/z 532.9 and 527.1.
Conclusions: DAE of local ruderal plants B. salicifolia and L. virginicum (1 % w/v) are potential natural herbicides, without harmful effects on 
tomato cultivated seedlings, awaiting the precise identification of their active compounds.
Keywords: Allelopathy, Baccharis salicifolia, bioherbicide, Lepidium virginicum, plants extracts, weed control.

Resumen: 
Antecedentes: La aplicación de plaguicidas sintéticos al cultivo de tomate (Solanum lycopersicum -Solanaceae-) aumenta la producción de 
frutos, pero también conlleva riesgos para el ambiente, la salud humana y animal. 
Hipótesis: los extractos de plantas ruderales locales podrían ser una alternativa para el control de malezas, con aplicaciones potenciales en 
agroecología y agricultura orgánica. 
Métodos: Se prepararon extractos orgánicos y acuosos (1 y 10 % p/v) con las partes aéreas frescas (FAE) y secas (DAE) de cinco especies 
ruderales de Tlaxcala, México: Argemone mexicana L. (Papaveraceae), Baccharis salicifolia Pers. (Asteraceae), Lepidium virginicum L. (Bras-
sicaceae), Leucena leucocephala S. Zárate (Fabaceae) and Reseda luteola L. (Resedaceae). Su actividad fitotóxica se evaluó in vitro con las 
semillas de tres plantas modelo (amaranto, lechuga y tomate). 
Resultados: Los DAE de B. salicifolia y L. virginicum (1 % p/v) mostraron el mayor potencial como herbicidas naturales, pues inhibieron 100 
% la germinación de las semillas y la elongación de la radícula en las tres plantas modelo, pero no afectaron el crecimiento de las plántulas de 
tomate de 8 y 12 semanas en condiciones de invernadero. Ambos extractos analizados mediante HPLC-ESI-QTOF-MS presentaron dos picos 
mayoritarios. Baccharis salicifolia con m/z 432.9 y 725.4. Lepidium virginicum con m/z 532.9 y 527.1. 
Conclusiones: Los DAE de las plantas ruderales locales B. salicifolia y L. virginicum (1 % p/v) son potenciales herbicidas naturales, sin efectos 
dañinos en plántulas cultivadas de tomate, quedando pendiente la identificación precisa de sus compuestos activos.
Palabras clave: Alelopatía, Baccharis salicifolia, bioherbicidas, control de malezas, extractos vegetales, Lepidium virginicum.
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In the last two decades, tomato (Solanum lycopersicum L.) 
became the seventh crop in global production (Bergoug-
noux 2014). This crop is affected by more than 200 pests 
and diseases such as bacteria, fungi, viruses (Bergoug-
noux 2014), and weeds, which can reduce yields from 20 
to 70 % (Bakht & Khan 2014, Adisa et al. 2018). The main 
weeds for this crop are Amaranthaceae species (Palacios 
et al. 2010, De Coninck et al. 2015). Farmers use conven-
tional agrochemicals massively against pests and diseases; 
however, this agricultural practice has shown negative ef-
fects on the environment, like pesticide residues, develop-
ment of resistant pathogen populations, and has potential 
risks on animal and human health (Abdel-Monaim et al. 
2011, Scavo et al. 2020). Although synthetic pesticides 
are effective, they are not considered as GRAS (Generally 
Recognized as Safe) by the FDA (Food and Drug Admin-
istration, US) (de Rodríguez et al. 2011, Da Cruz Cabral et 
al. 2013); therefore, are not accepted by consumers look-
ing for safe agricultural products and organic crops. For 
this reason, it is necessary to find effective alternatives 
against pests and safe for health (Talibi et al. 2012, Moshi 
& Matoju 2017). According to Korres et al. 2019, allelop-
athy is the direct or indirect effects of chemicals produced 
by plants or microorganisms on the growth, development, 
and distribution of other plants and microorganisms in 
natural and agricultural ecosystems. Currently, there is 
an increasing interest in plant extracts and secondary me-
tabolites (allelochemicals) with bactericide, insecticide, 
herbicide, and fungicide activity. Several plant extracts, 
such as those from Mexican marigold (Tagetes minuta 
L.), Hairy beggarticks (Bidens pilosa L.), Black mustard 
(Brassica nigra L.), and others, can be an alternative for 
the management and control of some dominant weed spe-
cies like Avena fatua L., Cyperus difformis L. (monocoti-
ledons), and Echinochloa crus-galli L, Amaranthus spp. 
(dicotiledons) for wheat, cotton and rice crops (Farooq et 
al. 2011, Scavo et al. 2020). Plant extracts show several 
ecological advantages, such as being specific for target 
organisms, being biodegradable and have reduced risks 
to environment and human health (Farooq et al. 2011). 
These compounds have demonstrated phytotoxic activ-
ity (Vyvyan 2002), specially species of the Asteraceae 
(Rosas-Burgos et al. 2009, Farooq et al. 2011, Rongai et 
al. 2012, Talibi et al. 2012), Brassicaceae (Farooq et al. 
2011) and Fabaceae (Talibi et al. 2012). Phytotoxic activ-
ity can be an alternative way to develop technology that 
will lead to a sustainable agriculture (Anaya et al. 1987). 
In the State of Tlaxcala, México, tomato crop production 
(4,066 ton/year) is an important economic activity with 

an annual increase of 4.8 % (SAGARPA 2017). In our re-
search group, we study the potential phytotoxic activity 
of some local ruderal plants as an ecological alternative 
for the control of pests and diseases. Ruderal species are 
defined as those that grow along trail corridors or rural 
roads (Potito & Beatty 2005). We selected abundant ru-
deral species that grow nearby the tomato farmlands in the 
State of Tlaxcala, Mexico. Small-scale farmers use them 
to surround their fields and water channels in their tradi-
tional agroecosystems (Anaya et al. 1987). In this work, 
we report the phytotoxic activity of the aqueous extracts 
of the ruderal species Argemone mexicana (Papaverace-
ae), Baccharis salicifolia (Asteraceae), Lepidium virgini-
cum (Brassicaceae), Leucaena leucocephala (Fabaceae), 
and Reseda luteola (Resedaceae) on three model weed 
species: A. hypocondriaccus L. (amaranth), L. sativa L. 
(lettuce) and S. lycopersicum L. (tomato).

Materials and methods

Collection of plant material. The aerial parts of five ruderal 
plants Argemone mexicana, Baccharis salicifolia, Lepidi-
um virginicum, Leucaena leucocephala, and Reseda luteo-
la (Table 1) were collected in February 2011 near Tepetitla 
de Lardizabal, Tlaxcala, México (19º 16’ 42” N; 98º 22’ 
10” W; altitude 2,221-2,260 m asl). A voucher specimen of 
each species was deposited in the Casa Libertad Herbari-
um (Universidad Autónoma de la Ciudad de México) with 
numbers 1463, 1464, 1461, 14656 and 1462, respectively. 

Preparation of plant extracts. a) Aqueous extracts from 
fresh and dried plants. The aqueous extracts from fresh 
plants (FAE, 10 % w/v) were prepared as follows. The 
aerial parts collected from each species were washed 
with running tap water, then with sterile water, and cut 
into small pieces. Ten grams of fresh aerial parts were 
extracted by maceration with 100 mL of distilled water 
for 3 h. The macerated was filtered through medical gauze 
sheets, and then through a Wathman (No. 4) filter paper and 
Millipore membrane (0.45 µm) (Anaya et al. 2003). The 
aqueous extracts from dried plants (DAE, 1 % w/v) were 
prepared with the aerial parts of each species, and were 
dried for 10 days at room temperature, then in an oven at 
40 ºC for 48 h, and grounded to fine powder in a porcelain 
mortar, then procedure for extraction is the same as above. 
b) Organic extracts from dried plants. The organic extracts 
(1 % w/v) were prepared as follows, powder material (50 
g) was defatted with 2 L of n-hexane for 72 h with constant 
stirring at room temperature. The extracted biomass was 
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decanted and placed in an oven (darkness, 30 ºC, 48 h) to 
remove the residual solvent. The dried biomass of each 
plant species was extracted with dicholoromethane-meth-
anol 1:1 (DCM-MeOH) and next with methanol (MeOH). 
The extraction conditions were the same as that previously 
described for n-hexane. The extracts were filtered through 
Wathman paper (No. 4) and concentrated with a rotary 
vacuum evaporator (Büchi, Laboratoriums Technik, Sch-
weiz). The yields of each extract were determined, and 
kept in the dark at room temperature until tested for bio-
logical assays.

In vitro herbicide activity. The effect of plant extracts on 
the seed germination and the root growth were assessed as 
previously published (Anaya et al. 1990) using the model 
weed plants Amaranthus hypochondriacus L. (Amaran-
thaceae), Lactuca sativa L. (Asteraceae), and Solanum 
lycopersicum L. (Solanaceae). The FAE (10 % w/v), DAE 
(1 % w/v), DCM-MeOH, or MeOH extracts (1 % w/v) 
were mixed with agar (20 %) and poured into sterilized 
Petri dishes (12 mL per plate) allowing solidification. 
Agar with distilled water, DCM-MeOH 1:1, and MeOH 
were used as controls. The seeds of the three model weeds 
were purchased from a local market in Coyoacán, México 
City, Mexico. Bioassays were performed in 6 cm Petri 
dishes. Ten seeds of each model weed were sown directly 
on the agar of each Petri dish following a completely ran-
dom design with four replicates. Treatments were kept in 
darkness at 27 ºC +1, relative humidity of 70-75 %. Seed 
germination and the length from the tip of the root to the 
beginning of the hypocotyl (stem) were measured 24 h af-
ter treatment for A. hypochondriacus, 48 h for L. sativa, 
and 72 h for S. lycopersicum (Anaya et al. 2003).

Toxicity to tomato seedlings. The extracts that showed 
the best allelopathic activity DAE from B. salicifolia and 
L. virginicum were tested to determine its phytotoxicity 

towards tomato seedlings (8 and 12 weeks old). Tomato 
seedlings were grown from seeds and maintained under 
greenhouse conditions (temperature 27 to 32 ºC, relative 
humidity 65 %, and photoperiod of 14:10 h light/dark). 
The seedlings were cultivated in plastic pots (30 cm di-
ameter) on sterilized inert substrate (peetmoss, agrolite, 
and perlite, 3:1:1), and watered with hydroponic solution. 
Plantlets of 8 or 12 weeks old were treated with DAE 
aqueous extracts (1 and 2 % w/v) in doses of 50 mL every 
72 h for four months until flowering. The greenhouse con-
ditions were the same as those already described. The phy-
totoxic effect was measured on basis of dry biomass yields 
and compared with the control with a completely random-
ized design. The experiments were performed twice. 

Statistical analysis. Data analysis was carried out by sta-
tistical analysis of variance (ANOVA) using completely 
random design. Comparison of means was performed by 
the Tukey’s honestly significant difference (HSD) test 
with a 0.05 probability level, using STATISTICA soft-
ware, version 8.

HPLC-MS Analysis. Samples of the aqueous extracts from 
dried plants (DAE) of Baccharis salicifolia, and Lepid-
ium virginicum were lyophilized, and further analyzed 
with an HPLC-ESI-QTOF-MS (Model G6530BA, Agi-
lent Tech. Santa Clara, California. USA) using a column 
Eclipse XDB-C18 (Agilent, 150 mm × 4.6 mm × 5 μm), 
mobile phase, A: CH3CN/MeOH (50:50) and B: H2O with 
CH3COOH 0.1 % in a gradient (0-10 min 25 % A, 75 % 
B; 10-15 min 100 % B, 0.300 mL/min 600.00 bar; 16.5-20 
min 100 % B, 1 mL/ min 600.00 bar).

Results

The aqueous extracts of fresh (FAE, 10 % w/ v) and dried 
(DAE, 1 % w/ v) aerial parts, and the organic extracts (1 % 

Species Family Organ

Argemone Mexicana L. Papaveraceae Leaves and stems

Baccharis salicifolia Pers. Asteraceae Leaves, stems, and flowers

Lepidium virginicum L. Brassicaceae Leaves, stems, and seeds

Leucaena leucocephala L. Fabaceae Leaves

Reseda luteola L. Resedaceae Leaves, and flowers

Table 1. Ruderal species and structures selected for preparing the extracts.

All species were collected in February 2011.
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w/ v) of the ruderal plants Argemone mexicana, Baccharis 
salicifolia, Lepidium virginicum, Leucaena leucocephala, 
and Reseda luteola were tested for inhibition of seed ger-
mination and radicle elongation of A. hypochondriacus 
(amaranth), L. sativa (lettuce), and S. lycopersicum (to-
mato var. saladet).

Seed germination inhibition. The DAE of B. salicifolia and 
L. virginicum tested at 1 % w/ v completely inhibited the 
seed germination of all the tested model plants (amaranth, 
lettuce, and tomato) (Figures 1, 2). The DAE of Argemone 
mexicana at the same concentration also annulated seed 
germination of lettuce and tomato. On the other hand, the 

Figure 1. Assay of germination inhibition on amaranth, lettuce and tomato by FAE (10 %) and (DAE 1 %) of the ruderal plants Argemone mexicana 
(A.m), Baccharis salicifolia (B.s), Lepidium virginicum (L.v), Leucaena leucocephala (L.l), and Reseda luteola (R.l). Means + standard error of 4 experi-
ments with n = 10. A different letter indicates statistical significance P < 0.05.
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FAE extracts showed less activity than DAE extracts, ex-
cept for B. salicifolia, which showed a strong inhibition 
(60 to 100 %) on the three model plants (Figure 1). The 
organic extracts DCM-MeOH (1:1) and MeOH tested at  
1 % (w/ v) did not inhibited at all the germination of model 
plants as indicated by statistical analysis (Table S1). 

Inhibition of radicle elongation. Aqueous extracts (DAE 
and FAE) from all the ruderal plants inhibited radicle 
elongation by 10 to 100 % on target species in comparison 
with control treatments. The most notable were the DAE 
extracts of B. salicifolia, and L. virginicum, which inhib-
ited by 100 % the radicle elongation of the three model 
plants (amaranth, lettuce, and tomato) (Figure 3). Most of 
FAE extracts showed lower inhibition than DAE extracts, 
but in the case B. salicifolia DAE maintained 100 % phy-
totoxic activity against lettuce and tomato, but less on 

amaranth (64 % inhibition). DAE and FAE of R. luteola 
showed 100 % inhibition only against lettuce.

On the other hand, generally most organic extracts from 
all ruderal plants showed low or null inhibition of radicle 
elongation as compared to control treatments (Figure 4). 
The DCM-MEOH (1:1) and MeOH extracts of A. mexi-
cana showed 48 % inhibition against tomato. The DCM-
MEOH (1:1) extract of B. salicifolia inhibited in 24 and 27 
% tomato and amaranth radicle elongations. Interestingly, 
some organic extracts stimulated the growth of the radicle. 
For example, both the DCM-MEOH (1:1) and MEOH ex-
tracts of B. salicifolia stimulated lettuce radicle elongation 
in 49 and 46 % respectively as compared against control 
treatments (Figure 4).

Phytotoxicity of extracts to tomato seedlings. The extracts 
that presented the greatest allelopathic potential were test-

Figure 2. Inhibition on amaranth, lettuce, and tomato germination by dry aqueous extracts (DAE 1 %) of Baccharis salicifolia and Lepidium virginicum 
ruderal plants, recorded at 24, 48, and 72 hours, respectively.

https://pdoi.org/10.17129/botsci.2727
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ed on tomato seedlings of 8 and 12 weeks old. The DAE 
of B. salicifolia and L. virginicum at 1 and 2 % did not 
affect biomass yield when compared against control treat-
ment (Figure 5), indicating that these extracts are safe for 
tomato seedlings. 

Positive ion polarity HPLC-ESI-QTOF-MS analysis 
of active extracts. The extracts with the best allopathic 
activity and low phytotoxicity were analyzed by High 

Performance Liquid Chromatography-Mass Spectrom-
etry (HPLC-ESI- QTOF-MS). The chromatogram of B. 
salicifolia DAE showed two majoritarian peaks elut-
ing at 12.77 and 15.52 minutes, with m/z 432.9852 and 
m/z 725.4692 respectively (Figure 6). The HPLC-ESI- 
QTOF-MS chromatogram of L. virginicum DAE showed 
also two majoritarian peaks eluting at 12.16 and 14.90 
minutes with m/z 532.9326 and m/z 527.1659 respec-
tively (Figure 7).

Figure 3. Assay of radicle elongation inhibition on amaranth, lettuce and tomato by FAE (10 %) and (DAE 1 %) of the ruderal plants Argemone mexicana 
(A.m), Baccharis salicifolia (B.s), Lepidium virginicum (L.v), Leucaena leucocephala (L.l), and Reseda luteola (R.l). Means + standard error of 4 experi-
ments with n = 10. A different letter indicates statistical significance P < 0.05.
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Discussion 

Most tomato farmers depend largely on pesticides for 
controlling diseases and pests (Vyvyan 2002). Among 
them, the herbicides glyphosate, 2,4-dichlorophenoxy-
acetic acid, and bromomethane (CH3Br), which pollute 
soils, groundwater aquifers, and air; are risky for the 
environment, and animal and human health (Morillo & 
Villaverde 2017). Some herbicides, such as CH3Br, are 

applied to the soil but are highly negative to the ozone 
layer and affect the human health. This product is severely 
restricted worldwide by the Vienna Convention in 1987 
and the Montreal Protocol in 1988, which Mexico has 
signed (SEMARNAT 2015). To transform conventional 
agricultural production, researchers in pest control have 
concentrated their efforts on the search of natural prod-
ucts as pesticides (Vyvyan 2002, García et al. 2005). It is 
expected, that the allelochemicals, as pure compounds or 

Figure 4. Assay of radicle elongation inhibition on amaranth, lettuce and tomato by DCM-MEOH and MeOH extracts (1 %) of the ruderal plants 
Argemone mexicana (A.m), Baccharis salicifolia (B.s), Lepidium virginicum (L.v), Leucaena leucocephala (L.l), and Reseda luteola (R.l). 
Means + standard error of 4 experiments with n= 10. A different letter indicates statistical significance P < 0.05.
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complex mixtures, extracted from plant tissues with wa-
ter, or organic solvents, can be used for pest management 
as ecofriendly pesticides, without polluting soil, water, air 
(Farooq et al. 2011). 

The aim of this work was to investigate the potential 
phytotoxic activity of five ruderal plants for its possible 
application for tomato crop in Tlaxcala, Mexico. The best 
results were obtained for the aqueous extracts (DAE) of 
Baccharis salicifolia and Lepidium virginicum. Both are 
ruderal shrubs, moreover, some small-scale farmers use 
them to surround their farmland and water channels in 
their traditional agroecosystems (Anaya et al. 1987, del 
Corral et al. 2012). The aqueous extracts from dry mate-
rial (DAE) of B. salicifolia and L. virginicum, tested at 1 % 
w/ v showed remarkable phytotoxic activity, inhibiting by 
100 % the germination (Figures 1, 2), and logically the 
radicle elongation of amaranth and tomato seeds (Figure 
3). These results are similar to treatment with 2,4-D at 1 % 
with these models (Anaya et al. 2003). DAE extracts did 
not have phytotoxic effects on biomass of tomato seed-
lings (8 to 12 weeks age) in greenhouse conditions (Figure 
5). The next step will be to test these extracts in field con-
ditions suggests Vyvyan (2002).

Comparable germination inhibition of 100 % has been 
reported with the aqueous extracts of Tetraclinis articu-
late (Cupressaceae) leaves at 30 g/ L for lettuce seeds, in 
the case of tomato was 100 % with 40 g/ L (M’barek et 
al. 2018). Therefore, DAE extracts of B. salicifolia and 
L. virginicum are 3-4 fold more potent than T. articulate.

The DCM-MeOH 1:1 (v/ v) and MeOH extracts from B 
salicifolia did not show phytotoxic activity; however, Pa-
lacios et al. (2010) and Domínguez (2002) reported strong 
germination inhibition (80 to 100 %) on amaranth and let-
tuce of B. salicifolia ethanol extracts at 10 %. Phytotoxic 
activity of the dichloromethane extract from the leaves of 
B. salicifolia has been reported on seeds of model plants 
(Lolium multiflorum, monocotyledon and Lactuca sativa, 
dicotyledon). This extract contains methoxylated flava-
nones, including sakuranetin, which showed herbicidal 
activity on the above-mentioned model plants (Domín-
guez 2002). Regarding to radicle elongation the aqueous 
extracts (DAE) of B. salicifolia and L. virginicum showed 
the highest inhibition (100 %) on amaranth. 

Baccharis salicifolia has been thoroughly studied 
chemically, identifying 15 flavones (Dominguez et al. 
1986), 7 flavanones (apigenin, quercetin, naringenin, 
sakuranetin) (Zdero et al. 1986, del Corral et al. 2012), 
several diterpenes, including 17 labdanes (Jakupovic et al. 
1990, del Corral et al. 2012), three clerodanes some of 
them with ß-xylopyranoside and ß-fucopyranoside (Zdero 
et al. 1986, Jakupovic et al. 1990, Loayza et al. 1995), 
two triterpenes (del Corral et al. 2012), phytoesterols 
(Dominguez et al. 1986), monoterpenes (α-phellandrene, 
α-terpineol, α-thujene, camphene) (Loayza et al. 1995, 
García et al. 2005, Carrizo Flores et al. 2009, Sosa et 
al. 2012), (cis- α-copaen-8-ol, bicyclogermacrene, ger-
macrene-D) (Loayza et al. 1995, García et al. 2005, Ca-
rrizo Flores et al. 2009, Sosa et al. 2012), cadinene deri-

Figure 5. Effect on biomass of tomato seedlings (8 and 12 weeks old) by DAE (1 %) of the ruderal plants Baccharis salicifolia (B.s) and Lepidium vir-
ginicum (L.v). Means + standard error of 4 experiments with n = 10. A different letter indicates statistical significance P < 0.05
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vates (cadinols) (Zdero et al. 1986, Jakupovic et al. 1990, 
Loayza et al. 1995), and other compounds (baccharis 
oxide, benzofurans, coumarins) (Dominguez et al. 1986, 
Zdero et al. 1986). 

Several flavonoids of B. salicifolia, such as querce-
tin, apigenin, naringenin showed phytotoxicity against 
Lactuca sativa, being the most effective quercetin at 15 
- 40 ppm (Céspedes et al. 2006). In addition, from this 
species it has been isolated the diterpenoids, 5-hydroxy-
6-hydro-salicifolic and salicifolic acids, together with 
sakuranetin, apigenin, and scopoletin (del Corral et al. 
2012). Germination inhibition mediated by 5-hydroxy-
6-hydro-salicifolic and salicifolic acids was determined 
against Panicum miliaceum and Raphanus sativus; and 
the 5-hydroxy-6-hydro-salicifolic acid resulted the most 
active compound (del Corral et al. 2012).

Regarding Lepidium virginicum L., several glucosino-
lates have been isolated from the leaves, such as sinigrin 
and their derivatives; these compounds are involved in the 
defense versus herbivorous insects (Agrawal & Kurashige 

2003). The powders of aerial parts from some species of 
Brassicaceae family containing glucosinolates with herbi-
cidal activity (Ahmed et al. 2020, El-Masry et al. 2019). 
In addition, benzylglucosinolate from L. virginicum is ac-
tive against Entamoeba histolytica (Calzada et al. 2003) 
and has antimicrobial and insecticidal properties (Agrawal 
& Kurashige 2003). 

The HPLC-ESI-QTOF-MS analysis showed two ma-
joritarian peaks in the range with m/z 432.9- 725.4 for the 
active FAE extracts of B. salicifolia and also for L. vir-
ginicum. Since phytotoxic flavonoids, including apigen-
in, have been reported for B. salicifolia (Céspedes et al. 
2006), it can be proposed FAE could contain glycosilated 
flavonoids, such as thalictiin (apigenin-7-alloside) with 
m/z 432.10565 isolated from Cassia occidentalis (Purwar 
et al. 2003). This molecular ion matches to that found for 
the peak m/z 432.9852 with retention time of 12.77 min-
utes (Figure 6). In the case of L. virginicum, FAE could 
have phytotoxic glucosynolates. However, further detailed 
chemical studies are needed for its identification.

Figure 6. HPLC-ESI-QTOF-MS chromatograms of lyophilized DAE 
extracts. A) Baccharis salicifolia HPLC chromatogram. Retention times 
of major peaks: 12.77, and 15.52 minutes; B) MS spectrum of peak at 
12.77 min; and C) MS spectrum of peak at 15.52 min.

Figure 7. HPLC-ESI-QTOF-MS chromatograms of lyophilized DAE 
extracts. A) Lepidium virginicum HPLC chromatogram. Retention times 
of major peaks: 12.16, and 14.90 minutes; B) MS spectrum of peak at 
12.16 min; and C) MS spectrum of peak at 14.90 min.
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In conclusion, two local ruderal plants from Tlaxcala, 
Mexico have phytotoxic activity on three model weeds 
(amaranth, lettuce and tomato). The best treatments were 
the aqueous extracts (DAE, 1 %) prepared with the dry 
aerial parts of Baccharis salicifolia and Lepidium virgini-
cum. Both inhibited by 100 % the germination and radicle 
elongation of the three model weeds; but were not phy-
totoxic to tomato seedlings when watering the plantlets 
72 hrs for 4 months. The HPLC-ESI-QTOF-MS analysis 
showed two majoritarian peaks in the range m/z 432-725 
for each extract and could be glycosylated flavonoids for 
B. salicifolia and glucosinolates for L. virginicum. These 
aqueous extracts are promising material as natural herbi-
cides for tomato crop reducing the dependence on syn-
thetic herbicides. Future biological evaluations and identi-
fication of its active components are needed to advance in 
the generation of ecological alternatives for weeds control 
in tomato crop.

Acknowledgements

Mariana Miranda Arámbula was supported during her 
Ph.D. studies (Programa de Doctorado en Ciencias Bio-
médicas, Universidad Nacional Autónoma de México) 
by a fellowship from the Consejo Nacional de Ciencias 
y Tecnología (México). The first author is also grateful 
with Instituto Politécnico Nacional (IPN) for the License 
to conduct PhD studies. We are grateful with two anon-
ymous reviewers for their valuable suggestions, to Dr. 
Rocio Goméz Cansino, to Biol. Blanca E. Bautista, Mrs. 
Teresa Caudillo Estrada, for technical support in the Al-
lelopathy Laboratory, Instituto de Ecología. To Everardo 
Tapia Mendoza (LANCIC-IQ) Laboratory for technical 
assistance, and Dr. Guillermo Delgado Lamas, both at the 
Instituto de Química, UNAM.

Supplementary material

Supplemental data for this article can be accessed here: 
https://doi.org/10.17129/botsci.2727

Literature cited

Abdel-Monaim MF, Abo-Elyousr KAM, Morsy KM. 
2011. Effectiveness of plant extracts on suppression of 
damping-off and wilt diseases of lupine (Lupinus ter-
mis Forsik). Crop Protection 30: 185-191. DOI: https://
doi.org/10.1016/j.cropro.2010.09.016 

Adisa IO, Reddy Pullagurala VL, Rawat S, Hernandez-
Viezcas JA, Dimkpa CO, Elmer WH, White JC, Peralta-
Videa JR, Gardea-Torresdey JL. 2018. Role of cerium 
compounds in Fusarium wilt suppression and growth 
enhancement in tomato (Solanum lycopersicum). Jour-
nal of Agricultural and Food Chemistry 66: 5959-5970. 
DOI: https://doi.org/10.1021/acs.jafc.8b01345 

Agrawal AA, Kurashige NS. 2003. A role for isothiocya-
nates in plant resistance against the specialist herbivore 
Pieris rapae. Journal of Chemical Ecology 29: 1403-
1415. DOI: https://doi.org/10.1023/A:1024265420375

Ahmed SD.AG, Messiha NK, El-Masry RR, El-Dabaa 
MAT. 2020. The dual allelopathic capacity of two Bras-
sicaceae plants’ seed powder in controlling Orobanche 
crenata infesting Pisum sativum as well as stimulating 
its growth and yield. Bulletin of the National Research 
Centre 44: 1-17. DOI: https://doi.org/10.1186/s42269-
020-0276-6

Anaya AL, Calera MR, Mata R, Pereda-Miranda R. 1990. 
Allelopathic potential of compounds isolated from 
Ipomoea tricolor cav. (Convolvulaceae). Journal of 
Chemical Ecology 16: 2145-2152. DOI: https://doi.
org/10.1007/BF01026926

Anaya AL, Mata R, Sims JJ, González-Coloma A, Cruz-
Ortega R, Guadaño A, Hernández-Bautista BE, Mid-
land SR, Gómez-Pompa A. 2003. Allelochemical po-
tential of Callicarpa acuminata. Journal of Chemical 
Ecology 29: 2761-2776. DOI: https://doi.org/10.1023/
B:JOEC.0000008019.22063.5c

Anaya AL, Ramos L, Cruz R, Hernández JG, Nava V. 
1987. Perspectives on allelopathy in Mexican tradition-
al agroecosystems: a case study in Tlaxcala. Journal 
of Chemical Ecology 13: 2083-2101. DOI: https://doi.
org/10.1007/BF01012873

Bakht T, Khan IA. 2014. Weed control in tomato (Lycop-
ersicon esculentum Mill.) through mulching and herbi-
cides. Pakistan Journal of Botany 46: 289-292.

Bergougnoux V. 2014. The history of tomato: from do-
mestication to biopharming. Biotechnology Advances 
32: 170-189. DOI: https://doi.org/10.1016/j.bio-
techadv.2013.11.003

Calzada F, Barbosa E, Cedillo-Rivera R. 2003. Antiamoe-
bic activity of benzyl glucosinolate from Lepidium 
virginicum. Phytotherapy Research 17: 618-619. DOI: 
https://doi.org/10.1002/ptr.1210

Carrizo Flores R, Ponzi M, Ardanaz C, Tonn CE, Don-
adel OJ. 2009. Chemical composition of essential oil 
of Baccharis salicifolia (Ruiz & Pavon) Pers. and an-
tibacterial activity. Journal of the Chilean Chemical 

https://doi.org/10.17129/botsci.2727
https://doi.org/10.1016/j.cropro.2010.09.016
https://doi.org/10.1016/j.cropro.2010.09.016
https://doi.org/10.1021/acs.jafc.8b01345
https://doi.org/10.1023/A:1024265420375
https://doi.org/10.1186/s42269-020-0276-6
https://doi.org/10.1186/s42269-020-0276-6
https://doi.org/10.1007/BF01026926
https://doi.org/10.1007/BF01026926
https://doi.org/10.1023/B:JOEC.0000008019.22063.5c
https://doi.org/10.1023/B:JOEC.0000008019.22063.5c
https://doi.org/10.1007/BF01012873
https://doi.org/10.1007/BF01012873
https://doi.org/10.1016/j.biotechadv.2013.11.003
https://doi.org/10.1016/j.biotechadv.2013.11.003
https://doi.org/10.1002/ptr.1210


497

Miranda-Arámbula et al. / Botanical Sciences 99(3): 487-498. 2021

Society 54: 475-476. DOI: http://dx.doi.org/10.4067/
S0717-97072009000400034 

Céspedes CL, Marín JC, Domínguez M, Avila JG, Serrato 
B. 2006. Plant growth inhibitory activities by second-
ary metabolites isolated from Latin American flora. Ad-
vances in Phytomedicine 2: 373-410. DOI: https://doi.
org/10.1016/S1572-557X(05)02021-0

Da Cruz Cabral L, Fernandez Pinto V, Patriarca A. 2013. 
Application of plant derived compounds to control fun-
gal spoilage and mycotoxin production in foods. Inter-
national Journal of Food Microbiology 166: 1-14. DOI: 
https://doi.org/10.1016/j.ijfoodmicro.2013.05.026

de Coninck B, Timmermans P, Vos C, Cammue BP, Ka-
zan K. 2015. What lies beneath: belowground defense 
strategies in plants. Trends in Plant Science 20: 91-101. 
DOI: https://doi.org/10.1016/j.tplants.2014.09.007 

de Rodríguez DJ, Rodríguez García R, Hernández Cas-
tillo FD, Aguilar González CN, Galindo AS, Villarreal 
Quintanilla J, Moreno Zuccolotto L. 2011. In vitro an-
tifungal activity of extracts of Mexican Chihuahuan 
Desert plants against postharvest fruit fungi. Industrial 
Crops and Products 34: 960-966. DOI: https://doi.
org/10.1016/j.indcrop.2011.03.001 

del Corral S, Cuffini SL, Cardoso SG, Bortoluzzid AJ, Pa-
lacios SM. 2012. Phytotoxic halimanes isolated from 
Baccharis salicifolia (Ruiz & Pad.) Pers. Phytochemis-
try Letters 5: 280-283. DOI: https://doi.org/10.1016/j.
phytol.2012.02.001 

Domínguez LM. 2002. Comparación de la actividad her-
bicida de dos especies de la familia Asteraceae; Bac-
charis salicifolia y Baccharis conferta. BSc. Thesis. 
Universidad Nacional Autónoma de México. 

Dominguez XA, El Dahmi S, Rombold C. 1986. Hy-
droxyacetophenone derivatives from Baccharis gluti-
nosa. Journal of Natural Products 49: 143-144. DOI: 
https://doi.org/10.1021/np50043a019

El-Masry RR, El-Desoki ER, El-Dabaa MAT, Messiha 
NK, Ahmed SEDAE. 2019. Evaluating the allelopathic 
potentiality of seed powder of two Brassicaceae plants 
in controlling Orobanche ramosa parasitizing Lycoper-
sicon esculentum Mill. plants. Bulletin of the National 
Research Centre 43: 101. DOI: https://doi.org/10.1186/
s42269-019-0144-4.

Farooq M, Jabran K, Cheema ZA, Wahid A, Siddique KH. 
2011. The role of allelopathy in agricultural pest man-
agement. Pest Management Science 67: 493-506. DOI: 
https://doi.org/10.1002/ps.2091 

García M, Donadel OJ, Ardanaz CE, Tonn CE, Sosa 
ME. 2005. Toxic and repellent effects of Baccharis 

salicifolia essential oil on Tribolium castaneum. Pest 
Management Science 61: 612-618. DOI: https://doi.
org/10.1002/ps.1028

Jakupovic J, Schuster A, Ganzer U, Bohlmann F, Boldt 
PE. 1990. Sesqui- and diterpenes from Baccharis 
species. Phytochemistry 29: 2217-2222. https://doi.
org/10.1016/0031-9422(90)83041-X

Korres NE, Burgos NR, Duke SO, eds. 2019. Weed Con-
trol: Sustainability, Hazards, and Risks in Cropping 
Systems Worldwide. Arkansas, USA: CRC Press. Tay-
lor & Francis Group. ISBN: 978-1-498-78746-8

Loayza I, Abujder D, Aranda R, Jakupovic J, Collin G, 
Deslauriers H, Jean FI. 1995. Essential oils of Bac-
charis salicifolia, B. latifolia and B. dracunculifo-
lia. Phytochemistry 38: 381-389. DOI: https://doi.
org/10.1016/0031-9422(94)00628-7

M’barek K, Zribi I, Haouala R. 2018. Allelopathic effects 
of Tetraclinis articulata on barley, lettuce, radish and 
tomato. Allelopathy Journal 43: 187-202. DOI: https://
doi.org/10.26651/allelo.j./2018-43-2-1140 

Morillo E, Villaverde J. 2017. Advanced technologies 
for the remediation of pesticide-contaminated soils. 
Science of the Total Environment 586: 576-597. DOI: 
https://doi.org/10.1016/j.scitotenv.2017.02.020 

Moshi AP, Matoju I. 2017. The status of research on and 
application of biopesticides in Tanzania. Review. Crop 
Protection 92: 16-28. DOI: https://doi.org/10.1016/j.
cropro.2016.10.008 

Palacios SM, del Corral S, Carpinella MC, Ruiz G. 2010. 
Screening for natural inhibitors of germination and 
seedling growth in native plants from Central Argen-
tina. Industrial Crops and Products 32: 674-677. DOI: 
https://doi.org/10.1016/j.indcrop.2010.05.004 

Potito AP, Beatty SW. 2005. Impacts of recreation trails 
on exotic and ruderal species distribution in grass-
land areas along the Colorado Front Range. Environ-
mental Management 36: 230-236. DOI: https://doi.
org/10.1007/s00267-003-0177-0

Purwar C, Rai R, Srivastava N, Singh J. 2003. New flavo-
noid glycosides from Cassia occidentalis. Indian Jour-
nal of Chemistry 42: 434-436. 

Rongai D, Milano F, Sciò E. 2012. Inhibitory effect of 
plant extracts on conidial germination of the phyto-
pathogenic fungus Fusarium oxysporum. American 
Journal of Plant Sciences 3: 1693. DOI: http://doi.
org/10.4236/ajps.2012.312207 

Rosas-Burgos EC, Cortez-Rocha MO, Cinco-Moroyoqui 
FJ, Robles-Zepeda RE, López-Cervantes J, Sánchez-
Machado DI, Lares-Villa F. 2009. Antifungal activity 

http://dx.doi.org/10.4067/S0717-97072009000400034
http://dx.doi.org/10.4067/S0717-97072009000400034
https://doi.org/10.1016/S1572-557X(05)02021-0
https://doi.org/10.1016/S1572-557X(05)02021-0
https://doi.org/10.1016/j.ijfoodmicro.2013.05.026
https://doi.org/10.1016/j.tplants.2014.09.007
https://doi.org/10.1016/j.indcrop.2011.03.001
https://doi.org/10.1016/j.indcrop.2011.03.001
https://doi.org/10.1016/j.phytol.2012.02.001
https://doi.org/10.1016/j.phytol.2012.02.001
https://doi.org/10.1021/np50043a019
https://doi.org/10.1186/s42269-019-0144-4
https://doi.org/10.1186/s42269-019-0144-4
https://doi.org/10.1002/ps.2091
https://doi.org/10.1002/ps.1028
https://doi.org/10.1002/ps.1028
https://doi.org/10.1016/0031-9422(90)83041-X
https://doi.org/10.1016/0031-9422(90)83041-X
https://doi.org/10.1016/0031-9422(94)00628-7
https://doi.org/10.1016/0031-9422(94)00628-7
https://doi.org/10.26651/allelo.j./2018-43-2-1140
https://doi.org/10.26651/allelo.j./2018-43-2-1140
https://doi.org/10.1016/j.scitotenv.2017.02.020
https://doi.org/10.1016/j.cropro.2016.10.008
https://doi.org/10.1016/j.cropro.2016.10.008
https://doi.org/10.1016/j.indcrop.2010.05.004
https://doi.org/10.1007/s00267-003-0177-0
https://doi.org/10.1007/s00267-003-0177-0
http://doi.org/10.4236/ajps.2012.312207
http://doi.org/10.4236/ajps.2012.312207


Ruderal Plant Extracts’ Phytotoxic Activity for Tomato Crop

498

in vitro of Baccharis glutinosa and Ambrosia confer-
tiflora extracts on Aspergillus flavus, Aspergillus para-
siticus and Fusarium verticillioides. World Journal 
of Microbiology and Biotechnology 25: 2257. DOI: 
https://doi.org/10.1007/s11274-009-0116-1

SAGARPA [Secretaría de Agricultura, Ganadería, Desa-
rrollo Rural, Pesca y Alimentación]. 2017. Servicio de 
Información Agroalimentaria y Pesquera (SIAP) - A tlas 
Agroalimentario-Estadisticas del SIAP - Producción 
Agricola en el Estado de Tlaxcala, enero y noviembre, 
2016. URL: https://nube.siap.gob.mx/cierreagricola/. 
(accessed June 01, 2019)

Scavo A, Pandino G, Restuccia A, Mauromicale G. 2020. 
Leaf extracts of cultivated cardoon as potential bio-
herbicide. Scientia Horticulturae 261: 109024 DOI: 
https://doi.org/10.1016/j.scienta.2019.109024

SEMARNAT [Secretaría del Medio Ambiente y Recursos 
Naturales]. 2015. Agenda Internacional - Protocolo de 
Montreal - Protocolo de montreal relativo a las sustan-
cias que agotan la capa de ozono URL: https://www.
gob.mx/semarnat/acciones-y-programas/protocolo-de-

montreal-relativo-a-las-sustancias-que-agotan-la-capa-
de-ozono-protocolo-de-montreal. (accessed December 
5, 2015)

Sosa ME, Lancelle HG, Tonn CE, Andres MF, Gonzalez-
Coloma A. 2012. Insecticidal and nematicidal essential 
oils from Argentinean Eupatorium and Baccharis spp. 
Biochemical Systematics and Ecology 43: 132-138. 
DOI: https://doi.org/10.1016/j.bse.2012.03.007 

Talibi I, Askarne L, Boubaker H, Boudyach EH, Msanda 
F, Saadi B, Aoumar AAB. 2012. Antifungal activity of 
some Moroccan plants against Geotrichum candidum, 
the causal agent of postharvest citrus sour rot. Crop 
Protection 35: 41-46. DOI: https://doi.org/10.1016/j.
cropro.2011.12.016

Vyvyan JR. 2002. Allelochemicals as leads for new herbi-
cides and agrochemicals. Tetrahedron 58: 1631-1636. 
DOI: https://doi.org/10.1016/S0040-4020(02)00052-2

Zdero C, Bohlmann F, King RM, Robinson H. 1986. Diter-
pene glycosides and other constituents from Argentin-
ian Baccharis species. Phytochemistry 25: 2841-2855. 
DOI: https://doi.org/10.1016/S0031-9422(00)83754-1

Associate editor: Dr. Elihú Bautista
Author contributions: MMA, performed the experiments, contrib-
uted to conceptualization, methodology, design of experiments, vali-
dation, data analysis and wrote the initial draft; RRC, contributed 
in data curation and analysis, writing and edition of the final draft; 
ALAL, designed the study and supervised the experiments, and pro-
vided the funding.

https://doi.org/10.1007/s11274-009-0116-1
https://nube.siap.gob.mx/cierreagricola/
https://doi.org/10.1016/j.scienta.2019.109024
https://www.gob.mx/semarnat/acciones-y-programas/protocolo-de-montreal-relativo-a-las-sustancias-que-agotan-la-capa-de-ozono-protocolo-de-montreal
https://www.gob.mx/semarnat/acciones-y-programas/protocolo-de-montreal-relativo-a-las-sustancias-que-agotan-la-capa-de-ozono-protocolo-de-montreal
https://www.gob.mx/semarnat/acciones-y-programas/protocolo-de-montreal-relativo-a-las-sustancias-que-agotan-la-capa-de-ozono-protocolo-de-montreal
https://www.gob.mx/semarnat/acciones-y-programas/protocolo-de-montreal-relativo-a-las-sustancias-que-agotan-la-capa-de-ozono-protocolo-de-montreal
https://doi.org/10.1016/j.bse.2012.03.007
https://doi.org/10.1016/j.cropro.2011.12.016
https://doi.org/10.1016/j.cropro.2011.12.016
https://doi.org/10.1016/S0040-4020(02)00052-2
https://doi.org/10.1016/S0031-9422(00)83754-1

	Materials and methods
	Results
	Discussion

