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Abstract

Soluble allelochemicals have generated great interest since they can be used for the biological control of pests,
especially of weeds. However, few studies have evaluated the effectiveness of soluble compounds of exudates
on germination in relation to exposure time. Here we evaluate the inhibitory effect of aqueous root, stem and
leaf extracts of five South American species of Bothriochloa on the percentage of seed germination of four
target species (lettuce, lovegrass, maize and wintergreen paspalum) over three exposure periods (48, 120 and
168 h). Aqueous extracts of the five Bothriochloa species inhibited germination; germination inhibition was
strongly correlated with exposure time, with the longest treatment period (168 h) being the one of greatest
inhibitory activity. Inhibitory activity differed among types of aqueous extracts. The suitable management
of allelopathy might improve crop productivity and environmental protection through biologically friendly
control of weeds.
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Resumo

Aleloquimicos soltveis tém gerado grande interesse, pois podem ser utilizados para o controle bioldgico de
pragas, principalmente de plantas daninhas. No entanto, poucos estudos avaliaram a eficacia de compostos
soltveis de exsudatos na germinagao com relagdo ao tempo de exposi¢ao. Aqui, avaliamos o efeito inibitorio
de extratos aquosos de raizes, caules e folhas de cinco espécies sul-americanas de Bothriochloa na porcentagem
de germinagéo de quatro espécies-alvo (alface, choro de capim, milho e paspalum verde-inverno) ao longo de
trés periodos de exposigdo (48, 120 and 168 h). Extratos aquosos das cinco espécies de Bothriochloa inibiram
a germinacao; a inibicdo da germinagao foi fortemente correlacionada com o tempo de exposi¢ao, sendo o
periodo de tratamento mais longo (168 h) o de maior atividade inibitdria. A atividade inibitdria diferiu entre
os tipos de extratos aquosos. O manejo adequado da alelopatia pode melhorar a produtividade das culturas e
a prote¢ao ambiental através do controle biologico de ervas daninhas.

Palavras-chave: alelopatia, extratos aquosos, Bothriochloa, tempo de exposi¢ao, germinacao.

Introduction

Nowadays, there is a growing interest in the
biological control of pests through the application of
allelochemical compounds as herbicides, pesticides,
insecticides, and antibacterial or antifungal products
(Narwal 2010; Linde ef al. 2010; Cheng & Cheng

2015; Jabran et al. 2015; Bey-Ould Si Said et al. 2016;
Khan et al. 2016; Macias et al. 2019). In addition,
allelochemicals are considered safe and beneficial
for the environment and human population (EI-
Kenany & El-Darier 2013); however, its application
in agriculture is limited (Cheema et al. 2013).

' CONICET-Universidad Nacional de Cordoba, Instituto Multidisciplinario de Biologia Vegetal, Sistematica y Filogeografia de Plantas, Cérdoba, Argentina.
* Universidad Nacional de Cérdoba, Facultad de Ciencias Exactas, Fisicas y Naturales, Cérdoba, Argentina. ORCID: <https://orcid.org/0000-0002-0991-439X>.

* ORCID: <https://orcid.org/0000-0002-2572-895X>.

4 R,
Author for correspondence: rscrivanti@imbiv.unc.edu.ar



2de7

Aqueous extracts and essential oils of some
plants are sources of allelochemicals. Soluble
allelochemicals in exudates can suppress the
germination and growth of weeds; thus, they are
an alternative to synthetic herbicides, which pollute
and damage the ecosystem (Rodrigues Carmello &
Cardoso 2018). The nature of allelochemicals is
complex and includes simple phenolics, flavonoids,
alkaloids, coumarins, quinones, triterpenes,
steroids, diterpenes, sesquiterpenes, monoterpenes
and benzoxazinoids (Macias et al. 2019).

Bothriochloa (Poaceae: Andropogoneae)
species are tropical and subtropical perennial
grasses characterized by essential oils rich in
sesquiterpenes (Pinder & Kerr 1980; Zalkow et
al. 1980; Melkani et al. 1984; Bhandari et al.
1993; Kaul & Vats 1998; Scrivanti et al. 2009);
their aqueous extracts are recognized for their
allelopathic property (Hussain et al. 1982; Hu &
Jones 1999; Scrivanti 2010; Scrivanti et al. 2011).
In addition, epi-a-cadinol, damascenone- (E)
-B, E, E-farnesol, y-gurjuneno and germacrene
D sesquiterpenes, the main compounds in the
essential oils of the South American species of
Bothriochloa, inhibit germination and growth of
other plants (Scrivanti & Anton 2018). However, the
inhibitory effect of allelochemicals on germination
and seedling growth in relation to exposure time
has not been evaluated. Seed germination is the
most critical stage for seedling establishment
and survival (Rajjou et al. 2012). The aim of this
work was to evaluate the inhibitory activity of the
aqueous extracts of root, stem and leaf of five South
American species of Bothriochloa (Poaceae) on
the germination of four plants over three exposure
periods. Our results may contribute to weed
management through the application of allelopathy
in modern agriculture.
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Material and Methods

Plant materials

Five Bothriochloa species were collected
from Cérdoba province, Argentina, in January
2018: B. barbinodis (Lag.) Herter, B. edwardsiana
(Gould) Parodi, B. perforata (Trin. ex Fourn.)
Herter, B. saccharoides (Sw.) Rydb. subsp. australis
Scrivanti and B. springfieldii (Gould) Parodi
(Tab. 1). Voucher specimens are deposited in the
Herbarium, Museo Botanico de Cérdoba (CORD).
Stem, leaf and root portions were separated and
air dried. Aqueous extracts were obtained and
examined to determine the allelopathic effect of
different plant parts.

Aqueous extracts

Portions (5 g each) of dried culm, leaf-
blade and root from each Bothriochloa plant
were coarsely cut with a razor and gently crushed
using a mortar and pestle to create openings in
the surface tissues. Each sample was placed in a
tube containing 50 mL deionized water and the
mixture was kept in a refrigerator for 2 h; then it
was stirred in a rotary shaker for 1 h and centrifuged
(Eppendorf 5804R, Hamburg, Germany) at 1,500
rotations min’! for 15 min (Scrivanti et al. 2011).
The supernatant was recovered and stored in a
refrigerator for further use as a crude water-soluble
extract. The extracts were stored at 4 °C.

Bioassay

The allelopathic effects of aqueous root, stem
and leaf extracts were evaluated on 25 seeds of each
of the following plants: lettuce (Lactuca sativa
L.), maize (Zea mays L.), lovegrass [Eragrostis
curvula (Schard.) Nees] and wintergreen paspalum
(Paspalum guenoarum Arechav.). Seeds were

Table 1 — Locality and voucher number of the examined material.

Species

Collector and locality

Bothriochloa barbinodis (Lag.) Herter

Bothriochloa edwardsiana (Gould) Parodi
Bothriochloa perforata (Trin. ex Fourn.) Herter

B. saccharoides (Sw.) Rydb. subsp. australis Scrivanti

B. springfieldii (Gould) Parodi

L.R. Scrivanti 370. Argentina, Cérdoba, Capital
L.R. Scrivanti 358. Argentina, Cordoba, Punilla
L.R. Scrivanti 368. Argentina, Cordoba, Punilla
L.R. Scrivanti 375. Argentina, Cordoba, Punilla

L.R. Scrivanti 371. Argentina, Cérdoba, Punilla
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placed in Petri dishes containing two layers of filter
paper moistened with 4 mL of aqueous extracts
of Bothriochloa species. The control Petri dishes
were treated with 4 mL deionized water. These
Petri dishes were kept at 23 °C under low light
(300 pmol photons m™ s™') photosynthetically
active radiation (PAR) from fluorescent lamps
Scrivanti et al. 2011). To determine the moment of
highest inhibitory activity of the aqueous extracts,
germination was measured 48, 120 and 168 hours
after application. The treatments were replicated
three times in a completely randomized design.

Data were standardized and subjected to
an analysis of variance (ANOVA) followed by
Tukey’s test to determine significant differences
among mean values at probability level of 0.05,
using the InfoStat program version 2018 (Rienzo
et al. 2018).

Results

The aqueous root, stem and leaf extracts of
B. barbinodis, B. edwardsiana, B. perforata, B.
saccharoides subp. australis and B. springfieldii
inhibited the germination of maize and wintergreen
paspalum after 48 h of exposure with respect to
control (p < 0.05). In most treatments with the
aqueous root and leaf extracts of the five species
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of Bothriochloa, the highest average percentages of
inhibition occurred after 120 h, with no significant
differences among treatments at 48 h and 120 h
(Tab. 2). The inhibition percentage of aqueous
root extracts treatments ranged from 36.38 to
78.33% for maize and from 38.46 to 97.30%
for wintergreen paspalum (Tab. 2), whereas for
aqueous leaf extracts the inhibition percentage
ranged from 42.80 to 73.20% for maize (Tab. 2). In
treatments with the aqueous leaf extract of the five
Bothriochloa species the highest average inhibition
percentages on wintergreen paspalum occurred at
168 h (Tab. 2). The treatments with the aqueous
stem extracts of the five species of Bothriochloa
showed the highest average percentages of
inhibition at 168 h, with values ranging from 49.70
to 75.0% for maize and from 75.80 to 98.20% for
wintergreen paspalum (Tab. 2).

Overall, the aqueous root, stem and leaf
extracts inhibited germination of lettuce and
lovegrass significantly at 168 h, with average
values from 9.60 to 17.60% for lettuce and from
21.0 to 26.40% for lovegrass (Tab. 2).

The aqueous root, stem and leaf extracts
of all Bothriochloa species on the four target
plants differed in their inhibitory activity at the
three exposure periods (Fig. 1a-c). The inhibitory

Table 2 — Effects of aqueous extracts of five South American species of Bothrichloa (Poaceae) on seed germination
of lettuce, lovegrass, maize and wintergreen paspalum.

Inhibition of germination (%) over control (%)*

Bothriochloa

Time

(species) Test species (hours) Root extract Stem extract Leaf extract
Bothriochloa Lettuce 48 400+235a 320+295a 340+26la
barbinodis 120 42042174 420+2.17a 460+ 1824
168 13.20£2.77*b 9.60+3.21*b 17.00+3.81*b
Lovegrass 48 7.00£2.65a 540+344a 580+£327a
120 9.00+292a 6.80+2.17a 7.60+2.07a
168 22.60+3.65%b 24.18 +1.94*b 24.84 £3.46* b
Maize 48 4593 +2.06* a 4382 +235%a 4394 +237*%a
120 50.92+2.31*b 68.10 £ 5.94* b 72.80 +£2.28% b
168 64.26 £2.24% ¢ 75.00+ 1.87* ¢ 73.20+2.17*%b
W. Paspalum 48 73.18 £2.56% a 66.20+2.07* a 67.00+2.35% a
120 81.24+1.61*b 82.60 £2.88% b 83.40+2.07%b
168 82.32+2.10%b 88.20+2.05% ¢ 88.00 +2.55% ¢
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Inhibition of germination (%) over control (%)*

Botht:iochloa Test species Time Root extract Stem extract Leaf extract
(species) (hours)
Bothriochloa Lettuce 48 3.60+1.67a 440+241a 390+ 1.52a
edwardsiana 120 45642042 48042592 48042392
168 13.28 £2.26* b 1540 £2.70* b 15.20+3.11*b
Lovegrass 48 540+2.30a 580+2.68a 5.60+2.07a
120 9.00+3.39a 850+3.57a 840+3.05a
168 2540+£4.22%b 2440+£3.85%Db 23.80+2.59*%b
Maize 48 34.82+2.33%a 49.36+231*%a 5720+3.11*a
120 49.60 +2.07* b 57.84+£1.93*b 62.80 £2.28*b
168 51.46+2.78%b 71.38+3.43%¢ 63.20+2.17%b
W. Paspalum 48 82.80+2.17*%a 66.60 £2.07* a 70.40 +2.30* a
120 91.64+1.77*b 95.20+2.95*%b 93.40+2.07*b
168 94.84 +1.96* b 98.20 £2.05* b 9720+ 1.64* ¢
Bothriochloa Lettuce 48 340+251a 340+230a 370+2.11a
perforaia 120 480+239a 38042312 50042552
168 13.36 £2.13*b 15.00+2.92* b 15.62+2.67*b
Lovegrass 48 620+2.39a 6.60+2.19a 400+3.24a
120 1020+5.07a 11.60+2.88%b 9.24+1.95*%b
168 2640 +251*b 23.60+2.92*% ¢ 21.00+2.00* ¢
Maize 48 71.34+291*%a 4382+235*%a 43.94+£237*%a
120 73.51+£2.76%a 68.10+5.94* b 72.80+£2.28%b
168 78.33 +£2.58%b 75.00+ 1.87* ¢ 73.20+2.17%b
W. Paspalum 48 59.32+2.53*%a 66.60 £2.07* a 67.00+2.35%a
120 73.04 +£2.68* b 82.60+2.88%b 83.40+£2.07*b
168 74.72 £3.00*% b 88.20 £2.05% ¢ 88.06 £2.55% ¢
Bothriochloa Lettuce 48 3.80+239a 3.62+2.60a 3.60+1.14a
saccharoides 120 42042592 39040742 4.00+2.00a
subsp. australis
168 16.54 £2.49* b 17.60 £2.70* b 13.00+2.12*b
Lovegrass 48 5.80+£239a 550£2.06a 420+295a
120 8.60+£2.6la 824+283a 8.60+£336a
168 2346 +2.12*%b 24.96 £3.33%b 23.10+2.25% b
Maize 48 2593 +2.55%a 38.38+2.72%a 19.98 £2.33* a
120 36.38+2.79*% b 4410+ 1.75%b 42.80+2.28% b
168 38.72+3.02* b 49.70 £2.95*% ¢ 4320+2.17*b
W. Paspalum 48 3446 +5.80%a 60.38 £2.05% a 7928 +2.31*a
120 38.46 £2.45% ab 63.00+2.35%a 80.61 £2.11* ab
168 41.54+295*%b 7640+ 1.67*b 84.36+2.71%b
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Inhibition of germination (%) over control (%)*
Bothriochloa Test species Time Root extract Stem extract Leaf extract
(species) (hours)
Bothriochloa Lettuce 48 260+1.14a 394+2.17a 440+230a
springfieldii 120 420+130a 480+£2.04a 3.70+2.73 a
168 16.72 +2.38*% b 15.60+3.91*%b 13.00£2.12*%b
Lovegrass 48 420+1.64a 6.05+3.10a 6.60+3.78 a
120 8.60+2.61a 824+236a 820+239a
168 23.32+2.70%b 2296 +3.45%b 23.10+2.25*%b
Maize 48 3593 +£2.55*%a 37.80+2.28%a 19.98 £2.33%a
120 51.62+2.96*% b 4290+2.75*b 42.80+£2.28*%Db
168 53.18£2.65*% b 50.34+241%¢ 4320+£2.17*Db
W. Paspalum 48 9472 +£2.34* a 59.80+3.30*%a 79.40 +1.95*% a
120 97.02+1.61*a 62.48+£3.32*%a 80.52 £ 1.88* ab
168 97.30+2.17*a 75.80+2.77*b 84.20+2.77*b

aValues (means + SD) having different letter in the same column are significantly different from each other according to Tukey’s multiple range test at P < 0.05

(n = 25). * Indicate values significantly less than the respective control (P < 0.05).

activity of treatments with aqueous root and stem
extracts gradually increased from 48 h to 168
h, with inhibition percentages being highest at
168 h (Fig. 1a-b). In turn, the highest inhibitory
activity percentage of the aqueous leaf extract
treatment was recorded at 120 h, with no significant
differences from values recorded at 168 h (Fig.
lc). The germination inhibitory activity increased
with exposure time of the seeds to aqueous extracts
(Tab. 2).

Discussion

Aqueous extracts of root, stem and leaf
of the South American Bothriochloa species
showed allelopathic activity that inhibited seed
germination in lettuce, maize, lovegrass and
wintergreen paspalum. The allelopathic effects
of the aqueous vegetative extracts of the South
American species of Bothriochloa have already
been reported (Scrivanti 2010; Scrivanti et
al. 2011; Scrivanti & Anton 2018). However,
the inhibitory activity of allelochemicals on
germination in relation to exposure time has not
been evaluated so far. The aqueous extracts mainly
inhibited germination after 120 h, with a peak at
168 h. This result suggests that the decrease in
germination is favored by longer exposure to the
allelochemicals present in the aqueous root, stem
and leaf extracts of the South American species of
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Bothriochloa. The essential oils of Bothriochloa
barbinodis, B. edwardsiana, B. perforata, B.
saccharoides subsp. australis and B. springfieldii
from South America were characterized by
dominance of oxygenated sesquiterpenes such
as E,E-farnesol, epi-a-cadinol and y-gurjunene
followed by E-B-farnesene, germacrene D and cis-
nerolidol (Scrivanti et al. 2009). The E,E-farnesol,
epi-a-cadinol, y-gurjunene and germacrene D
sesquiterpenes shown inhibitory activity on seed
germination and seedling growth of other plants
(Bede & Tobe 2000; Barbosa et al. 2007; Scrivanti
& Anton 2018). Although sesquiterpenes are
less water soluble cause strong inhibitory effects
(Fischer et al. 1994; He et al. 2009). Therefore,
the allelochemicals present in the aqueous extracts
may be able to prevent seed germination by
producing cell wall damage in radicle tips, which
reduces cell proliferation and DNA synthesis in
plant meristems; producing disorganization of
organelles; reducing mitotic activity; disrupting
mitotic microtubules; suppressing hormone
activity; reducing the ion uptake rate; inhibiting
protein formation ; reducing the permeability of
cell membranes; and inhibiting enzyme activities
among other mechanisms (Andrade et al. 2010;
Cheng & Cheng 2015; Sitthinoi ef al. 2017).

The allelochemicals of B. alta, B. barbinodis,
B. edwardsiana, B. perforata, B. saccharoides
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Figure 1 — a-c. Inhibitory activity of extracts of the
five Bothriochloa species on seed germination of four
target plants at 48, 120 and 168 h of exposure time —
a. aqueous root; b. stem; c. leaf. Values with different
letters are significantly different according to Tukey’s
multiple range test at p < 0.05 (n = 25).
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subsp. australis and B. springfieldii can be applied
as potential herbicides, since they inhibited seed
germination and growth of the four tested plants
from the first hours (48 h) of application, with
germination inhibition peaking at 168 h.
Allelochemicals with negative allelopathic
effects on seed germination and seedling growth
do not have residual or toxic effects; therefore, they
are a suitable substitute for synthetic herbicides
(Cheng & Cheng 2015). The suitable management
of allelochemicals might improve crop productivity
and environmental protection through biologically
friendly control of weeds. Nowadays, few
natural herbicides derived from allelochemicals
are marketed (Cheng & Cheng 2015), perhaps
due to the lack of knowledge about allelopathic
interactions. Therefore, it is necessary to support
and stimulate scientific advances on the use
of allelochemicals as herbicides, pesticides,
insecticides, and antibacterial and antifungal agents
to contribute to agricultural production, both in
small farms and large-scale agronomic systems.

Acknowledgments

This work was supported by grants from
Agencia Nacional de Promocion Cientifica y
Tecnologica (FONCYT) [PICT2014-1095];
Universidad Nacional de Coérdoba (FCEFyN -
SECyT - UNC) [Res. 266/18].

References

Andrade LF, Davide LC & Gedraite LS (2010) The
effect of cyanide compounds, fluorides, aluminum,
and inorganic oxides present in spent pot liner on
germination and root tip cells of Lactuca sativa.
Ecotoxicology and Environmental Safety 73: 626-
631.

Barbosa CA, Demuner AJ, Clemente AD, Paula
VFD & Ismail FMD (2007) Seasonal variation
in the composition of volatile oils from Schinus
terebinthifolius Raddi. Quimica Nova 30: 1959-
1965.

Bede JC & Tobe SS (2000) Activity of insect juvenile
hormone III: seed germination and seedling growth
studies. Chemoecology 10: 89-97.

Bey-Ould Si Said Z, Haddadi-Guemghar H, Boulekbache-
Makhlouf L, Rigou P, Remini H, Adjaoud A, Khoudj
NK & Madani K (2016) Essential oils composition,
antibacterial and antioxidant activities of
hydrodistillated extract of Eucalyptus globulus fruits.
Industrial Crops and Products 89: 167-175. DOL:
<https://doi.org/10.1016/j.indcrop.2016.05.018>.

Bhandari R, Shah GC & Mathela CS (1993) New
constituents of Bothriochloa bladhii. Journal of
Essential Oil Research 5: 325-327.

Rodriguésia 72: e01672019. 2021



Inhibitory activity of South American grasses

Cheema Z, Farooq M & Khaliq A (2013) Application
of allelopathy in crop production: success story
from Pakistan. /n: Cheema ZA, Farooq M & Wahid
A (eds.) Allelopathy. Springer-Verlag, Berlin,
Heidelberg. Pp. 113-143.

Cheng F & Cheng Z (2015) Research progress on
the use of plant allelopathy in agriculture and
the physiological and ecological mechanisms
of allelopathy. Plant Science. DOI: <https://doi.
org/10.3389/fpls.2015.01020>.

Di Rienzo JA, Casanoves F, Balzarini MG, Gonzalez
L, Tablada M & Robledo CW (2018) InfoStat
version 2018. Centro de Transferencia InfoStat,
FCA, Universidad Nacional de Cordoba, Argentina.
Access on <http://www.infostat.com.ar>.

El-Kenany ET & El-Darier SM (2013) Suppression
effects of Lantana camara L. aqueous extracts on
germination efficiency of Phalaris minor Retz. and
Sorghum bicolor L. (Moench). Journal of Taibah
University for Science 7: 64-71.

Fischer NH, Williamson GB, Weidenhamer JD &
Richardson DR (1994). In search of allelopathy in
the Florida scrub: the role of terpenoids. Journal of
Chemical Ecology 20: 1355-1380.

He HB, Wang HB, Fang CX, Lin YY, Zeng CM, Wu LZ,
Guo WC & Lin WX (2009). Herbicidal effects of a
combination of oxygenic terpenoids on Echinochloa
crus-galli. Weed Research 49: 183-192.

Hu FD & Jones RJ (1999) Effects of leachates from
swards of Bothriochloa pertusa and Urochloa
mosambicensis on the growth of four test species,
B. pertusa, U. mosambicensis, Stylosanthes hamata
cv. verano and S. scabra cv. seca and an assessment
of the endophyte status of the grasses. Tropical
Grasslands 33: 122-126.

Hussain F, Naqvi HH & Ilahi I (1982) Interference
exhibited by Cenchrus ciliaris L. and Bothriochloa
pertusa (L.) A. Camus. Bulletin of the Torrey
Botanical Club 109: 513-523.

Jabran K, Mahajan G, Sardana V & Chauhan BS (2015)
Allelopathy for weed control in agricultural
systems. Crop Protection 72: 57-65. DOI: <https://
doi.org/10.1016/j.cropro.2015.03.004>.

Kaul VK & Vats SK (1998) Essential oil composition
of Bothriochloa pertusa and phyletic relationship
in aromatic grasses. Biochemical Systematics and
Ecology 26: 347-356.

Khan MA, Afridi RA, Hashim S, Khattak AM, Ahmad
Z, Wahid F & Chauhan SB (2016) Integrated
effect of allelochemicals and herbicides on
weed suppression and soil microbial activity in
wheat (Triticum aestivum L.). Crop Protection
90: 34-39. DOI: <https://doi.org/10.1016/j.
cropro.2016.08.018>.

7de7

Linde JH, Combrinck S, Regnier TIC & Virijevic S
(2010) Chemical composition and antifungal
activity of the essential oils of Lippia rehmannii
from South Africa. South African Journal of
Botany 76: 37-42. DOLI: <https://doi.org/10.1016/].
$ajb.2009.06.011>.

Macias FA, Mejias FIR & Molinillo JIMG (2019)
Recent advances in allelopathy for weed control:
from knowledge to applications. Pest Management
Science 75: 2413-2436. DOI: <https://doi.
org/10.1002/ps.5355>.

Melkani AB, Mathela CS & Dev B (1984) Constituents
of the essential oil of Bothriochloa bladhii (Retz.)
S.T. Blake. Journal of the Science of Food and
Agriculture 35: 878-880.

Narwal SS (2010) Allelopathy in ecological sustainable
organic agriculture. Allelopathy Journal 25: 51-72.

Pinder AR & Kerr SK (1980) The volatile essential oil
of five Bothriochloa species. Phytochemistry 19:
1871-1873.

Rajjou L, Duval M, Gallardo K, Catusse J, Bally J, Job
C & Job D (2012) Seed germination and vigor.
Annual Review of Plant Biology 63: 507-533.

Rodrigues Carmello C & Cardoso JC (2018) Effects
of plant extracts and sodium hypochlorite on
lettuce germination and inhibition of Cercospora
longissima in vitro. Scientia Horticulturae 234:
245-249,

Scrivanti LR (2010) Allelopathic potential of Bothriochloa
laguroides var. laguroides (DC.) Herter (Poaceae:
andropogoneae). Flora 205: 302-305.

Scrivanti LR & Anton AM (2018) Allelopathic effect
of endemic South American Bothriochloa species
(Poaceae: Andropogoneace). Journal of Essential Oil
Research 31: 247-254. DOI: <https://doi.org/10.10
80/10412905.2018.1563569>.

Scrivanti LR, Anton AM & Zygadlo JA (2009) Essential
oil composition of Bothriochloa Kuntze (Poaceac)
from South America and their chemotaxonomy.
Biochemical Systematics and Ecology 37: 206-213.
DOILI: <https://doi.org/10.1016/j.bse.2009.03.009>.

Scrivanti LR, Anton AM & Zygadlo JA (2011)
Allelopathic potential of South American
Bothriochloa species (Poaceae: andropogoneae).
Allelopathy Journal 28: 189-200.

Sitthinoi P, Lertmongkol S, Chanprasert W & Vajrodaya
S (2017) Allelopathic effects of jungle rice
[Echinochloa colona (L.) Link] extract on seed
germination and seedling growth of rice. Agriculture
and Natural Resources 51: 74-78.

Zalkow LH, Baxter JT, MacClure RJ & Gordan
MM (1980) A phytochemical investigation of
Bothriochloa intermedia. Journal of Natural
Products 43: 598-608.

Area Editor: Dr. Nelson Augusto Santos Jr
Received in September 06, 2019. Accepted in April 25, 2020.

This is an open-access article distributed under the terms of the Creative Commons Attribution License.

Rodriguésia 72: e01672019. 2021



