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ABSTRACT

Secondary metabolites from weeds have potential as
a natural herbicide and are safe for the main crop. This study
aimed to screening secondary metabolites in Mikania micrantha
extract and their effect on the agronomic, physiological and
histological characlicr; of barnyardgrass and lowland
rice. A non-factorial randomized block design was used, with
extract concentrations of Mikania micrantha (0; 20; 40; 60; 80;
100 %) and 2,4-D dimethyl amine herbicide as comparison. The
M. micrantha extract presented flavonoids, tannins, alkaloids
and saponins. The concentration of 20-100 % inhibited the
bamyardgffls growth, but was considered safe for the lowland
rice, and increased the root length and volume, while the
concentration of 60 % increased the number of leaves and

stomatal density in the lowland rice. The concentration of

20-100 % significantly inhibited the root volume, biomass,
SPAD total chlorophyll and growth reduction of barnyardgrass,
and it was classified as an inhibitor. The barnyardgrass tocixity
also increased as the concentration grew from 60 to 100 %.
The M. micrantha extract reduced the barnyardgrass growth by
63.5 %, being close to the percentage presented by the 2,4-D
dimethyl amine (65.6 %).

RESUMO

Efeitos alelopaticos de Mikania
micrantha Kunth em capim-arroz e arroz de planicie

Metabolitos secunddrios de ervas daninhas tém potencial
como herbicida natural e sdo seguros para a cultura principal.
Objetivou-se identificar 0s metabolitos secunddrios em extrato de
Mikania micrantha e o seu efeito nas caracteristicas agrondmicas,
fisiologicas e histologicas de capim-arroz e arroz de planicie.
Utilizou-se delineamento ndo-factorial de blocos casualizados, com
concentragdes de extrato de Mikania micrantha (0; 20; 40; 60; 80;
100 %) e o herbicida 2,4-D de dimetilamina como comparagio. O
extracto de M. micrantha apresentou flavonoides, taninos, alcaloides
e saponinas. A concentragio de 20-100 % inibiu o crescimento do
capim-arroz, mas fol considerada segura para o arroz de planicie,
e aumentou o comprimento e volume das raizes, enquanto a
concentragio de 60 % aumentou o nimero de folhas e a densidade
estomatal no arroz de planicie. A concentragdo de 20-100 % inibiu
significativamente o volume das raizes, biomassa, clorofila total
SPAD e areducio do crescimento do capim-arroz, sendo classificada
como um inibidor. A tocixidade do capim-arroz também aumentou
4 medida que a concentragio elevou-se de 60 para 100 %. O extrato
de M. micrantha reduziu o crescimento do capim-arroz em 63,5 %,
porcentagem proxima d apresentada pela 2,4-D dimetilamina (65,6 %).

KEYWORDS: Echinochloa crus-galli (L.) Beauv, Oryza sativa
L., secondary metabolites.

INTRODUCTION

Rice (Oryza sativa L.) is widely cultivated in
Asia, Latin America and Africa, and is consumed as
a staple food by over 50 % of the world’s population
(Lou et al. 2012). Globally, the rice crop yield will
increase by 42 % to fulfill the projected demand by
2050 (Ray et al. 2013).

PALAVRAS-CHAVE: Echinochloa crus-galli (L.) Beauv, Oryza
sativa L., metabolitos secundarios.

Efficient crop management, such as weed
control, in rice-growing areas is needed to achieve
optimal yield. Previous research showed that the
loss of main crop yield due to the presence of weeds
reached 32 % and was significantly greater than the
effects of pests (18 %) and plant diseases (15 %)
(Van Evert et al. 2017). One of the common weed
species that can reduce rice yield is barnyardgrass
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[Echinochloa crus-galli (L.) Beauv], and Ottis &
Talbert (2007) reported that the loss of rice plants
due to barnyardgrass can attain up t@gg) %. Wilson
etal. (2014) added that the presence of E. crus-galli
at a distance of 40 cm from lowland rice reduced
yields by 27 % and absorbed nitrogen availability by
60-80 %. Travlos et al. (2011) added that a density of
10 plants of £. crusggyli per m* can produce 34,600
seeds. According to Moon etal. (2010), E. crus-galli
sign§fBantly inhibits the number of tillers and reduces
the number of grains, maturity and 1,000-grain
weight of lowland rice.

One of the weed managements for E. crus-galli
in lowland rice fields is spraying herbicides. Although
the use of clgnical herbicides such as 2.4-D dimethyl
amine at a dose of 1 L ha significantly controlled
the total dry weight of Ef¥rus-galli by 67.37 %, it
inhibited the increase of the number of'tillers and the
total dry weight of lowland rice by 3.54 and 58.54 %,
respectively, if compared to the control (Alridiwirsah
et al. 2020a). Therefore, it is necessary to have an
alternative environmentally friendly method of
controlling E. crus-galli through the use of natural
resources as herbicides. According to Tampubolon et
al. (2018), weeds can be used as herbicides which are
abundantly available from agricultural land. Junaedi
et al. (2006) also stated that secondary metabolites
in weeds, such as phenolics, terpenoids, tannins,
alkaloids, steroids, essential oils and polyacetylene,
have allelopathic activity.

Previous research has shown that allelopathic
compounds of weeds can suppress the growth of
the targeted weed, such as bitter vine (Mikania
micrantha Kunth). It was identified that
M. micrantha has phenolic compounds,@gvonoids,
alkaloids and terpenes that influence the growth
of other weeds (Ni et al. 2007). Shao et al. (2005)
discovered a 50 % concentration index value of
dihydromicanolide compounds from M. micrantha
extract in suppressing the growth of Lolium perenne
roots of 230 g mL"".

Althou@Bjt has been proved that M. micrantha
extracts can inhibit the growth of E. crus-galli,
studies on the effects of M. micrantha extracts on
physiology, histology, agronomy of lowland rice
and E. crus-galli have not been reported. Therefore,
this study aimed to screening secondary metabolites
in M. micrantha extra§find determine their effect
on the characteristics of E. crus-galli and lowland
rice.

Alridiwirsah et al. (2022)

MATERIAL AND METHODS

This study was conducted at a farmland in
Padang Bulan Selayang I, Medan Selayang sub-
district, Medan city, Indonesia, from June to October
2021. The barnyardgrass seeds were taken at lowland
rice fields in Padang Bulan, Medan (98°38.601°E and
3°33.560°N). The lowland rice seeds used were the
Inpari 32 variety from the Technical Implementation
Unit of the Seed Supervision and Certification Center
of North Sumatra. The growing media was taken from
therice fields at a depth of 0-20 ¢m, put into a bucket
and flooded for one week.

The planting medium for cultivating the
lowland rice and barnyardgrass seeds was taken
from the bucket and put into a germination tray.
Subsequently, there were 100 seeds of lowland rice
and barnyardgrass sown in each germination tray
and maintained for two weeks after sowing. After
growing to a height of 15 c¢m, the lowland rice
seedlings were transplanted into bucket media at one
seedling per bucket, with the planting placed in the
middle. Subsequently, the barnyardgrass seedlings
were transplanted after 3-4 leaves into a bucket of
five seedlings per bucket, in a position surrounding
the lowland rice (Figure 1).

The Mikania micrantha shoot was taken from
a experimental field in the Universitas Sumatera
Utara, Medan (98°39.214°E and 3°33.467°N), up to
2.367 kg, with 96 % ethanol extracting material (p =
0.789 g cm™ or equivalent to 789 g L'). The total of
distilled water used was one liter and each treatment
was given the agristick adjuvants (Dadang &
Prijono 2011) at a concentration of 2 % (20 mL L),
to maintain the stability of the natural herbicide
formulation.

The screening of M. micrantha secondary
metabolites was conducted using a qualitative method

7:{ Lowland rice
x Bamyardgrass

Figure 1. Position for planting seedlings of lowland rice and
barnyardgrass in the bucket.
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by obtaining 10 mL of the extract (Figure 2) and
analyzing the contents of alkaloids, tannins, saponins,
flavonoids, steroids and triterpenoids. The alkaloid
secondary metabolites were measured by inserting
2 mL of the extract into a test tube, adding 2 drops
of Bouchardat reagent, and waiting for one minute
to obtain a brown precipitate, when the sample was
positive. Furthermore, the flavonoid was measured
by inserting 2 mL of the extract into a test tube, then
adding 2 drops of 5 % FeCl, reagent and waiting for
one minute to achieve a collmdal black, when the
sample was positive.

The screening of saponin was conducted by
soaking the sample with ethanol and putting it in a
test tube. Distilled water and 96 % alcohol reagent
were further added, waiting for one minute to obtain
a foam, for a positive sample. For the measurement of
secondary metabolites for steroids and triterpenoids,
2 mL of the extract were inserted into a test tube,
then 2 drops of Liebermann-Burchard reagent
were added and allowed to stand for one minute, to
achieve a silverring. Furthermore, the measurement
of secondary metabolites for tannins was conducted
by inserting 2 mL of the extract into a test tube and
adding 2 drops of 1 % FeCl, reagent and allowed
to stand for one minute, when the positive sample
changed to colloidal black.

This study used a non-factorial randomized
block design, with concentration factors of
M. micrantha extract such as NH = 0 % (untreated);
NH, =20 % (157.8 g L"); NH, = =40 % (315.6 g L';
NH. =60 % (473.4 g L"); NH, =80 % (631.2 g L);
NH 100 % (789 g L™):; NH = 2,4-D dimethyl
amlne herbicide (720 g a.i. ha ') as a comparison,
with three replications. The application of natural
herbicides from M. micrantha extract and comparison
herbicide were conducted when the barnyardgrass
had 5-6 leaves. Furthermore, a manual spraying was

Ld

100 %
Figure 2. Samples of Mikania micrantha weed ethanol extract
in gualitative secondary metabolite screening tests.

99!

20 % 40 % o0 %

Photo: Koko Tampubolon

conducted at 9:40-10:53 a.m., when the temperature,
humidity, air and spray pressure were 29.3 °C,
88 %, 1,008 hPa and 2-6 kg cm?, respectively.
Basic fertilization was conducted at one week after
transplanting the lowland rice seedlings with NPK
fertilizer, at a dose of 10 g per bucket, which were
sown evenly. Subsequently, they were sprayed with
deltamethrin insecticide (25 g L") to control pests and
propine fungicide (70 %) to control diseases, based
on the recommended dose.

The measured agronomic charagrs of the
lowland rice included phytotoxicity at 2, 7 and
14 days after spraying (DAS), number of leaves at
7-14 DAS, root length and volume, and biomass (roots
and shoots) at 42 DAS. The agronomic characters
for barnyardgrass included phytotoxicity level at
2, 7 and 14 DAS, root length and volume, biomass
(roots and shoots), growth reduction and allelopathic
response index (ARI) at 42 DAS. The measurement
of the phytotoxicity of lowland rice and the weed
toxicity were carried out visually and scored based
on leaf color, as it follows: score 0 = green; score
1 = yellowish-green; score 2 = overall yellow; score
3 = yellow-brown spots; score 4 = brown and shrink
(Alridiwirsah et al. 2020b). The score was calculated
and converted to percentage using the equation:
Phytotoxicity = {[(} leaves x score 4)+ (3 leaves x
3) + (3 leaves x 2) + (¥ leaves x 1))/total number
of leaves} * 100 %. The fresh weight was measured
by cleaning the roots from the soil, then drying for
two hours and weighing with an analytical scale.
Meanwhile, the dry weight measurement was carried
Bt in an oven at 65 °C, for 72 hours, and the weed
growth reduction was measured based on the total
dry weight, using the equation: Growth reduction =
100 - [total dry weight (sprayed)/total dry weight
(control)] x 100 %. The ARI measurement was
based on the shoot dry weight, using the formula by
Williamson & Richardson (1988): ARI = [shoot dry
weight (control)/shoot dry weight (sprayed)] - 1. When
the ARI value is greater than 0, the allelopathic effect
is stimulatory, and ifthe ARI value < 0, the allelopathy
effect is inhibitory (Sunmonu & Van Staden 2014).

The measured histological characters of
lowland rice and barnyardgrass included upper{ffid
lower epidermis, mesophyll and stomata density. The
upper and lower epidermis and the mesophyll tissue
were measured by taking the second leaf at 7 DAS
with a transverse incision, using the paraffin method
(Johansen 1940). The stomata density was measured

e-1SSN 1983-4063 - www.agro.ufg.br/pat - Pesq. Agropec. Trop., Goidnia, v. 52, 71356, 2022




4 Alridiwirsah et al. (2022)

by applying clear nail polish on the underside of
the leaf and allowing it to dry for a few minutes
and applying clear tape. The dried tape was pulled
and placed on the surface of the preparation and the
stomatal density was calculated with a microscope.
The histological images were taken using the
Axiovision 4.8 application, with a magnification of
10 x 10. The physiological characters of lowland rice
and barnyardgrass included the total chlorophyll at
2,7 and 14 DAS. Subsequently, the total chlorophyll
was measured on the second leaf, using a SPAD 502
plus chlorophygfineter. The data of lowland rice and
barnyardgrass were analyzed using Anova, follgjved
by the Duncan’s multiple range test at p < 0.05, using
the IBM SPSS statistics v.20 software.

RESULTS AND DISCUSSION

The results showed that there was not difference
in the compounds from several concentrations of
Mikania micrantha extract (Table 1). The secondary
metabolites from the extract had alkaloids, flavonoids,
saponins and tannins, but steroids and triterpenoids
compounds were not detected. The findings of this
compound in this species have also been reported by
Jyothilakshmi et al. (2015), who found glycosides,
terpenoids, phenolics, alkaloids, steroids, flavonoids
and tannins.

The M. micrantha extracts at any concentration
and the 2.4-D dimethyl amine herbicide significantly
affected the phytotoxicity of lowland rice and
barnyardgrass at 2, 7 and 14 DAS (Figure 3). The
2,4-D dimethyl amine herbicide showed the highest
phytotoxicity in the lowland rice and barmyardgrass
at 14 DAS, when compared to all the extract
concentrations. There was phytotoxicity in the
lowland rice due to exposure to the M. micrantha
extract in the concentration of 20 % at 2 DAS and of
20-40 % at 7 DAS, but all the extract concentrations

(20-100 %) were safe in lowland rice at 14ZEPAS. In
contrast, the weed toxicity of barnyardgrass increased
with the increase in the concentration of 60-100 %
from M. micrantha extracts at 14 DAS (Figure 3B).

The M. micrantha extracts at any concentration
and the 2.4-D dimethyl amine herbicide significantly
affected the number of leaves in lowland rice plants
aged 7-14 DAS (Table 2). The results showed that the
exposure to M. micrantha extract at a concentration
of 60 % increased the number of leaves by 35.0 %,
and the 2,4-D dimethyl amine herbicide inhibited the
leaf growth of the lowland rice by 25.2 % at 14 DAS,
when compared to the control.
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Figure 3. Effect of extract concentrations of Mikania micrantha
and comparison herbicide (2,4-D dimethyl amine) on
the phytotoxicity of lowlandrice (A) and bamyardgrass
(B). Dii’l'erernllers on the graph indicate a significant
effect by the Duncan’s multiple range test at p < 0.05.
DAS: days after spraying.

Table 1. Screening of Mikania micrantha secondary metabolites for different extract concentrations.

Extract concentrations (%)

Secondary metabolites of Mikania micrantha

Alkaloids Flavonoids Saponins Steroids and triterpenoids Tannins
20 + + + - +
40 + + + - +
60 + + + - +
80 + + + - +
100 + + + - +

+: detected; -: not detected.
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Table 2. Effect of extract concentrations of Mikania micrantha
and comparison herbicide (2,4-D dimethyl amine) on
the number of leaves in lowland rice at 7-14 days after

spraying (DAS).
Treatments Number of leaves in lowland rice
Before spraying 7DAS 14 DAS

0% 30.7 37.0+1.0ed 43.7+12bc
20% 36.7 40.0+2.6bcd 45.0+23bc
40 % 363 380+1.0cd 41.0+0.8bc
60 % 527 56.7+22a 590+21a
80 % 46.0 51.7+25ab 52.7+25ab
100 % 40.0 440+ 1.0abec 453+ 1.1bc
24-D 28.3 29.7+05d @ERI+03¢

Different lowercase letters in the column are significant by the Duncan’s multiple
range test at p<= 0,05 + standard error.

The M. micrantha extracts at any concentration
and the 2,4-D dimethyl amine herbicide significantly
[Picted the root volume of bamyardgrass, but were
not significant on the root length and volume of the
lowland rice and root length of the barnyardgrass
(Figure 4). Furthermore, the exposure to M. micrantha
extracts caused a decrease in the root volume of
barnyardgrass from 22.2 to 42.1 % and the 2,4-D
dimethyl amine herbicide by 55.2 %, with the highest
decrease found at the concentration of 100 %. This
indicated that the 100 % exposure to M. micrantha
extracts inhibited the growth and development of the
barnyardgrass roots.

The M. micrantha extracts at any concentration
and the 2,4-D dimethyl amine herbicide significantly
inhibited the bamyardgrass biomass, but were not
significant for the lowland rice biomass (Figure 5).

hermore, the exposure to the extracts caused
a decrease in the root fresh and dry weight of the
barnyardgrass from 58.9 to 71.6 % and 63.4 to
73.2 %, respectively, with the highest decrease at
the concentration of 20 %. This was also observed
in the treatment with the 2,4-D @Aethyl amine
herbicide, which decreased the root fresh and
dry weight of barnyardfffss by 75.4 and 75.9 %,
respectively. There was a decrease in the shoot fresh
and dry weight of barnyardgrass due to the exposure
to the M. micrantha extracts, which ranged 41.6-
62.6and 27.0-60.9 %, respectively, with the highest
decrease at the concentration of 60 %. This was
similar to the treatment with the 2,4-D dimethyl
amine herbicide, which decreased the shoot fresh
and dry weight of barnyardgrass by 57.6 % and
55.3 %, respectively.
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Figure 4. Effect of extract concentrations of Mikania micrantha
and comparison herbicide (2,4-D dimethyl amine) on
root length (A) and root volume of lowland rice and
barnyardgrass (B). Different letters for each species
(lowland rice and barny arass) on the graph indicate
asignificanteffect by the Duncan’s multiple range test
at p=0.05. ns: not significant. The vertical lines on the
graph indicate the standard error.

The M. micrantha extracts atany concentration
and the 2,4-D dimethyl amine herbicide significantly
affected the leaf' stomata density ofthe lowland rice and
barnyardgrass, but were not significant for the upper
and lower epidermis and mesophyll tissue (Table 3;
Figure 6). The extract concentration of 60 % and the
2,4-D dimethyl amine herbicide increased the highest
stomatal density of lowland rice by 96.9 and 91.1 %,
respectively, if compared to the control. However, the
extract concentration of 100 % significantly increased
the stomatal density of the barnyardgrass by 81.7 %,
when compared to the control.

The M. micrantha extracts at any concentration
and the 2,4-D dimethyl amine herbicide significantly
inhibited the total chlorophyll of the barnyardgrass
at 2, 7 and 14 DAS, as well as the total chlorophyll
in the lowland rice at 2 and 14 DAS, but were not
significant at 7 DAS (Figure 7). There was a decrease
in the SPAD total chlorophyll content of the lowland
rice due to exposure to the M. micrantha extracts
ranging from 13.0 to 28.0 %, when compared to the
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Figure 5. Effect of extract concentrations of Mikania micrantha and comparison herbicide (2,4-D dimethyl amine) on root fresh weight
(A), root dry weight (B), shoot fresh weight (C) and shoot dry weight (D) in lowland rice and bamygmss_ Different
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Table 3. Effect of the extract concentrations of Mikania micrantha and comparison herbicide (2,4-D dimethyl amine) on the histological
characteristics of lowland rice and barnyardgrass.

Histological characteristics

Extract concentrations

Lower epidermis

Stomatal density

Upper epidermis Mesophyll (n ')
S thickness (um) S
Lowland rice
0% 435+19ns 28.1+25ns 138.1 £ 6.8 ns T1.1+£08¢
20% 363 +3.0ns 23.6+0.6 ns 137.0£3.5ns 674+28¢
40 % 354+18ns 288+ 1.0 ns 172.4 £ 0.8 ns 1045+21b
60 % 54.7+1.7ns 289426 ns 121.3 £ 10.0 ns 140.0+34a
80 % 41.0+12ns 31.9+3.0ns 164.3+£50ns 669+ 1.6¢
100 % 49.1+49ns 36.7+1.7ns 123.0 £ 8.1 ns 92.0+16b
24-D 59.7+12ns 41.6+2.6 ns 164.8 + 14.0 ns 1359+ 4.0a
Bamyardgrass
0% 443+3.0ns 40.8+3.3 ns 155.6 + 10.6 ns 69.0+24¢
20% 39.9+3.7ns 36.9+4.1 ns 142.9 £ 4.0 ns 66.9+34¢
40 % 442423 ns 252422 ns 170.6 £ 15.6 ns 79.4+29be
60 % 393+23ns 342+ 1.7ns 128.7 2.1 ns 96.2+2.1b
80 % 33.6+0.9ns 241+ 1.8 ns 1094 £ 0.7 ns 64.8+34¢
100 % 293+09ns 248+ 1.6 ns 116.2+39 ns 1254+27a
24-D 42.1+29ns 258+2. 112.7+4.9 ns 564+36¢

Different lowercase letters for each column and species indicate a significant effect by the Duncan’s multiple range test at p < 0,03 + standard error. ns: not significant.
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Barnyardgrass

Lowland Rice

Figure 6. Histological tissue of lowland rice and barnyardgrass
due to exposure to Mikania micrantha extracts and
2,4-D dimethyl amine herbicide.

control, and the highest decrease was observed for
the concentration of 40 % at 14 DAS. The 2.4-D
dimethyl amine herbicide also slightly decreased the
SPAD total chlorophyll content of the lowland rice by
7.5 %. On the other hand, the extract concentrations
of M. micrantha had no effect in decreasing the
SPAD total chlorophyll content for the barnyardgrass
at 2 DAS, but the chlorophyll decreased from 7 to
14 DAS. The highest decrease in total chlorophyll
(28.4 %) was observed at the concentration of
100 % of M. micrantha extract, when compared
to the control at 14 DAS. Furthermore, the 2,4-D
dimethyl amine herbicide also decreased the SPAD
total chlorophyll content for the bamyardgrass by
26.1 % at 14 DAS.

The M. micrantha extracts atany concentration
and the 2,4-D dimethyl amine herbicide significantly
reduced the barnyardgrass growth, and were classi
as inhibitors (Figure 8). The results showed that the
highest growth reduction for the barnyardgrass was
found in the exposure to the herbicide by 65.6 %.
Meanwhile, the ability of the extract to reduce the
barnyardgrass growth ranged from 46.0to0 63.5 %, with
the highest rate for the concentration of 60 %. Also, the
ARI for all the M. micrantha extract concentrations and

*2 DAS a7 DAS # 14 DAS
50 4 = 3
o
zd_- )
TR f § % p 3 % E
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Figure 7. Effect of extract concentrations of Mikania micrantha
and comparison herbicide (2,4-D dimethyl amine)
on SPAD total chlorophyll in lowland rice (A) and
barnyardgrass (B). Different letters for each species
(lowland rice and bamyardgns) on the graph indicate
a significant effect by the Duncan’s multiple range
test at p < 0.05. ns: not significant. The vertical lines
on the graph indicate the standard error. DAS: days
after spraying.

the 2,4-D dimethyl amine herbicide ranged from -0.6
to -0.3. This indicates that the extract concentration of
20-100 % and the herbicide inhibited the growth and
biomass of the bamyardgrass (ARI < 0).

In general, the effect of the M. micrantha
concentration is less toxic or safe for the growth
of lowland rice plants. This is supported by the
concentration of 60 %, which increased the number
of leaves and resulted in the highest stomatal density
@ the lowland rice (Tables 2 and 3). Furthermore,
the length and volume of the lowland rice root at all
the extract concentrations (20-100 %) were higher
than for the control (Figure 4). These parameters
are possibly used as the basis to determine the
mechanism of plant growth disorders due to
allelopathy. According to Chon et afif2005), the
effect of allelopathy is more visible in the inhibition
of root growth than in the shoot, because the roots are
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Figure 8. Effect of extract concentrations of Mikania micrantha
and comparison herbicide (2,4-D dimethyl amine) on
the growth reduction (A) and allelopathic response
index (B) in bamyardgrass. Different lelln on the
graph indicate a significant effect by the Duncan’s
multiple range test at p < 0.05. The vertical lines on
the graph indicate the standard error.

more sensitive to phytotoxic compounds. Similarly,
Li et al. (2010) also emphasized that roots are the
first organs directly related to allelochemistry, and
that the absorption of water and ions is disrupted,
while the accumulation of abscisic acid increases,
thus affecting the stomata opening width and the
photosynthesis process.

The M. micrantha extracts at any concentration
significantly affected the characteristics of the
barnyardgrass weed. The concentration of 60-100 %
increased the toxicity of the bamnyardgrass, and the
20-100 % concentration could inhibit the root volume
growth, biomass (root and shoot) and also the SPAD
total chlorophyll. However, the concentration of
100 % increased the stomatal density by 81.7 %, when
compared to the control. This is due to the contents
of flavonoids, tannins, alkaloids and saponins
from M. micrantha (Table 1) that could inhibit the
chlorophyll biosynthesis and affect the establishment
of'a lower weed biomass, if compared to the control.
Li & Jin (2010) observed that the roots, stem and

leaf extracts from M. micrantha reduced the POD
enzyme activity in Coix lacryma-jobi seedlings by
27,52 and 34 %, respectively. Shajib et al. (2012)
reported that isoflavones played a role as phytotoxic
allelochemicals against Echinochloa crus-galli. Jali
et al. (2021) also stated that the use of M. micrantha
extract up to 200 mg mL"' increased the toxicity to
329 9%, but reduced the root and shoot length, as well
as the biomass, of Macrotvlama uniflorum.

The M. micrantha extracts at any concentration
reduced the growth of the bamyardgrass from 46.0
to 63.5 %, with the highest ability found at 60 %.
Meanwhile, all concentrations from 20 to 100 %
had a negative allelopathic response index, or were
classified as inhibitors (ARI < 0). The highest one
(63.5 %) was close to the effect of the 2,4-D dimethyl
amine (65.6 %). The results obtained are in line with
Ma et al. (2020), who stated that a concentration of
50-400 mg mL' from M. micrantha extract had a
negative allelopathic response index.

The 2,4-D dimethyl amine herbicide had a less
safe impact on the growth of lowland rice plants due
to a higher level of phytotoxicity and a lower number
of leaves, inhibiting the root and shoot growth.
Furthermore, the use of M. micrantha extract is
considered safe for the growth of lowland rice, with
potential to reduce the use of synthetic herbicides
and save costs for farmers.

CONCLUSIONS

1. The Mikania micrantha extract contains flavonoids,
tannins, alkaloids and saponins, and concentrations
of 20-100 % showed to be safer for the growth of
lowland rice than the use of the 2,4-D dimethyl
amine herbicide;

2. The concentration of 60 % resulted in the highest
number of leaves and stomatal density for the
lowland rice, while the concentration of 20-100 %
significantly inhibited the barnyardgrass growth
in the range of 46.0-63.5 %, with a negative
allelopathic response index. Specifically, it
reduced the SPAD total chlorophyll, root volume,
fresh and dry weight of roots and shoots;

3. There was an increase in the weed toxicity of the
barnyardgrass along the concentration increase
from 60 to 100 %;

4. The ability of the Mikania micrantha extract to
reduce the barnyardgrass growth was similar to
that of the 2,4-D dimethyl amine herbicide.

e-ISSN 1983-4063 - wwwagro.ufg.bripat - Pesq. Agropec. Trop., Goidnia, v. 52, e71356, 2022




Allelopathic effects of Mikania micrantha Kunth on barnyardgrass and lowland rice 9

ACKNOWLEDGMENTS

The authors would like to thank the Provincial
Government of Sumatera Utara (Pemerintahan Provinsi
Sumatera Utara) for collaborating with the Universitas
Muhammadiyah Sumatera Utara to funding this study.

REFERENCES
ALRIDIWIRSAH; TAMPUBOLON, K.; SIHOMBING,
F. N.: BARUS, W. A SYOFIA, L: ZULKIFLL T. B. H.;
PURBA, Z. Screening and effectiveness of secondary
metabolites of Mikania micrantha on barnyardgrass weed

and its impact on lowland rice. Agrotechnology Research
Journal, v. 4, n. 2, p. 84-91, 2020a.

ALRIDIWIRSAH; TAMPUBOLON, K.; SIHOMBING, F.

N.: SIBURIAN, E.; PURBA, Z.; WAGINO; SULASTRI,

Y. S.: MANURUNG, I. R.; PRATOMO, B.: KARIM,

S.; SAMOSIR, S. T. @SUPRIYADI: GUSTIANTY, L.

R.; HARAHAP, F. S. Glyphosate potassium salt dosage

efficacy to weed control in guava plants. Asian Journal of
nt Sciences, v. 19, n. 4, p. 487-494, 2020b.

CHON, S. U.; JANG, H. G.; KIM, D. K.; KIM, Y. M.;
BOO, H. O.; KIM, Y. I. Allelopathic potential in lettuce
(Lactuca sativa L.) plants. Scientia Horticulturae, v. 106,
n. 3, p. 309-317, 2005.

DADANG; PRIJONO, D. The development of natural
insecticide formulation technology for holticultural pest
management in order to produce holticultural healty

product. Indonesian Journal of Agricultural Sciences,
16, n. 2, p. 100-111, 2011.

JALL, P.; SAMAL, L. P.; JENA, S.: MAHALIK, G.
Morphological and biochemical responses of Macrotyloma
uniflorum (Lam.) Verdc. to allelopathic effects of Mikania
micrantha Kunth extracts. Helivon,v. 7, n. 8,e07822,2021.

JOHANSEN, D. A. Plant microtechnique. New York:
McGraw-Hill, 1940.

JUNAEDI, A.; CHOZIN, M. A.; KIM, K. H. Current
research status of allelopathy. Hayati Journal of
igsciences, v. 13, n. 2, p. 79-84, 2006.

JYOTHILAKSHMI, M.; JYOTHIS, M.: LATHA, M. S.

Antidermatophytic activity of Mikania micrantha Kunth:

an invasive weed. Pharmacognosy Research, v. 7, suppl.,
20-825, 2015.

LI, J.; JIN, Z. Potential allelopathic effects of Mikania
micrantha on the seed germination and seedling growth
of Coix lacryma-jobi. d Biology and Management,
v. 10, n. 3, p. 194-201, 2010.

LI, Z. H: WANG, Q.; RUAN, X.; PAN, C. D.; JIANG,
D. A. Phenolics and plant allelopathy. Molecules, v. 15,
12, p. 8933-8952, 2010.

LOU, W.; WU, L.; CHEN, H.; JI, Z.; SUN, Y. Assessment
of rice yield loss due to torrential rain: a case study

of Yuhang county, Zhejiang Province, China. Natural
Hazardsgig 60, n. 2, p. 311-320, 2012.

MA, H.; CHEN, Y.; CHEN, J.: ZHANG, Y.; ZHANG, T.;
HE, H. Comparison of allelopathic effects of two typical
invasive plants: Mikania micrantha and Ipomoea cairica
'e Hainan island. Scientific Reports, v. 10, €11332, 2020.

MOON, B. C.; CHO, S. H.: KWON, O. D.; LEE, S. G.:

LEE, B. W. Modelling rice competition with Echinochloa

crus-galli and Eleocharis kuroguwai in transplanted rice

cultivation. Journal of Crop Science and Biotechnology,
3, 1.2, p. 121-126, 2010.

NL G.; LI, F.; CHEN, B.; SONG, L.; PENG, S. Allelopathic
plants 21. Mikania micrantha HBK. Allelopathy Journal,
9, n. 2, p. 287-295, 2007.

OTTIS, B. V.; TALBERT, R. E. Barnyardgrass
(Echinochloa crus-galli) control and rice density effects
on rice yield components. Weed Technology, v. 21, n. 1,

alﬁ-ll& 2007.

RAY, D. K.: MUELLER, N. D.; WEST, P. C.; FOLEY,
J. A. Yield trends are insufficient to double global crop
uction by 2050. PloS One, v. 8, n. 6, e66428, 2013.

SHAJIB, M. T. L; PEDERSEN, H. A.: MORTENSEN, A.

G.; KUDSK, P.; FOMSGAARD, L. S. Phytotoxic effect,

uptake, £E) transformation of biochanin A in selected weed

species. Journal of Agricultural and Food Chemistry, v. 60,
3. p. 10715-10722, 2012.

SHAO, H.; PENG, S.: WEL X.: ZHANG, D.: ZHANG, C.

Potential allelochemicals from an invasive weed Mikania

micrantha HBK. Journal of Chemical Ecology,v.31,n.7,
657-1668, 2005.

SUNMONU, T. O.; VAN STADEN, J. Phytotoxicity
evaluation of six fast-growing tree species in South Africa.
th African Journal of Botany,v. 90, 1. 1, p. 101-106, 2014,

TAMPUBOLON, K.: SIHOMBING, F. N.; PURBA, Z.;

SAMOSIR, S. T. S.; KARIM, S. Potency of secondary

metabolite from weeds as natural pesticides in Indonesia.
dtivasi, v. 17, n. 3, p. 683-693, 2018.

TRAVLOS, 1. S.; ECONOMOU, G.; KANATAS, P. J. Corn

and barnyardgrass competition as influenced by relative

time of weed emergence and corn hybrid. Agronomy
rnal, v. 103, n. 1, p. 1-6, 2011.

VAN EVERT, F. K.; FOUNTAS, S.: JAKOVETIC, D.:

CRNOJEVIC, V.; TRAVLOS, L; KEMPENAAR, C. Big

data for weed control and crop protection. Weed Research,
7.n. 4, p. 218-233, 2017.

WILLIAMSON, G. B.; RICHARDSON, D. Bioassays

for allelopathy: measuring treatment responses with

independent controls. Journal of Chemical Ecology, v. 14,
1, p. 181-187, 1988.

WILSON, M. J.; NORSWORTHY, J. K.; SCOTT,R. C.;
GBUR, E. E. Program approaches to control herbicide-
resistant barnyardgrass (Echinochloa crus-galli) in
midsouthern United States rice. Weed Technology, v. 28,
n. 1, p. 39-46, 2014.

e-1SSN 1983-4063 - www.agro.ufg.br/pat - Pesq. Agropec. Trop., Goidnia, v. 52, 71356, 2022




Allelopathic effects of Mikania micrantha Kunth on
barnyardgrass and lowland rice

ORIGINALITY REPORT

14, . 14s

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Nair G. Sarath, Asseema Manzil Shackira, Jos
T. Puthur. " Adaptive physio-anatomical
modulations and ionomics of L. in response
to NaCl ", International Journal of
Phytoremediation, 2023

Publication

(K

Yan Zhao, Yue Li, Yan Jin, Tao Cui, Sen Wang,
Fanlong Kong. "The inhibitory effects of Ulva
prolifera extracts on early growth of Spartina
alterniflora and the underlying mechanisms",
Journal of Environmental Management, 2022

Publication

(K

Alridiwirsah ., Koko Tampubolon, Fransisca
Natalia Si, Elseria Siburian et al. "Glyphosate
Potassium Salt Dosage Efficacy to Weed
Control in Guava Plants", Asian Journal of
Plant Sciences, 2020

Publication

(K

Koko Tampubolon, Alridiwirsah Alridiwirsah,
Novilda Elizabeth Mustamu. "Ekologi,

(K



Kerugian, dan Pengelolaan Gulma Jajagoan
(Echinochloa crus-galli) Resisten Herbisida
pada Pertanaman Padi Sawah: Review",
Agrinula : Jurnal Agroteknologi dan
Perkebunan, 2019

Publication

Wan Arfiani Barus, Koko Tampubolon, 1 o
Alridiwirsah Alridiwirsah, Tengku Boumedine °
Hamid Zulkifli et al. "Seedlings and Vegetative

Stage of Red Rice as Affected by Induction
Gamma-Rays under Saline Stress", Acta

Universitatis Agriculturae et Silviculturae

Mendelianae Brunensis, 2023

Publication

Josiane de Fatima Gaspari Dias, Obdulio 1 y
Gomes Miguel, Marilis Dallarmi Miguel. °
"Composition of essential oil and allelopathic

activity of aromatic water of Aster lanceolatus

Willd: (Asteraceae)", Brazilian Journal of
Pharmaceutical Sciences, 2009

Publication

Pankaj Singh, Gaurav Agrawal. "Efficacy of 1 o
weather index insurance for mitigation of °
weather risks in agriculture", International

Journal of Ethics and Systems, 2019

Publication

Woongchan Jeon, Kwansoo Kim. "Optimal <1 o
Weed Control Strategies in Rice Production °



under Dynamic and Static Decision Rules in
South Korea", Sustainability, 2017

Publication

n Shicai Shen, Gaofeng Xu, Diyu Li, David Roy <1 o
Clements et al. "Allelopathic Effects of Three ’
Sweet Potato Cultivars (Ipomoea batatas) on
the Invasive Plant Mikania micrantha",

Pakistan Journal of Biological Sciences, 2018
Publication

Dirk Selmar, Alzahraa Radwan, Tahani Hijazin, <1 o
Sara Abouzeid et al. "Horizontal Natural
Product Transfer: Intriguing Insights into a
Newly Discovered Phenomenon", Journal of
Agricultural and Food Chemistry, 2019
Publication

"Book of Abstracts International Conference <1 o
on Agriculture, Environment, and Food ’
Security 2017 (AEFS) 2017", IOP Conference
Series: Earth and Environmental Science, 2018
Publication

Haberl, Helmut, Karl-Heinz Erb, Fridolin <1 o
Krausmann, Steve Running, Timothy D ’
Searchinger, and W Kolby Smith. "Bioenergy:
how much can we expect for 2050?",

Environmental Research Letters, 2013.
Publication
J.F. SUN, Q.J. LIANG, N. WU, Q. JAVED, P. <1 o

HUANG, D.L. DU. "ALLELOPATHIC EFFECTS OF



AQUEOUS EXTRACTS FROM DIFFERENT
PLANT PARTS OF CANADA GOLDENROD
(SOLIDAGO CANADENSIS L.) ON SEED
GERMINATION AND SEEDLING GROWTH OF
KOREAN LAWNGRASS (ZOYSIA JAPONICA
STEUD.)", Applied Ecology and Environmental
Research, 2022

Publication

Angela Pawlowski, Camila de Abreu Kuzey,
Kailany Panerai de Bastos, Thalia Preussler
Birck, Eliane Regina da Silva. "POTENCIAL
ALELOPATICO DOS OLEOS ESSENCIAIS DE
CAPIM-LIMAO, CITRONELA E LAVANDA",
Editora Cientifica Digital, 2021

Publication

<1%

Zhaoyu Zhai, José Fernan Martinez, Victoria
Beltran, Néstor Lucas Martinez. "Decision
support systems for agriculture 4.0: Survey
and challenges", Computers and Electronics
in Agriculture, 2020

Publication

<1%

M. Iftikhar Hussain, Mohamed A. El-Sheikh,
Manuel J. Reigosa. "Allelopathic Potential of
Aqueous Extract from Acacia melanoxylon R.
Br. on Lactuca sativa", Plants, 2020

Publication

<1%

Qiang Wang. "Ecological explanations for
successful invasion of exotic plants", Frontiers

<1%



of Biology in China, 05/26/2009

Publication

I. F. Silva, E. A. Vieira. " Phytotoxic potential of <1 o
(L.) Link extracts on seed germination and °
oxidative stress of Ipé seedlings ", Plant
Biology, 2019
Publication

Martina Huber, Magdalena M. Julkowska, L. <1 o
Basten Snoek, Hans van Veen et al. "Towards
increased shading capacity: A combined
phenotypic and genetic analysis of rice shoot
architecture", PLANTS, PEOPLE, PLANET, 2023
Publication

S.B. Kaab, 1.B. Rebey, M. Hanafi, KM. Hammi, <1 o
A. Smaoui, M.L. Fauconnier, C. De Clerck, M.H. ’
Jijakli, R. Ksouri. "Screening of Tunisian plant
extracts for herbicidal activity and
formulation of a bioherbicide based on
Cynara cardunculus”, South African Journal of
Botany, 2020
Publication

Senbayram, Mehmet, Merle Trankner, Klaus <1 o

Dittert, and Holger Bruck. "Daytime leaf water
use efficiency does not explain the
relationship between plant N status and
biomass water-use efficiency of tobacco
under non-limiting water supply", Journal of
Plant Nutrition and Soil Science, 2015.

Publication



Heena Kauser, Subhradip Pal, Izharul Haq, <1 o
Meena Khwairakpam. "Evaluation of rotary ’
drum composting for the management of
invasive weed Mikania micrantha Kunth and
its toxicity assessment”, Bioresource
Technology, 2020
Publication

Alexander T. Velasco, Somar Israel D. <1

_ %
Fernando, Khristina G. Judan Cruz. "lasR/rhIR
Expression Linked to Quorum Sensing-
Mediated Biofilm Formation in Pseudomonas
aeruginosa Using Gold Nanoparticles
Synthesized with Ethnobotanical Extracts",
BioNanoScience, 2020
Publication
Nica, N.. "Nuclear Data Sheets for A = 140", <1
%
Nuclear Data Sheets, 200707
Publication
Y.SanathK. De Silva, Uma Maheswari <1 o

Rajagopalan, Hirofumi Kadono, Danyang Li.
"Positive and negative phenotyping of
increasing Zn concentrations by Biospeckle
Optical Coherence Tomography in speedy
monitoring on lentil (Lens culinaris) seed
germination and seedling growth", Plant
Stress, 2021

Publication




Dimas Frananta Simatupang, Ing Mayfa
. L <l%
Situmorang, Hendra Saputra. "Identifikasi
Gulma Sembung Rambat Berbasis
Molekuler", Justek : Jurnal Sains dan
Teknologi, 2023
Publication
L Sidauruk, E Panj.aitan, P.Si.payung, S | <1 o
Hutauruk. "Botanical pesticides, a potential
ethnobotany Karo Regency to support food
safety of the horticultural product”, IOP
Conference Series: Earth and Environmental
Science, 2022
Publication
Tahir Hussain Awan, Bhagirath Si.ngh | <1 o
Chauhan. "Effect of emergence time, inter-
and intra-specific competition on growth and
fecundity of Echinochloa crus-galli in dry-
seeded rice", Crop Protection, 2016
Publication
Ton Duc Thang Universit
Publication g y <1 %
Iswanty Ilham, Cornelia. M.A. Wattimena, L <1 o

Pelupessy. "Pengaruh Pemberian Biopestisida
Terhadap Jenis Hama yang Menyerang
Tanaman Tumpang Sari Sawi Sendok
(Brassica rapa L.)", MAKILA, 2021

Publication




Byeong Chul Moon, Seung Hyun Cho, Oh Do
Kwon, Sun Gye Lee, Byun Woo Lee, Do Soon
Kim. "Modelling rice competition with
Echinochloa crus-galli and Eleocharis
kuroguwai in transplanted rice cultivation"”,
Journal of Crop Science and Biotechnology,
2010

Publication

<1%

Chu-Yu Ye, Zhangxiang Lin, Gengmi Li, Ying-
Ying Wang et al. "Echinochloa Chloroplast
Genomes: Insights into the Evolution and
Taxonomic Identification of Two Weedy
Species”, PLoS ONE, 2014

Publication

<1%

Alasse Oliveira da Silva. "Uso de
microrganismos promotores de crescimento
na producao, qualidade e bioquimica de
microverdes de hortalicas em ambiente >i/i<",
Universidade de Sao Paulo. Agéncia de
Bibliotecas e Colec¢6es Digitais, 2023

Publication

<1%

Jong-Seok Song, Yong Seog Park, Min-Won
Park, Jeong Deug Lee, Do-Soon Kim.
"Selectivity of Tefuryltrione between Rice and
Eleocharis kuroguwai", Weed & Turfgrass
Science, 2016

Publication

<1%




S. BARMAN, A. GANGULY, A. BARMAN.
"CONFIGURATION AND POLARIZATION
DEPENDENT TRANSVERSE DOMAIN WALL
MOTION AND DOMAIN WALL SWITCHING IN
FERROMAGNETIC NANOWIRE", SPIN, 2013

Publication

<1%

Guangyan Ni, Ping Zhao, Qiaogiao Huang,
Liwei Zhu, Yuping Hou, Yina Yu, Youhua Ye,
Lei Ouyang. "Mikania micrantha invasion
enhances the carbon (C) transfer from plant
to soil and mediates the soil C utilization
through altering microbial community",
Science of The Total Environment, 2020

Publication

<1%

Jie Xiang, Laura H. Vickers, Martin C. Hare,
Peter S. Kettlewell. "Increasing the
concentration of film antitranspirant
increases yields of rapeseed under terminal
drought by improving plant water status",
Agricultural Water Management, 2023

Publication

<1%

Rui-Long Wang, Christian Staehelin, Shao-Lin
Peng, Wen-Tian Wang, Xi-Mei Xie, Hui-Ning
Lu. "Responses of Mikania micrantha, an
Invasive Weed to Elevated CO2: Induction of
B-Caryophyllene Synthase, Changes in
Emission Capability and Allelopathic Potential

<1%



of B-Caryophyllene", Journal of Chemical
Ecology, 2010

Publication

T.C. Pane, B.T. Rumaijuk, T. Supriana, M. <1 o
Khaligi. " Marketing efficiency perspective of °
sustainable agroforestry in Humbang
Hasundutan Regency ", E3S Web of
Conferences, 2023
Publication

Alwine J@hne, Claudia Fritzen, Gottfried <1 y
Weissenb@ck. "Chalcone synthase and °
flavonoid products in primary-leaf tissues of
rye and maize", Planta, 1993
Publication

Manoel Bandeira Albuquerque. "Allelopathy, <1 o
an alternative tool to improve cropping °
systems. A review", Agronomy for
Sustainable Development, 04/2011
Publication

T B H Zulkifli, Y Hasanah. "Growth and yield <1 o
characteristics of soybean on the usage of °
several varieties and fertilizers N, P, K in tidal
lowland", IOP Conference Series: Earth and
Environmental Science, 2021
Publication

Attard, E., X. Le Roux, X. Charrier, O. Delfosse, <1 0%

N. Guillaumaud, G. Lemaire, and S. Recous.
"Delayed and asymmetric responses of soil C



pools and N fluxes to grassland/cropland
conversions", Soil Biology and Biochemistry,
2016.

Publication

Balduyck, B.. "Quality of life evolution after <1 o
lung cancer surgery: A prospective study in ’
100 patients"”, Lung Cancer, 200706
Publication

Jinggian Xie, Ming Chu, Lu Zhao, Kai Liu, <1 o
Weiping Liu. "Enantiomeric impacts of two
amide chiral herbicides on Echinochloa crus-
galli physiology and gene transcription”,
Science of The Total Environment, 2019
Publication

Mona M. G. Saad, Neama A. A. Gouda, Samir <1 o
A. M. Abdelgaleil. " Bioherbicidal activity of ’
terpenes and phenylpropenes against ",
Journal of Environmental Science and Health,
Part B, 2019
Publication

Claudia Marchesi, Bhagirath S. Chauhan. "The <1 o

efficacy of chemical options to control
Echinochloa crus-galli in dry-seeded rice
under alternative irrigation management and
field layout", Crop Protection, 2018

Publication




Exclude quotes Off Exclude matches Off
Exclude bibliography Off



