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Abstract: This study aimed to evaluate the herbicidal activity of ethyl acetate leaf extract of Ageratum
conyzoides L. at different subfractions on Amaranthus spinosus L. The leaves of A. conyzoides were
sequentially extracted with n-hexane and ethyl acetate respectively and fractionated by chromatog-
raphy column. The extracts were applied to A. spinosus in pot assays at a concentration of 5%,
10% and 15%. We applied A synthetic herbicide (2,4-D at 0.686 kg a.i. ha−1) for positive control
and distilled water for negative control. The A. conyzoides extracts strongly differed in their effect
on weed control, shoot and root dry weight and root length of A. spinosus. The most inhibition
on A. spinosus growth caused by application of ethyl acetate of A. conyzoides extracts subfraction
A by 10% concentration can cause 100% destruction and subfraction B were 95% which both of
them cause strongest death on A. spinosus compared with synthetic herbicide (2, 4-D) (23.33%) at
1 Day After Application, while subfraction C and D were not effective. Main constituents identi-
fied by GC-MS in subfraction A extract were tetradecanoic acid, ethyl ester (10.26%), precocene II
(9.39%), octadecanal (8.23%), 9,12,15-octatadecatrienoic, methyl ester (7.32%), 10-heneicosene (c,t)
(5.19%) and neophytadiene (5.09%); in subfraction B were 1-octadecyne (38.57%), phytol (11.24%),
di-tert-utylphosphine-d (5.17%) and 1-hexadecine (4.08%); in subfraction C were allobarbital (8.53%),
octadecanal (12.69%), and bannamurpanin (26.01%) and octadecanal (30.52%), bannamurpanin
(24.06%), 1,8-cineole (15.75%), trans-dodec-5enal (12.28%) and phytol (8.26%) in subfraction D. The
ethyl acetate extract subfraction A and B concentration 10% proved the promising control agent
against A. spinosus.

Keywords: Ageratum conyzoides; allelopathy; Amaranthus spinosus; bioherbicide; subfraction ethyl
acetate; precocene II

1. Introduction

Weed suppress crop growth and development. They generate yield reductions usually
higher than those caused by disease, pests and insects [1] such as in edible starch grains
(maize, rice) and legume family (peanut, mung bean, soybean). The main choice in control-
ling weeds is still the application of synthetic chemical herbicide due to its effectiveness to
control the weeds. However, continuous application of such synthetic chemical herbicide
tends to create a negative impact on soil [2], weeds resistance to herbicide [3,4], poison to
non-targeted organisms, disturb ecology as a whole and leave chemical residues on the
environment [5]. It requires effective and efficient control as alternative ways which are
environmentally safe. Some efforts have been made to explore the herbicidal potential of
plants derived compounds (allelochemicals) [6,7]. Allelopathy refers to the beneficial or
harmful effects of one plant on another plant, both crop and weed species, from the release
of biochemicals, known as allelopath or allelochemicals, from plant parts by leaching, root
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exudation, volatilisation, residue decomposition and other processes in both natural and
agricultural systems [8]. Results of study about allelopathic screening of five perennials
plants species (Pinus merkusii Jungh. et de Vriese, Acacia mangium Willd., Jatropha curcas L.,
Tectona grandis L.f., Terminalia catappa L.) and weed species (Imperata cylindrica L., Ageratum
conyzoides L., Cyperus rotundus L., Chromolaena odorata L. and Axonopus compressus (Swartz)
Beauv). against the growth of Amaranthus spinosus L. showed that A. conyzoides (billygoat;
Asteraceae) had the strongest bioherbicidal potential [9,10]. The methanol A. conyzoides
extract at 20% completely suppressed A. spinosus growth 7 days after its application (DAA).
This effect was similar to that observed for a synthetic herbicide (2,4-dichlorophenoxy-
acetic acid) applied at 0.686 kg a.i. ha−1 [10]. Main constituents identified by GC-MS in
methanol extract of A. conyzoides were precocene II (28.52%), ethanone, 1-(7-hydroxy-5-
methoxy-2,2-dimethyl-2h-1-benzopyran-6-yl)-(11.13%), dibutylphthalate (10.64%) and 1-
acetonaphthonehone, 2-hydroxy-4-methoxy-(10.46%). A. conyzoides (Figure 1) is an annual
invasive weed native of tropical America and has now naturalized worldwide, particularly
in Southeast Asia including India, China, Japan, Indonesia and Korea [11,12]. In Indonesia,
this weed is commonly found in crop fields, yards, roadsides and water edges [13]. Sev-
eral reports indicate that A. conyzoides produces a set of allelochemicals exerting a strong
allelopathic effect on crop plants. The phenolics present in its leaf extracts and residues
negatively interfere with growth and development of wheat crop [14]. Phenolics release as
root exudates and A. conyzoides residues suppressed the growth of rice (Oryza sativa L.) [15].
Both the volatile oil and the aqueous extract of A. conyzoides were allelopathic to many
crops including radish, mungbean and ryegrass [16]. According to Harborne (1998), in
isolating allelochemical compounds, it is necessary to use certain solvents according to the
properties of the desired compound [17]. Differences in solvent polarity result in different
amounts and types of allelochemical compounds obtained. Our previous findings, using
bio guided fractionation, showed that the extraction of A. conyzoides leaves in using the
maceration method and fractionated with different polarity solvents consisting of n-hexane,
ethyl acetate, and methanol showed that ethyl acetate extract of A. conyzoides fraction
had the strongest post-emergence herbicidal effects on A. spinosus. Twenty-one days after
application, the ethyl acetate extract was applied at a concentration of 20% to completely
controlled the A. spinosus similar to 2,4-D at 0.686 kg a.i. ha−1. Main compounds identi-
fied by GC-MS in ethyl acetate extract were precocene II (59.22%), neophytadiene 14.94%,
methyl linolenate (14.13%) and phytol (8.24%). Based on this research, we conducted
the following research to study the potency of herbicides at the subfraction level of ethyl
acetate extract on the growth of A. spinosus weed.

Figure 1. Blooming Ageratum conyzoides L. (A), and (B) Whole aerial Part.

The essential aspect of the bioassay test is to detect the allelopathic action of com-
pounds on target species [18,19]. In this study spiny amaranth (Amaranthus spinosus L.)
was selected as the target plant, due to its fast uniform germination and sensitivity and its
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active competitor with crops [20,21]. This work aimed to test the herbicidal activity of the
ethyl acetate leaf extracts of A. conyzoides at different subfractions against A. spinosus.

2. Materials and Methods
2.1. Place and Time

The study was conducted from April to July 2020 in the Laboratory of Biology, Chem-
istry and Weed Science, Syiah Kuala University (USK), Province of Aceh-Indonesia and
Organic Chemistry Laboratory, Gadjah Mada University (UGM), Yogjakarta-Indonesia.
Pot studies in screen house were done in Experimental Farm, Faculty of Agriculture, Syiah
Kuala University (USK) (95◦22′34, 49◦ T longitude, 5◦34′3, 44◦ U latitudes), altitude: 3 m
above sea level, Annual rainfall: 1.241.5 mm with an average temperature: 27.52 ◦C.

2.2. Experimental Design

This research applied a completely randomized design (CRD) non-factorial pattern
with 14 treatments consisting of ethyl acetate extracts of A. conyzoides subfractions A, B, C
and D at concentrations 5, 10 and 15, negative control (distilled water) and positive control
(2,4-Dat 0.686 kg a.i. ha−1) with 3 replications.

2.3. Preparation of Plant Extract and Seed Source of A. spinosus

A. conyzoides leaves were obtained from Indrapuri district, Aceh Besar. The A. spinosus
seeds were collected from Meunasah Gle, Sigli, Pidie. Both plants were identified by
Mr Suwarno, Botanist. We used 30 kg of dry leaf of A. conyzoides to obtain 300 g extract.
The amount of n-hexane solvent needed was 80 L and the amount of ethyl acetate solvent
was 90 L. The A. conyzoides leaves were dried for 2-weeks at room temperature and ground.
The ground leaves (30 kg) were left for 1 h in 1 L ammonia. Then, they were sequentially
extracted 8 times with n-hexane, 9 times with ethyl acetate. Each extraction was done
with 10 L of solvent and lasted 3 days. At the end of extraction with each solvent, the
organic fractions recovered were filtered, combined and evaporated to dryness in a rotary
evaporator [17].

2.4. Fractionation

The fractionation of concentrated ethyl acetate extract was carried out using column
chromatography. Cotton was put into the bottom column and sand was heated and sieved
using a 12 mesh sieve. Then 350 g silica gel was added which had been soaked for about
1 × 24 h with n-hexane solution, added sand on top of it and poured the extract that had
been rotated as much as 100 g. The extract that had been poured was managed to go down
slowly and then put into the solvent of n-hexane: ethyl acetate at a ratio of 9:1 by keeping
no air bubbles in the static phase. Then the column faucet was slowly opened so that the
eluent will flow, the normal droplet was as much as 15 drops per minute. Each fraction
released was accommodated in a 100 mL bottle. Each fraction was carried out by TLC with
the eluent n-hexane: ethyl acetate (9:1) and the same pattern was joined together [17]. The
results of combining were based on the staining pattern on the TLC plate and after that, we
obtained four subfractions, namely A, B, C and D. The dry residues of the ethyl acetate
extracts were suspended in distilled water to prepare concentrations of 5, 10 and 15%.

2.5. Pot Culture

The soil was collected up to 20 cm depth from Lampakuk Village, Aceh Besar. The soil
was dried for 7-days, sieved to remove the plant remains. In each plastic pot (16 cm dia,
13 cm depth) 1.0 kg soil was added. Unsterilized seeds of A. spinosus seeds were soaked
in water for 2 h and 5 seeds were sown per pot at 2 cm depth on 4 June 2020. Seven days
after sowing, thinning was done to keep one healthy plant per pot. After 21 days of sowing
(25 June 2020), the plants were foliar sprayed (15 mL per pot) either with water or plant
extract as per treatments. The pots were irrigated twice daily with 200 mL tap water.
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Growth parameters of A. spinosus (weed control (%), dry shoot and root weight, root
length) were recorded 7, 14, 21 and 28 days after application (DAA). The weed control
(%) of A. spinosus was assessed based on 5-observations using 0–100 rating system (Table
1). Dry weights of shoots and roots were recorded after oven drying at 60 ◦C or 48 h
until achieving constant dry weight. The root length was measured after washing with
tap water.

Table 1. Rating system used to assess weed control [22].

Effects Rating Effects Description

No effect 0 No weed control
No crop reduction or injury

Slight

10
Very poor weed control

Slight crop discolouration or stunting
Poor weed control

20 Some crop discolouration. Stunting. or stand loss
Poor to deficient weed control

30 Crop injury more pronounced. but not lasting

Moderate

40 Deficient weed control
Moderate injury. crop usually recovers

50 Deficient to moderate weed control
Crop injury more lasting. recovery doubtful

60 Moderate weed control
Lasting crop injury no recovery

Severe

70 Weed control somewhat less than satisfactory
Heavy crop injury and stand loss

80 Satisfactory to good weed control
Crop nearly destroyed. A few surviving plants

90 Very good to excellent weed control
Only occasional live crop plants left

Complete effect 100 Complete weed destruction
Complete crop destruction

2.6. GC-MS Analysis

The characteristics of GC-MS used were Shimadzu brand with type QP2010S, injec-
tor temperature 280 ◦C, injector slipt mode, 1 min sampling time, column temperature
40–270 ◦C with an initial temperature setting of 40 ◦C for 5 min, and for 10 min to reach
a temperature of 270 ◦C (23 ◦C/min) held for 60 min so that the total program time was
88 min, the detector temperature was 280 ◦C, the temperature interval was 250 ◦C, the
carrier gas was He, the main pressure was 500–900, pressure flow control mode, pressure
10.9 Kpa, total flow 58.8 mL/m, column flow 0.55 mL/m, linear acceleration 26.0 cm/s,
cleaning flow 3.0 mL/m, separation ratio 99.8, Rtx-5MS column type, column length of
30.00 m, the thickness of 0.25 µm, the diameter of 0.25 mm, and type of El (Electron Impact)
ionization was 70 eV. Compounds were identified based on their retention times and
matching of their mass spectra with those of the Willey- NIST library. They were quantified
according to their relative areas.

2.7. Data Analysis

All Data were subjected to analysis of variance (F test) and Duncan’s new multiple
range test at a 5% probability level. The analyses were performed using the SPSS version
16 (SPSS Inc., Chicago, IL, USA).
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3. Results and Discussion
3.1. Weed Control

The ethyl acetate A. conyzoides subfraction A extract concentration of 10% gave a com-
plete effect caused A. spinosus mortality (100%), followed by the application of A. conyzoides
ethyl acetate subfraction B extract with 10% concentration (95% inhibition with severe
influence) at 1 DAA (Figure 2). Field observations showed that the reaction immediately
occurred after the application of ethyl acetate subfraction A extract, started with the tight
surface of leaves, yellowing, dry, curling down and subsequent leaf loss, followed by the
stem and all parts of A. spinosus turned into brown like burning and finally die within
1 DAA. While the application of 2,4-D cause phytotoxicity 23.33% at 1 DAA and cause
80% inhibition at 14 DAA and die at 21 DAA. These phytotoxic symptoms differed 2,4-D
herbicide which not only generated leaf chlorosis but also stem fall and turned into brown
like burning. Figure 2 also showed that the application of ethyl acetate extract subfraction
C and D concentrations of 10% did not cause weed mortality (10% inhibition and 0%,
respectively) at 21 DAA, had a similar percentage of weed control with distilled water
application (0%)). The ethyl acetate subfraction C and D extract concentration 10% at
21 DAA were completely inactive reinforcing the idea that it contained low levels, did not
contain phytotoxic compounds or antagonistic effect. This antagonistic is in accordance
with the statement by Rice (1984) that the nature of the chemical compounds that interact
can be additive, synergistic and antagonistic [8]. Various responses occurred because of
higher concentrations and selective properties of allelochemical effect on target plants [20].
Generally, Figure 2 also showed the higher concentration given to A. spinosus, the higher the
value of A. spinosus weed control percentage. However, control was somewhat inconsistent
with respect to the concentration tested with inhibition of about 100% at a concentration of
10% and 91.11% at a concentration of 15% at 14 DAA on application subfraction A. This
bias was likely due to the unexpected variation of environmental factors such as light,
CO2, temperature, soil moisture, relative humidity, rainfall or wind, acting during or after
extract spraying [23]. Environmental factors can impact the effectiveness of plant extracts
applied in post-emergence directly by altering penetration and translocation mechanisms
or indirectly through modifications in the weed physiological stage [24].

Figure 2. Effects of ethyl acetate extracts of A. conyzoides at different subfraction (sf) at 1 DAA and
21 DAA on weed control (%) of A. spinosus.

3.2. Shoot Dry Weight, Root Dry Weight and Root Length

The ethyl acetate A. conyzoides extracts strongly differed in their effect on shoot dry
weight of A. spinosus and these differences depended of both the extract and concentrations
applied (Figure 3). Shoot dry weight exposed by ethyl acetate A. conyzoides subfraction
A extract concentration 10% caused mortality of A. spinosus with 100% inhibition and
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subfraction B concentration 10% with 95% inhibition and concentration 15% with 100%
inhibition at 1 DAA. This was because allelochemicals compounds contained in the extract
of A. conyzoides can inhibit hormonal activity. Allelochemical absorption usually impairs
physiological processes such as transpiration, photosynthesis and respiration which in turn
lead to inhibit hormonal activity so that cell division and elongation in the shoot areas was
inhibited [25]. The shoot dry weight of water-sprayed plants (distilled water) of A. spinosus
increased with time until it reached 10.51 g at 28 DAA. It follows the same trend in plants
exposed to the ethyl acetate extracts subfraction B tested at 5% and subfraction C and D at
all concentrations. Although some of the main compounds contained in the ethyl acetate
extract of A. conyzoides subfraction C and D include secondary metabolites that generally
can inhibit plant growth, in this study some increase plant growth. This is in line with that
allelochemicals stimulate or inhibit plant growth depending on concentration and target
plants or can be additive, synergistic and antagonistic [26–29].

Figure 3. Effect of ethyl acetate A. conyzoides extracts at different subfractions on shoot dry weight of
A. spinosus at 21 DAA.

Figure 3 showed that A. spinosus exposed by ethyl acetate extracts subfraction A and
B concentration 10% caused the highest inhibition (100% inhibition) and subfraction D
concentration 5% had the lowest dry shoot weight (3.10% inhibition) followed by subfrac-
tion C concentration 5% (6.52% inhibition) and subfraction D concentration 10% (7.18%
inhibition) over control (distilled water) at 21 DAA. At last observation (28 DAA) showed
that A. spinosus exposed by ethyl acetate extracts subfraction D concentration 10% had the
highest dry shoot weight (1.14% stimulation) over control.

In the case of the root dry weights (Figure 4), A. spinosus plants treated with ethyl ac-
etate A. conyzoides subfraction A and B concentration 10–15% were absent at 21 DAA (both
100% inhibition) because they were die at 1 DAA after application. Figure 4 also showed
that the lowest A. spinosus plants treated with ethyl acetate A. conyzoides subfraction D con-
centration 5% reached a maximum dry root weight (57.93% stimulation) and concentration
10% reached 28.78% stimulation over control at last observation (28 DAA). It follows the
same trend in plants exposed to subfraction D concentration 10% (28.78%), subfraction
C concentration 5% (8.11% stimulation) and concentration 15% (11.8% stimulation) over
control (distilled water).
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Figure 4. Effect of ethyl acetate A. conyzoides extract at different subfractions on root dry weight of
A. spinosus at 21 DAA.

In the case of root length (Figure 5), there were inhibitory and stimulatory growth
plants. Plants exposed to the ethyl acetate A. conyzoides extract subfraction A and B concen-
tration 10–15% were absent at 21 DAA because they would die at 1 DAA. A. spinosus plants
treated with ethyl acetate A. conyzoides sub-fraction B concentration 5% reached a maximum
root length (10.55% stimulation), and it was similar in plants exposed to subfraction C
concentration 5% (9.60% stimulation). There were absences and decreases in dry weight
generated by the ethyl acetate A. conyzoides subfraction A and subfraction B extract on
roots, shoots and root length confirm that the A. spinosus plants were restricted in their
production of organic matter. This was due to allelochemical compounds contained in sub-
fractions A and B that can inhibit hormonal activity so that cell division and elongation in
the shoot and root areas were inhibited. Allelochemical compounds at high concentrations
can inhibit the formation of nucleic acids, proteins and adenosine triphosphate (ATP). If
ATP was reduced, cell metabolism will also be reduced [8].

Figure 5. Effect of ethyl acetate A. conyzoides extracts at different subfractions on root length of
A. spinosus at 21 DAA.
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3.3. GC-MS Analyses of the Extracts

Major constituents identified in the ethyl acetate A. conyzoides extracts subfraction A
are presented in Table 2. The GC-MS analysis indicated that ethyl acetate A. conyzoides
extracts subfraction A contained mainly tetradecanoic acid, ethyl ester (10.26%) followed
by precocene II (9.39%) (phenolic), octadecanal (8.23%) (steroid), 9,12,15-octadecatrienoic
acid, methyl ester (7.32%) (fatty acids), neophytadiene (5.09%) (terpenoids), 10-heneicosene
(c, t) (5.19%), 2-pentadecanone (3.68%), and 2,6,10,15,19,23 hexamethyl- (squalene) (3.63%)
(triterpenes). These compounds participated with 52.79% of the total composition inte-
grated by GC-MS and likely were involved in the complete effect of phytotoxicity observed
for the ethyl acetate subfraction A extract on A. spinosus either acting alone or exerting a
synergistic. From our previous finding, we have found ethyl acetate A. conyzoides fraction
in precocene II (16.63%) and neophytadiene (14.94%). Precocene II, a methoxy derivative of
2,2-dimethylchromene, is usually in high concentrations in the essential oils from the aerial
parts of A. conyzoides (Chahal et al., 2021). It is a wide- spectrum antifungal agent, with
allatocidal and insect-growth regulator activities [11]. Its phytotoxic effect was reported
on radish, mungbean, tomato and ryegrass seedlings [16]. The compositions of ethyl
acetate subfraction A extracts also shared the presence of the diterpenoids neophytadiene
(5.09%). Neophytadiene isolated from Nepeta species inhibited shoot growth of ragweed
(Ambrosia artemisiifolia) shoots [30]. In the case of the ethyl acetate of A. conyzoides subfrac-
tion B, major constituents identified in the extracts were (Table 2), 1-octadecyne (38.57%)
followed by phytol (11.24%), di-tert-butylphosphine-d (5.17%), 1-hexadecine (4.08%) and
1-pentadecene (3.83%) with 62.89% of the total composition. In our previously finding, we
have found ethyl acetate A. conyzoides fraction in phytol (8.24%). Phytol, which interacts
and damages the structure of the phospholipid bilayer of the cell membrane [31]. Extract
ethyl acetate of A. conyzoides subfraction C contained mainly bannamurpanin (26.01%)
followed by octadecanal (12.69%) and allobarbital (8.53%) (Table 2) with a total composition
of 47.23%. Bannamurpanin, a compound of the class of flavonoids, is one of a group of
phenolic and octadecanal compounds in a group of steroid compounds. The ethyl acetate
extracts of A. conyzoides extracts subfraction D contained mainly octadecanal (30.52%)
followed by bannamurpanin (24.06%), 1,8-cineole (15.75%), trans-dodec-5enal (12.28%)
and phytol (8.26%) showing the total composition by 90.87% elucidated in their GC-MS
composition. In our previously finding, we have found out 1,8-cineole as much as 3.90%
in n-hexane fraction and 3.78% in methanol fraction. 1,8-cineole is oxygenated sesquiter-
penes constituting essential oils of several aromatic plants. For example, 1,8-cineole is
the main constituent of the Eucalyptus oils and other plant essential oils with potential
as pre-emergence herbicides [32,33], although it was previously used as preemergence
herbicides. Their composition also shared the presence of phytol, a compound that had
been reported as a bioherbicide.

Table 2. Major compounds identified in the A. conyzoides ethyl acetate subfraction A, B, C, D extract by GC-MS.

NO Retention
Time

Compound Name
Compound Content (%) Similarity

Quality (%)Subfraction A Subfraction B Subfraction C Subfraction D

1 6.12 1,8-cineole 15.75 95

2 24.02 precocene II 9.39 92

3 26.06 allobarbital 8.53 65

4 27.18 1-pentadecene 3.83 95

5 28.12 octadecanal 30.52 89

6 28.23 octadecanal 12.69 89

7 28.29 1-octadecyne 38.57 89

8 28.36 octadecanal 8.23 90

9 28.98 phytol 8.26 89

10 29.08 phytol 11.24 90

11 31.30 1-hexadecine 4.08 96
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Table 2. Cont.

NO Retention
Time

Compound Name
Compound Content (%) Similarity

Quality (%)Subfraction A Subfraction B Subfraction C Subfraction D

12 33.25 9,12,15-octadecatrienoic,
methyl ester 7.32 94

13 35.00 tetradecanoic acid, ethyl
ester 10.26 89

14 35.16 10-heneicosene (c,t) 5.19 93

15 35.53 2-pentadecanone 3.68 84

16 36.79 trans-dodec-5enal 12.28 86

17 45.08
2,6,10,15,19,23-

hexamethyl-
(squalene)

3.63 95

18 53.36 bannamurpanin 24.06 64

19 54.17 bannamurpanin 26.01 54

20 55.29 neophytadiene 5.09 91

21 55.42 di-tert-butylphosphine-d (5.17%) 75

Total area 52.79 62.89 47.23 90.87

4. Conclusions

Analysis of weed control, dry shoot and root weights and root length indicated that
the ethyl acetate extract of A. conyzoides subfraction A had the strongest post-emergence
herbicidal effects on A. spinosus (100% inhibition) followed by ethyl acetate A. conyzoides
subfraction B (95% inhibition), while ethyl acetate A. conyzoides subfraction C dan D
extracts were had slight effects (13% and 10%, respectively) at concentration 10% and
synthetic herbicide (2,4-D at 0.686 kg a.i. ha−1) (23% inhibition) at one day after application.
At 21 days after application, the root length of A. spinosus exposed to the ethyl acetate
subfraction B and C at low concentrations (5%) stimulated the growth of the A. spinosus
plant. Hence, the ethyl acetate A. conyzoides subfraction A and B concentration 10% may be
developed as a promising herbicide against A. spinosus. However, its effect could not be
explained by its volatile constituents detected by GC-MS.
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