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ABSTRACT

	The study evaluated the allelopathic potential of aqueous plant extracts of Hultholia mimosoides, which is an emerging troublesome weed in the plantations of Kerala. The allelopathic effect of the plant was evaluated in laboratory and pot experiments using aqueous leaf extracts. The test crops were rice (Oryza sativa) and cowpea (Vigna unguiculata) and were treated with varied concentrations of 0, 2, 4, 6 and 8 % solution of extract. In the Petri dish study, the aqueous extracts did not significantly affect the germination percentage (above 90% at all concentrations) of both crops.  However, inhibitory effects on root and shoot growth were evident, with inhibition more at higher concentrations and root growth being more sensitive than shoot growth.  In rice, root length decreased from 4.87 cm to 2.81 cm when treated with 8% extract, while in cowpea it reduced from 3.62 cm to 1.25 cm when observations were recorded at seven days after treatment application. Similarly, shoot length declined from 8.12 cm to 6.81 cm in rice and 11.62 cm to 7.37 cm in cowpea seedlings. However, in pot culture with soil media, no significant inhibition of shoot or root growth was observed, indicating the absence of allelopathic effect under natural conditions due to losses from soil or bio-degradation of active principles due to microbial action. The study also aimed to identify the biochemicals present in the plant using GC-MS analysis of methanolic extract. The major compound identified was 1,2,3-benzenetriol (pyrogallol), accounting for 46.29% of the total chromatogram area, which is a gallic acid derivative that possesses allelopathic property. The chromatographic analysis revealed the presence of several other bioactive compounds, including phenolic compounds, esters, and fatty acid derivatives. Many of these compounds have been reported to possess antioxidant, antimicrobial, and allelopathic activities.
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1. INTRODUCTION 

Hultholia mimosoides (Lam.) Gagnon & G. P. Lewis, previously known as Caesalpinia mimosoides, is a thorny perennial shrub of the Fabaceae family. It is native to South and Southeast Asia and has been reported from countries including India, Bangladesh, Myanmar, Thailand, Cambodia, Laos, Vietnam, and China (Gagnon et al., 2016). It is widely distributed across Kerala in plantations, permanent fallows, forest boundaries, etc. It has been widely used in traditional medicine across Southeast Asia and the Indian subcontinent. In Thailand, the tender shoots and young leaves of the plant are traditionally consumed by tribal communities as a vegetable and appetizer and are also valued for their carminative effects and ability to alleviate dizziness (Chanwitheesuk et al., 2007). Tribal communities in the Wayanad district of Kerala, such as Mullu kuruma have traditionally employed this plant for epilepsy treatment (Silja et al., 2008).  
Studies have identified flavonoids, tannins, diterpenoids, and polyphenols in the plant. Feng et al. (2024) isolated compounds including four novel homoisoflavanoids, one homoflavonoid, ten dibenzoxocin derivatives, a phenolic compound derived from dibenzoxocin, one diterpenoid, three aliphatic dicarboxylic acid derivatives, and the known diterpenoid 12-O-ethyl neocaesalpin B from the branches and leaves of Hultholia mimosoides. Wang et al. (2025) discovered ten different cassane diterpenoids and five cassane derivatives from H. mimosoides. Rodwattanagul et al. (2023) reported phenolic compounds like syringic acid and ellagic acid from H. mimosoides. Phytochemical characterization of such plants is essential to understand their biochemical basis for biological activity. A wide range of extraction, separation, purification, and quantification techniques have been used to identify phytochemicals from plants. In the present study, gas chromatography analysis of methanol extract was utilized to determine the phytochemicals present in the leaves of H.mimosoides.
Though studies on the allelopathic effect of H.mimosoides are limited, various plants belonging to the family Fabaceae have already been reported to show allelopathic properties. The leaf and stem extracts of H. mimosoides were tested for their inhibitory effects on both monocot and dicot plant species. Aqueous methanol extract of leaf and stem of mimosa thorn exhibited inhibitory effect on alfa, lettuce, foxtail millet, barnyard millet, etc. with the degree of suppression increasing as the extract concentration increased. It was found that methyl gallate was responsible for the inhibition (Boonmee et al., 2018). The presence of secondary metabolites like methyl gallate and ethyl gallate has been implicated in the allelopathic activity, which likely aids in its competitive ecological success (Bhat et al., 2023).

2. material and methods 

The allelopathic effect of the weed was evaluated in laboratory and pot experiments using aqueous leaf extracts on seed germination of rice (Oryza sativa) and cowpea (Vigna unguiculata).
2.1. Laboratory experiment
Leaves and young twigs of H. mimosoides were collected from infested fields and crushed to prepare aqueous extracts. The crushed plant material was steeped in distilled water at 1:3 ratio (w/w) for 24 hours and the extract was filtered to obtain the stock solution. This was diluted to prepare concentrations of 0, 2, 4, 6, and 8%. Completely Randomized Design (CRD) was followed with four replications. Ten seeds each of rice and cowpea were placed in Petri plates lined with filter paper and moistened with 8 ml of aqueous extract. Germination percentage, days to 50% germination, root length, and shoot length after 7 days were recorded.
2.2. Pot experiment
To evaluate the effect of aqueous extracts on seedling growth, ten seedlings of rice and cowpea were raised in earthen pots filled with soil. Completely Randomized Design (CRD) was followed with five treatments and four replications. Aqueous extracts of 0, 2, 4, 6, and 8% concentration prepared as earlier were soil drenched at 7, 14, and 20 days after sowing (DAS). Seedling growth was assessed 30 days after sowing (DAS) by recording root and shoot length.

2.3. Phytochemical analysis 
The collected leaf samples were washed with water, left to air dry, then oven dried and crushed into fine powder using a blender. 10 gm of dried powdered sample was put in a shaker with 100 ml of 99.9% methanol and kept for 72 hours. The extract was then filtered through filter paper.  The phytochemical compounds were analyzed using gas chromatography−mass spectrometry (GC-MS). The GC- MS spectra was obtained by using Thermo Scientific TSQ 8000 Evo equipped with TG-5 MS 30m*0.25 mm*0.25μm) from Thermo Scientific. The control of the GC MS system and the data peak processing were controlled by means of Xcalibur software. For the separation of components, helium gas was used as the carrier gas at a flow rate of 1ml/min. The injector temperature was set at 250 °C, and a 1 μl sample was introduced into the instrument with a split ratio of 1:10. The oven temperature was initially maintained at 50 °C for 1 minute, then increased at a rate of 10 °C per minute to 120 °C, followed by a ramp of 5 °C per minute up to 270 °C, where it was held for 5 minutes. The oven temperature was then raised to 290 °C at 5°C / min for 5 mins. The conditions of the mass detector were a temperature of 290°C for the transfer line. The temperature of the ion source was 310°C, scan range of 35 – 500 m/z and dwell time of 0.2 sec. The comparison of the spectrum of components was carried out with the database of spectrum of known components stored in the NIST MS Search 2.0 library.

3. results and discussion

3.1. Effect of aqueous extracts on seed germination
The allelopathic potential of H. mimosoides was evaluated using aqueous extracts on rice and cowpea under laboratory and pot culture conditions. Germination percentage was unaffected by the extracts, as both test species exhibited normal germination (>90%) across treatments, and the time to 50% germination remained uniform (2 days).
However, growth parameters of seedlings showed significant inhibitory effects under Petri dish conditions (Table 1 & 2). In rice, root length decreased by more than 40% (from 4.87 cm in the control to 2.81 cm at 8% extract), while shoot length declined by 16% (from 8.12 cm to 6.81 cm). In cowpea, root length showed a stronger suppression, falling by nearly 65% (from 3.62 cm to 1.25 cm), whereas shoot length was reduced by 36% (from 11.62 cm to 7.37 cm). This indicates that the allelochemicals in the leachates were more inhibitory to root elongation than shoot growth. Similar results were also reported by Salam and Kato-Noguchi (2010). Boonmee et al. (2018) similarly reported that methanolic extracts of H. mimosoides leaves and stems inhibited the growth of cress, alfalfa, lettuce, foxtail fescue, timothy, and barnyard grass. According to them, active substance in the leaf extract was methyl gallate which caused the inhibitory effect in test crops. Hsieh et al. (2004), Kang et al. (2008), and Correa et al. (2016) similarly reported that methyl gallate exhibits dose-dependent inhibitory effects on a range of biological activities.

Table 1. Effect of aqueous extract on seed germination of rice after 7 days
	Treatments
	Germination %
	Days to 50% germination
	Root length
(cm)
	Shoot length
(cm)

	0%
	92.5
	2
	4.875a
	8.125a

	2%
	97.5
	2
	3.375b
	8.125a

	4%
	97.5
	2
	3.125b
	7.875ab

	6%
	95
	2
	2.938b
	7.25ab

	8%
	97.5
	2
	2.812b
	6.812b

	SE(m)
	2.582
	0
	0.172
	0.288

	CV
	5.379
	0
	10.061
	7.548

	CD at 5%
	NS
	NS
	0.752
	1.259



Table 2. Effect of aqueous extract on seed germination of cowpea after 7 days
	Treatments
	Germination %
	Days to 50% germination
	Root length
(cm)
	Shoot length
(cm)

	0%
	97.5
	2
	3.625a
	11.625a

	2%
	100
	2
	2.750b
	9.250b

	4%
	100
	2
	2.125c
	9.00bc

	6%
	100
	2
	1.750cd
	8.50bc

	8%
	100
	2
	1.250d
	7.375c

	SE(m)
	1.118
	0
	0.137
	0.411

	CV
	2.247
	0
	11.907
	8.979

	CD at 5%
	NS
	NS
	0.598
	1.794




3.2. Effect of aqueous extract on seedling growth
The inhibitory effects were not significant under pot culture conditions. Neither shoot nor root length of rice and cowpea seedlings differed significantly across treatments, even at higher extract concentrations (Table 3). This reduction in activity may be explained by soil-mediated processes such as microbial degradation, volatilization, and dilution, which reduce the bioavailability of allelochemicals (Kaur et al., 2009). According to Kobayashi (2004), allelochemicals present in the soil are adsorbed onto soil particles and undergo chemical and biological transformations as they move through the soil. Their behavior and phytotoxic activity are influenced by several soil factors, including texture, organic and inorganic matter content, moisture level, and the presence of soil organisms. Arroyo et al. (2018) also reported variation in allelopathic effects of Artemisia herba-alba observed between laboratory experiments and field studies, which may be due to differences in soil microbial community, the extent of exposure to allelopathic substances, relative concentrations of compounds interacting under natural environments etc.

Table 3. Effect of aqueous extract of H.mimosoides on growth of rice and cowpea seedlings 30 DAS
	
	Rice
	Cowpea

	Treatments 
	Shoot length (cm)
	Root length
(cm)
	Shoot length
(cm)
	Root length
(cm)

	0%
	24.87
	11.5
	28.12
	12.125

	2%
	24.68
	11.25
	28.5
	12.5

	4%
	24.18
	10.75
	28
	11.625

	6%
	24.5
	11
	27.75
	12.5

	8%
	24.62
	10.75
	27.56
	11.75

	SE(m)
	0.273
	0.348
	0.376
	0.32

	CV
	2.221
	6.292
	2.687
	5.281

	CD at 5%
	NS
	NS
	NS
	NS


DAS: days after sowing
3.2. Qualitative phytochemical analysis
The methanolic leaf extract of H. mimosoides was analysed by GC–MS and yielded about 30 chromatographic peaks (Figure 1). The retention times (RT) ranged from 6.44 min to 38.17 min, with peak-area percentages varying from 0.14% to 46.29%. The most abundant component was the peak at RT = 13.24 min, having 46.29% of the total area corresponding to 1,2,3-Benzenetriol (pyrogallol), which is a phenolic compound derived from gallic acid. Other major compounds include benzoic acid, 3,4,5-trihydroxy-, methyl ester, 3-O-methyl-d-glucose The GC-MS analysis revealed various phytochemical compounds, which are listed in Table 4. 

Figure 1. GC-MS chromatogram of the H.mimosoides methanol extract
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The study identified a variety of compounds, including phenolic acids, esters, fatty acids, and sugars that are known for various biological activities. The presence of phenolic acid and flavonoids was reported in a previous study by Panthakarn et al. (2019). The content of methyl gallate and isobutyl gallate observed in the current study is supported by the report of Bhat et al. (2023). These compounds revealed the presence of gallic acid-based metabolites and are documented for their antioxidant, antimicrobial, and allelopathic properties. 

Table 4. Phytochemicals identified in the methanolic extracts of H.mimosoides

	Sl. No.
	RT (min)
	Peak Area
	Area %
	Peak Height
	Compound name

	1
	6.44
	31260774
	0.45
	2571224.85
	Paromomycin

	2
	6.88
	16999739
	0.24
	1999038.57
	Paromomycin

	3
	8.06
	301183859
	4.29
	55909434.33
	1-Butanol, 3-methyl-, formate

	4
	8.41
	60227554
	0.86
	7454914.17
	Tetra acetyl-d-xylonic nitrile

	5
	8.71
	11027650
	0.15
	2594990.33
	2-Myristynoyl pantetheine

	6
	9.76
	15046296
	0.21
	4439171.08
	4-Methyl(trimethylene)silyloxyoctane

	7
	13.24
	3.252E+09
	46.29
	577999487.4
	1,2,3-Benzenetriol

	8
	13.37
	14670985
	0.21
	4499680.97
	1,1,3,3-Tetramethyl-1,3-disilaphenalane

	9
	15.36
	10203364
	0.14
	1248195.6
	Paromomycin

	10
	16.19
	12101172
	0.17
	2786114.42
	à-D-Glucopyranoside, methyl 2-(acetylamino)-2-deoxy-3-O-(trimethylsilyl)-cyclic butylboronate

	11
	16.26
	13956220
	0.2
	2907998.39
	à-D-Glucopyranoside, methyl 2-(acetylamino)-2-deoxy-3-O-(trimethylsilyl)-cyclic butylboronate

	12
	16.32
	13001636
	0.19
	2930196.63
	Paromomycin

	13
	17.03
	27300168
	0.39
	2953669.84
	à-D-Glucopyranoside, methyl 2-(acetylamino)-2-deoxy-3-O-(trimethylsilyl)-cyclic butylboronate

	14
	18.04
	66614603
	0.94
	38118959.72
	Quinic acid

	15
	19.53
	51127607
	0.74
	41107828.26
	3-O-Methyl-d-glucose

	16
	19.86
	20128087
	0.29
	3106688.39
	3-O-Methyl-d-glucose

	17
	20.38
	692924852
	9.85
	41976644.47
	3-O-Methyl-d-glucose

	18
	21.65
	93457874
	1.33
	11787311.47
	à-D-Glucopyranoside, methyl 2-(acetylamino)-2-deoxy-3-O-(trimethylsilyl)-cyclic butylboronate

	19
	21.8
	10451998
	0.15
	1658905.66
	Desulphosinigrin

	20
	21.91
	208367506
	2.96
	17580880.43
	à-D-Glucopyranoside, methyl 2-(acetylamino)-2-deoxy-3-O-(trimethylsilyl)-cyclic butylboronate

	21
	22.75
	80505806
	1.15
	7325208.95
	9-Hexadecenoic acid

	22
	23.35
	11406458
	0.16
	1781650.87
	16-Nitrobicyclo [10.4.0] hexadecan-1-ol-13-one

	23
	23.79
	1.11E+09
	15.8
	114549054
	Benzoic acid, 3,4,5-trihydroxy-, methyl ester

	24
	24.85
	40147888
	0.57
	13456075.67
	Benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, methyl ester

	25
	25.18
	81045056
	1.15
	15136929.45
	l-(+)-Ascorbic acid 2,6-dihexadecanoate

	26
	26.11
	65445406
	0.93
	4026653.57
	Isobutyl gallate

	27
	26.16
	46634148
	0.66
	3649248.73
	Isobutyl gallate

	28
	28.37
	19547488
	0.28
	1346930.7
	Ethanol, 2-(9,12-octadecadienyloxy)-, (Z,Z)-

	29
	28.48
	71271658
	1.02
	24673701.4
	9,12,15-Octadecatrienoic acid, (Z,Z,Z)-

	30
	28.88
	16526178
	0.24
	1368597.08
	Ethyl iso-allocholate

	31
	33.03
	11130818
	0.16
	1380795.82
	Pregan-20-one, 2-hydroxy-5,6-epoxy-15-methyl-

	32
	33.22
	11736509
	0.17
	1310141.63
	Pregan-20-one, 2-hydroxy-5,6-epoxy-15-methyl-

	33
	34.12
	107703994
	1.53
	23348929.59
	Diethylene glycol dibenzoate

	34
	36.91
	19544385
	0.28
	2533808.52
	9,12,15-Octadecatrienoic acid, 2,3-bis[(trimethylsilyl)oxy] propyl ester, (Z,Z,Z)-

	35
	38.17
	75045587
	1.07
	21017321.15
	9,12,15-Octadecatrienoic acid, 2,3-bis[(trimethylsilyl)oxy] propyl ester, (Z,Z,Z)-



4. Conclusion

Aqueous leaf extract of Hultholia mimosoides did not affect the germination of test crops, while they showed significant inhibition in root and shoot length under laboratory conditions, with roots being more sensitive. However, no inhibition was observed under the pot study, due to microbial degradation or losses from the soil. Thus, the allelopathic effect of Hultholia mimosoides is limited under natural conditions. GC–MS analysis of the methanol extract of Hultholia mimosoides revealed the presence of multiple bioactive compounds, with pyrogallol as the dominant constituent.  
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