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ABSTRACT 
 

This study, evaluated the allelopathic effects of Parthemim hysterophorus L. aqueous 

extracts on the germination and seedlings growth of noxious weed Portulaca oleracea L. The lower 
concentrations inhibited the germination and the sub-lethal concentrations decreased the germination 

and seedlings growth. The Microscopic analysis of the affected seedlings showed necrosis of 

primordial roots that caused death of seedlings. The phytochemical composition of the extracts was 
analysed by GC-MS, it revealed the presence with phytotoxic properties. Our study highlighted the 

herbicidal potential of aqueous extracts of P. hysterophorus L. on agricultural weed P. oleracea L. 
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INTRODUCTION 
 

Plant allelopathy is a potential source for use of its novel chemicals with diverse 

bioactivity for agricultural pests control (17). Bioactive chemicals produced in the plant 

negatively affects the growth of another plant (reduces germination, or even induce lethality 

to the plant). The growing environmental and health concerns by use of synthetic herbicides 

have prompted research into allelopathy as an eco-friendly alternative for weed 

management. Allelochemicals such as parthenin (from Parthenium hysterophorus L.), 

juglone (from walnut trees), and phenolic acids have herbicidal properties by inhibiting the 

essential physiological processes like photosynthesis, enzyme activity, and cell division 

(9,29). Adoption of plant allelopathy for weed control may reduce dependence on synthetic 

herbicides, contributing to sustainable farming practices. Despite, its advantages, harnessing 

allelopathy faces continuous challenges which reduce their adaptability.  P. hysterophorus 

L.  is an aggressive invasive weed (Figure-1A) in tropical and sub-tropical countries that 

severely reduced crop yields. The superior allelopathic properties of P. hysterophorus L.  

make it an ideal candidate to use its herbicidal properties. The allelochemicals-prompted 

phytotoxicity of P. hysterophorus is well-documented. However, the herbicidal property of 

parthenium extracts against other agricultural weeds remains elusive. In India, it has infested 

agriculture farms, forests, roadsides, railway tracks, vacant lands, waste lands, lands 

adjacent to irrigation canals and industrial areas (70), causing large scale damage to human 

health, animal husbandry, crop production and biodiversity. Phytochemicals of                                 

P. hysterophorus L. exhibit negative allelopathy on numerous plants: Vigna subterranea L., 

Raphanus sativus L., Cucurbita maxima L., Cucumis sativus L., Solanum lycopersicum L., 

Capsicum frutescens L., Zea mays L., Abelmoschus esculentus L., Daucus carota L., 

Digitaria sanguinalis L. and Eleusine indica L. (7). 
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Figure 1A: Parthenium hysterophorus L., B: Portulaca oleracea L. 
 

Weeds negatively affects the crops growth and cause 20-40 % yield losses through 

allelopathic activity, due to their secondary metabolites (1,30). Portulaca oleracea L. 

(Figure - 1B) (common purslane, Portulacaceae family) has originated from South or North 

America (15) and is most noxious weed in 45 crops across 81 countries (16,46). It negatively 

affected the cultivation of many crops viz., Triticum aestivum L., Saccharum officinarum 

L., Camellia sinensis L., Gossypium hirtsutum L., Capsicum annuum L., Cucurbita pepo L. 

and Luffa cylindrica L. etc. (31). In addition, P. oleracea weed acts as a vector for various 

pests like sugar beet nematode, tobacco mosaic virus and Cucumber mosaic virus (14,47), 

thus affecting the crop production.  It has fast growth and reproduction including, 

metabolism switching ability (C4 to CAM pathway), drought tolerance, salinity tolerance, 

extensive root system (up to 153 cm), shorter life cycle (2-4 months), palatability to animals 

and humans, vegetative reproduction (19,47). Weed management strategies also tend to be 

ineffective against this weed, because of vegetative reproduction from the stem (63). The 

reliance on chemical methods of weed control for controlling this weed is futile, due to the 

formation of herbicide resistance biotypes that withstand many herbicides viz., linuron, 

atrazine, diuron, cyanazine, and prometryn (45). 
 

 Plant diversity analysis on grazing lands of Ethiopia revealed that P. hysterophorus 

L. infestation significantly reduced the growth of P. oleracea L., due to its negative 

allelopathy (56). However, the allelopathic nature of P. hysterophorus L. in growth 

reduction of P. oleracea L. and the molecular mechanism behind the phytotoxicity was not 

studied. Hence, we assessed whether allelopathic extracts from congress grass exert 

herbicidal effects against the germination of P. oleracea L. The extract of P. hysterophorus 

L. remarkably inhibited germination and seedlings growth of P. oleracea L. Exposure of P. 

oleracea L. to P. hysterophorus L. extracts significantly stunted the seedlings growth and 

deformed the roots formation. Phytochemical analysis of P. hysterophorus L. extracts 

showed the presence of multiple phytotoxic allelochemicals. 
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MATERIALS AND METHODS 
 

Aqueous extract preparation of P. hysterophorus L. 
 

 Aqueous extracts from the whole plants of P. hysterophorus L. were prepared as 

per methodology (42,50) with minor modifications. Whole parthenium plants were collected 

from Annamalai University, Chidambaram (11.3918° N, 79.7132° E) for analysis. The 

collected plants were stored at 4 °C in an ice box and transported to lab for processing. The 

plant samples were washed thoroughly with tap water to remove adhering soil and impurities 

and once with distilled water. The washed plant materials were chopped into tiny portions 

(of 0.5 to 1 cm) in length and dried in shade (indoor conditions) at room temperature for                

7-10 days. The plant samples were frequently turned to ensure even drying of samples. After 

drying, the samples were pulverized using Willey mill and the resultant powder was sieved 

(2 mm sieve) and stored in an air-tight container at room temperature. Initially, the stock 

extract of 30 % concentration was prepared by mixing 30 g powder in 100 ml distilled water 

(W/V). The mixture was left undisturbed for 24 h at 4 °C and strained with double-layered 

muslin cloth. The filtrate was then filtered using Whatman filter paper (No.1) and the 

resultant extract (4 %) was stored in a sealed bottle until usage. The working solutions                     

(3 %, 6 %, 9 %, and 12 %) were prepared by appropriately diluting the stock in sterile 

distilled water. During the experiment, the stock and working solution of the extracts were 

stored at 4 °C.  
 

Preparation of P. oleracea L. seed material  
 

Seeds of P. oleracea L. exhibit dormancy and therefore exhibit reduced 

germination.  The dormancy of P. oleracea L. was broken according to the protocol 

(6).  Whole P. oleracea L. plants at the post-flowering (capsule formation) stage (4-5 weeks 

post-germination) were collected.  The whole plants containing intact pods were uprooted 

entirely along with adhering soil and dried in sunlight for 1 week. The plants were spread 

on a clean white cloth placed inside plastic trays and exposed to sunlight, in night, the trays 

were moved to room. Thus, the sample was exposed to both high temperature in day time 

and low temperature in night time. After a week, the seeds from the dehisced pods were 

collected and used for experiments. For every experiment, fresh seeds were used to ensure 

uniform seed germination. 
 

Seed germination bioassay 
 

Seed germination assay was performed as per (7) with minor modifications. 

Healthy, uniform seeds were surface-sterilized using 2 % sodium hypochlorite for 3-min 

and rinsed thrice using sterile distilled water to remove contaminants. Sterile Petri dishes 

lined with filter papers were moistened with either distilled water (control) or treatment 

solutions (3 %, 6 %, 9 % and 12 % extracts). Seeds were evenly placed on the filter paper 

using sterile forceps, ensuring uniform spacing (10 seeds/plate). The Petri dishes were then 

covered and incubated (25 ± 2 °C) with 12-h photoperiod. Germination (%), root length, 

shoot lengths and total length were calculated from the 100 seeds (35 seeds per replication). 

All parameters were recorded for 7 days to assess the treatments effects. The experiment 

was done thrice and mean values were used for analysis. Based on formulas suggested (24), 

germination (%) and germination speed were calculated, while seed vigour index and 

phytotoxicity (%) were calculated as under (69). 
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•      Germination (%) = (Number of seeds germinated/Total number of seeds) X 100 

•      Speed of Germination = n1/d1 + n2/d2 + n3/d3 + ……… 
 

        Where, n : Number of germinated seeds, d : Number of days 
 

•      Phytotoxicity (%) = [(Seedling length in control – Seedling length in treated     

        plant)/Seedling length in control] x 100 

•      Seed vigour index = Germination (%) x Mean seedling length 
 

Microscopic Analysis 
 

Microscopic analysis of seedlings was done to assess the cellular damage. Thin 

root/shoot sections of seedlings were made and dipped in 1 % safranin for 60 sec. The 

samples were then rinsed with distilled water and placed on the glass slide. A drop of 

glycerol was placed over the sample and coverslip was placed over it. The samples were 

visualized under ESAW Pathological Binocular compound microscope in 10X and 40X 

magnification. The images were edited using Image. 
 

Phytochemicals profiling (GCMS Analysis)  
 

 To identify the phytotoxic properties, GC-MS analysis of P. hysterophorus extract 

was done. The extract was filtered with Whatman No-1 filter paper and the filtrate was dried 

at 55 °C. The resultant semisolid sludge was dissolved in DMSO and again centrifuged. The 

clear supernatant was analyzed using GC-MS in a Thermo Scientific (Waltham, MA), Trace 

GC Ultra and ISQ Single Quadrupole MS, TG- 5MS fused silica capillary column (30 m x 

0.25 mm x 0.1 mm film thickness). An electron ionization system with ionization energy of 

70 eV was used to detect allelochemicals. Inert helium gas was used as carrier at a flow rate 

of 1 ml/min. The temperature of the injector and MS transfer line was 280 °C. The 

temperature was programmed as follows: an initial temperature 50 °C at a rate of 2 min,            

50-150 °C at a rate of 7 °C/min,150-270 °C at a rate of 5 °C/min, and a final temperature of 

270-310 °C at an increasing rate of 3.5 °C/min.  
 

Sampling of P. hysterophorous L. and P. oleraceae L. in fallow lands 
 

             The distribution of P. hysterophorous L. and P. oleraceae L. was surveyed in on 

our Research Farm (11.3918° N, 79.7132° E), Cuddalore district, Tamil Nadu. Sampling of 

P. hysterophorous L.  and P. oleraceae L.  were done using quadrat method (71). Based on 

the number of parthenium plants per quadrat, the fields were classified as heavily infested 

(> 5 plants/quadrat) and lightly infested (< 5 plants/quadrat). Total number of weeds were 

analyzed in both conditions in random 10 quadrats. 
 

Statistical Analysis  
 

          Each experiment was repeated thrice. Standard deviation and standard error mean 

values were calculated to analyzed the values within a group. One-way ANOVA was 

performed among the group using AGRES software package. The graphs were drawn using 

Graphpad Prism 9 and standard error mean was plotted as error bars. 
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RESULTS AND DISCUSSION 
 

Germination (%) 
 

The effects of aqueous extracts of P. hysterophorus L., were evaluated on 

germination of P. oleracea L.  with and without extracts. To assess the toxic concentration 

range, preliminary germination assay was done at wide concentration range 10, 20 and                         

30 % (data not shown). The growth at 10 % concentration exhibited severe inhibition and                  

20 and 30 % completely inhibited germination. Therefore, we evaluated the germination 

inhibition at (3, 6, 9, and 12 %). The extract significantly inhibited the germination of                        

P. oleracea L. Our results indicated that the extracts of P. hysterophorus significantly 

inhibited the germination of P. oleracea (Table -1, Figure -2). These results are comparable 

with other results (42,73). 
 

Table 1. Inhibitory effects of P. hysterophorus L. extracts on the germination of P. oleracea L. 
 

 

 
Figure 2.  Effects of P. hysterophorus L. extract on the seed germination (%) and phytotoxicity (%) 

P. oleracea L. 

 

Speed of germination 
 

The number of seeds germinated with 6 % extract was drastically reduced to 1.79 

seeds germinated/day against control (8.76 seeds germinated/day). Germination speed 

depicts the seed vigour and play an important role during competition.  The P. hysterophorus 

Extract conc 

(%) 
Germination (%) Phytotoxicity (%) 

Speed of germination 

(seeds germinated/day) 

Control 94.44 ± 2.22 0  8.76 ± 0.91 

3  85.56 ± 9.88 55.68 ± 5.72 4.31 ± 1.21 

6  31.11 ±16.37 89.99 ± 5.49 1.79 ± 1.11 

9 13.33 ± 8.82 98.28 ± 0.91 0.45 ± 0.28 

12  1.11 ± 1.11 100 ± 0 0.04 ± 0.03 

LSD (p=0.05) 29.87 11.25 2.67 
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extracts had remarkable effects on germination speed. Even at lower extract concentrations 

(3 and 6 %) the speed of germination was reduced (Table -1). Approximately 50 % reduction 

was observed with 3 % extract and at 6 %, 80 % reduction in speed of germination. The 

reduction in speed of germination in P. oleracea L. certainly give selective advantage, 

during the later stage of crop growth. Li et al (40) studied the allelopathic potential of 

Artemisia argyi water soluble extract on germination speed of Brassica pekinensis L., 

Lactuca sativa L., Oryza sativa L. and found that the extracts negatively affect the 

germination speed index.  
 

Seedling vigour 

High vigour of seedlings helps in establishment of seedlings at early stages, 

offering growing seedlings a competitive edge in withstanding various environmental 

stresses. After germination, the shoot, root length of seedling were measured to evaluate the 

inhibitory effects against    P. oleracea. The germinated seedlings exhibited a stunted growth 

at lower concentrations (Table -2, Figure -3A, B). The shoot growth was comparably less 

affected than root. At higher concentrations (12 % extract, the seeds did not produce normal 

roots and shoots) against control in which healthy seedlings produced 0.73 cm shoot and 1.3 

cm root. The absence of shoot growth in 12 % extract was on par with 9 % and 6 % extract, 

in which severe shoot growth restriction was observed (i.e.) 0.04 cm and 0.19 cm. However, 

at 3 % extract shoots were formed similar to untreated control (Figure -3A). Development 

of roots was significantly affected at 6 % and 9 % treatment and exhibited stunted growth 

than control in which roots grew normally (Figure -3 B).  
 

Table 2.  Inhibitory effects of P. hysterophorus extracts on seedling growth of P. oleracea  

 

 
Figure 3A.  Inhibitory effects of P. hysterophorus L. extract on seedling growth of P. oleracea L. 

Figure 3B.  Inhibitory effects of P. hysterophorus L. extract on the development of P. oleracea L 

                  . seedlings (a: Control, b: 3 % extract and b: 6 % extract) 

Extract conc (%) 
Shoot length 

(cm) 

Root length 

(cm) 

Seedling length 

(cm) 

Control 0.73 ± 0.05 1.3 ± 0.05 2.03 ± 0.08 

3  0.73 ± 0.06 0.16 ± 0.06 0.89 ± 0.12 

6  0.19 ± 0.11 0.01 ± 0.00 0.21 ± 0.11 

9 0.04 ± 0.02 0 ± 0.00 0.04 ± 0.02 

LSD (p=0.05) 0.19 0.11 0.26 
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The toxicity was analyzed by assessing the total length of the seedling after the 

treatment (7 days). The length of the seedling was greatly reduced in treatments. The 

application of 9 % and 6 % extract suppressed the seedling growth (0.04 cm and 0.21 cm). 

Finally, phytotoxicity (%) produced by P. hysterophorus L. extract was worked out,100 % 

phytotoxicity was achieved in 12 % extract and was on par with 9 % and 6 % extract, in 

which 98.28 % and 89.99 % phytotoxicity was observed, respectively. These results are in 

comparison with other results (73,75). In addition, Borghetti and his coworkers (13) 

suggested that in the practice of aqueous extracts reflects natural conditions more closely 

than other methodology, which signifies the importance of this methodology. These results 

highlight the excellent allelotoxic effects of P. hysterophorus L. aqueous extracts against 

the germination and early development of P. oleracea L. seedlings.  
 

Microscopic analysis revealed severe tissue damage in roots 
 

The application of P. hysterophorus L. extracts significantly damaged the roots of 

treated plants. To ascertain the nature of damage and assess the effects on plant growth, a 

detailed microscopic analysis was done on roots exposed to extracts and compared with 

control. The roots of treated seedlings exhibited stunted growth with distortion of root 

tissues, turned black and died (Figure-4 A, B, C).  
 

 

 
 

Figure 4.  Root necrosis of P. oleracea L. seedlings caused by P. hysterophorus L. extract 

(A-control and B, C- 5 % extract) 

- arrows indicate the root portion of P. oleracea 
 

Microscopic examination revealed the damaged epidermal tissue with impact on 

root hairs. Affected roots produce fewer root hairs than control, in which a tuft of root hairs 

was noticed (Figure-5 A, B). The distorted root tissues with loss of root hairs could be 

attributed to the necrosis of exposed seedlings. Necrosis is a multifaceted process of cell 

death characterized by tissue discolouration, darkening (76) and the emergence of a brittle  
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Figure 5.  Microscopic observation of P. oleracea L. roots damaged by P. hysterophorus L. extract 

(A: control, B: 5 % extract)      

 

texture. It can affect any part of plant including stem, root, leaves, flowers and fruits. It is a 

complex process mediated by a combination of internal and external factors. Various factors 

like pathogens, stress conditions and physical damage disrupt the cellular homeostasis and 

acts as a triggering factor for necrosis (59,79). Once triggered, this process is irreversible 

and leads to the generation of reactive oxygen species and elicitation of oxidative stress. 

Organelle dysfunction result in rupturing of vacuoles which releases hydrolytic enzymes 

and digest the cellular contents. Loss of osmotic imbalance and membrane integrity result 

in the cellular rupture and produce the characteristic symptoms of necrosis (28). The 

behaviour of seedlings of P. oleracea L. exhibited the similar pattern up on exposure to the 

extracts of P. hysterophorous L. Soon after the treatment, the roots begins to lose its texture 

and becomes brittle, which significantly stunted the growth of seedlings This is followed by 

discolouration and darkening of root tips and subsequent death of the seedlings (Figure 4 

and 5). Other studies on P. hysterophorous L. extracts exhibited a similar pattern (i.e severe 

root damage and necrosis of root tips) (12,48,49,61) The inhibitory effects of aqueous extract 

of P. hysterophorous L. stems from the water soluble allelochemicals present in the extracts, 

which correlates with other studies (2, 22, 54).  Datta and his associates (21) observed a 

necrosis of root region in Cassia tora L.  and revealed the effect is due to the allelochemical 

parthenin. Exposure of seeds to purified parthenin inhibited germination and produced 

severe root necrosis on lower concentrations which corroborate with our results. Similar 

results were observed on other weed species viz., Amaranthus viridis L., Cassia occidentalis 

L., Echinochloa crusgalli L. and Phalaris minor Retz. (10). The affected roots swelled, 

black root tips, shrivelling, damage to the epidermal tissue and   non-formation of root hairs. 
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Phytochemical profiling  
 

The secondary metabolites potential of P. hysterophorus L. aqueous extracts were 

evaluated by GC-MS analysis. Phytochemical profiling of the extracts exhibited 57 peaks 

from 4.088 min to 32.91 min. A total of 54 compounds were found in the P. hysterophrous 

L. extracts (Table 3). The compounds identified were: 14-Deoxyandrographolide with 2.91 

% of occupied area; Cyclopropanebutanoic acid, 2-[[2-[[2-[(2-pentylcyclopropyl)methyl] 

cyclopropyl]methyl] cyclopropyl]methyl]-, methyl ester which occupied 3.04 % of area and 

Spiro[4.5]decan-7-one, 1,8-dimethyl-8,9-epoxy-4-isopropyl- with 2.35 % occupied area. 

Fewer compounds like 2-Cyclohexen-1-one, 2-methyl-; 2-Dodecen-1-yl (-) succinic 

anhydride; Sclareolide and Epoxylathyrol occupied > 5 % area (Figure-6, Table-3).  

 

 
 

Figure 6. Chromotogram of allelochemicals present in P. hysterophorus L. extract 
 

 
Table 3. List of chemicals identified in the aqueous extracts of P. hysterophorus L. 

 

Peak RT Area (%) Compound 

1 4.088 1.02 3-Methyl-3-butenoic acid 

2 4.835 0.78 2,2-Dimethyl-3-hydroxypropionaldehyde 

3 5.472 5.17 2-Cyclohexen-1-one, 2-methyl- 

4 5.801 1.15 trans-1,4-Cyclohexanediol, bis(trifluoroacetate) 

5 5.947 1.18 cis-2-Hexen-1-ol, trifluoroacetate 

6 6.068 1.18 4-Hexen-1-ol, trifluoroacetate 

7 7.202 1.29 N-Aminopyrrolidine 

8 8.711 0.80 Carbamic acid, phenyl ester 

9 8.796 1.00 Hexanoic acid, 2,2-dimethylpropyl ester 

10 9.829 1.27 cis-2,3-Epoxyoctane 

11 10.033 1.10 Pentanoic acid, pentyl ester 

12 10.738 2.25 trans-2,3-Epoxynonane 

13 11.508 1.13 Bicyclo[2.2.1]heptan-2-ol, 2,3,3-trimethyl- 

14 12.854 3.56 Cyclopropane, 1-bromo-2,2,3,3-tetramethyl-1-prop-1-ynyl- 

15 13.399 0.78 1,5,5-Trimethyl-6-methylene-cyclohexene 

16 13.736 0.80 N-(1-Cyanopropenyl)formamide 

17 13.946 1.07 Bicyclo[3.2.0]hepta-3,6-diene-1-carbonitrile 

18 14.179 1.20 1-Cyclohexene-1-methanol, .alpha.,2,6,6-tetramethyl- 

19 14.662 4.18 2,6S-Diethyl-3,5S-dimethyl-3,4-dihydro-2H-pyran 

20 14.704 5.10 2-Dodecen-1-yl(-)succinic anhydride 
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21 15.171 0.98 
7-Oxabicyclo[4.1.0]heptan-3-ol, 6-(3-hydroxy-1-butenyl)-1,5,5 -

trimethyl- 

22 15.247 1.60 2,4(1H,3H)-Pyrimidinedione, 1,3-dimethyl- 

23 15.701 2.95 Bicyclo[4.3.0]nonan-2-one, 8-isopropylidene- 

24 15.971 2.35 2,4(1H,3H)-Pyrimidinedione, 1,3,5-trimethyl 

25 16.291 2.11 
(3S,3aR,6R,8aS)-3,7,7-Trimethyl-8-methylenehexahydro-1H-3a,6-

methanoazulen-2(3H)-one 

26 16.694 1.61 2,4,6-Trinitro-N-methyl-aniline 

27 16.780 1.61 4-Cycloocten-1-one, 8-(4-octen-4-yl)- 

28 16.921 1.05 Fumagillol 

29 17.210 0.19 3-Isopropyltricyclo[4.3.1.1(2,5)]undec-3-en-10-ol 

30 17.283 2.40 1,2-Dihydropyridine, 1-(1-oxobutyl)- 

31 18.004 1.19 14-Deoxyandrographolide 

32 18.215 2.54 1-Cyclohexene-1-butanal, .alpha.,2,6,6-tetramethyl- 

33 18.646 1.72 14-Deoxyandrographolide 

34 19.491 1.35 
Bicyclo[4.1.0]heptane, 1-(3-oxo-4-phenylthiobutyl)-2,2,6-

trimethyl- 

35 19.596 1.08 Ppropiolic acid, 3-(1-hydroxy-2-isopropyl-5-methylcyclohexyl)- 

36 20.108 0.37 1-Cyclohexene-1-butanal, .alpha.,2,6,6-tetramethyl- 

37 20.424 0.83 Eudesma-4(15),7-dien-1.beta. -ol 

38 20.821 2.62 2-(4,8,12-Trimethylcyclotetradeca-3,7,11-trien-1-yl) propan-2-ol 

39 21.016 1.90 
1-(2-Hydroxypropan-2-yl)-3a-methyl-6,10-dimethylidene-2,3,4,5, 

7,8,9,11,12,12a--decahydro-1H-cyclopenta[11]annulene-5,9-diol 

40 21.478 2.60 1-Methyl-1-n-dodecyloxy-1-silacyclobutane 

41 21.693 0.98 Pent-4-enoylamide, 2-methyl-N-allyl-N-pentyl- 

42 22.317 2.13 
6-(1-Hydroxymethylvinyl)-4,8a-dimethyl-3,5,6,7,8,8a-hexahydro-

1H-naphthalen-2-one 

43 23.427 3.38 i-Propyl nonadecanoate 

44 23.587 1.51 

Cyclopropanebutanoic acid, 2-[[2-[[2-[(2-

pentylcyclopropyl)methyl] 

cyclopropyl]methyl]cyclopropyl]methyl]-, methyl ester 

45 23.858 1.53 

Cyclopropanebutanoic acid, 2-[[2-[[2-[(2-

pentylcyclopropyl)methyl] 

cyclopropyl]methyl]cyclopropyl]methyl]-, methyl ester 

46 24.740 1.18 (-)-Globulol 

47 24.896 1.16 6-Phenylhexanoic acid, TMS derivative 

48 25.151 1.58 2-Butenal, 2-methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- 

49 25.503 5.62 Sclareolide 

50 25.583 6.06 Epoxylathyrol 

51 25.938 1.38 1-Heptatriacotanol 

52 26.206 0.48 Spiro[4.5]decan-7-one, 1,8-dimethyl-8,9-epoxy-4-isopropyl- 

53 26.517 1.87 Spiro[4.5]decan-7-one, 1,8-dimethyl-8,9-epoxy-4-isopropyl- 

54 26.839 0.46 Docosanoic acid, methyl ester 

55 27.163 0.57 

1-Naphthalenepropanol, .alpha.-ethenyldecahydro-2-hydroxy-

.alpha.,2,5,5,8a-pentamethyl-, [1R-

[1.alpha.(R*),2.beta.,4a.beta.,8a.alpha.]]- 

56 30.905 0.30 Cholesterol 

57 32.291 0.84 Stigmasterol 
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The presence of several metabolites allies with the toxic effect of the extracts. 

Allelochemical parthenin is a sesquiterpene lactone biosynthesized during the entire life 

cycle of the P. hysterophorus L.  plant and this compound exhibits broad spectrum 

phytotoxicity (11). In addition, this compound is one of the major phytochemical produced 

by P. hysterophorus L. plants (8,20,23,27,51,57) etc. However, parthenin was not detected 

in phytochemical analysis. This could be due to the presence of parthenin at very low levels 

below the detection range. Further, in the observed compounds at least nine compounds 

(Table 4 and Figure 7) exhibit phytotoxicity with other bioactive molecules of antibacterial, 

antifungal and larvicidal properties.  

 
Table 4.  Phytotoxic chemicals in aqueous extracts of P. hysterophorus and their Bio-activity. 

Compound  Bioactivity Ref 

Carbamic acid, 

phenyl ester 

Germination inhibition, shoot and root growth inhibition on 

radish 
78 

Pentanoic acid, pentyl 

ester 

Inhibition of Germination and radical growth in Raphanus 

sativus, Sinapis arvensis and Lolium multiflorum 
37 

14-

Deoxyandrographolide 

Suppressing germination, shoot growth and root growth on 

Eleusine indica, Ageratum conyzoides, Cyperus distans and 

Oryza sativa 

74 

Cyclopropanebutanoi

c acid, 2-[[2-[[2-[(2-

pentylcyclopropyl)me

thyl]cyclopropyl]meth

yl]cyclopropyl]methyl

]-, methyl ester 

Increases the phenol content, flavonoid content, ROS production 

and antioxidant production, reduction of protein and nucleic acid 

content in Portulaca oleracea leaves. 

24 

Globulol 

Produces inhibition of germination, shoot growth and root growth 

in Solanum elaeagnifolium 
80 

Germination inhibition and suppression of radical growth on 

Raphanus sativus, Lolium multiflorum and Sinapis arvensis 
34 

Germination inhibition on Raphanus sativus 44 

Radical growth suppressive effect on Raphanus sativus 43 

Growth reduction in Agrostis stolonifera 35 

Restricts germination, shoot growth and root growth on lettuce, 

watermelon, cucumber and tomato 
68 

Arrests growth of Lactuca sativa and Agrostis stolonifera 

seedlings 
36 

Restricted germination, shoot growth and root growth on Sinapis 

arvensis, Lolium rigidum and Trifolium campestre 
33 

Restricts growth of Lemna minor 60 

Sclareolide Growth inhibition of Lemna minor plants 18 

1-Heptatriacotanol 

Restricted germination, shoot growth and root growth on Sinapis 

arvensis, Lolium rigidum and Trifolium campestre 
33 

Root growth inhibition on seedlings of Lactuca sativa 72 

Suppress germination, plant growth and yield, reduces 

photosynthetic pigments and protein content, increases  

production of phenols and proline on Lens culinaris 

41 
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Inhibition of germination on Eragrostis teff under water stressed 

conditions 
26 

Docosanoic acid (or) 

Behenic acid, methyl 

ester (or) Methyl 

behenate 

Inhibition of germination on Eragrostis teff under water stressed 

conditions 
26 

Produces growth regulatory effects and death of Lemna minor 

fronds 
58 

Growth inhibition of Lemna minor 4 

Growth inhibition and death of Lemna minor 64 

Shoot and root growth inhibition on Cynodon dactylon seedlings 5 

Stigmasterol 

Growth inhibition and death of Lemna minor 64 

Radicle growth inhibition on Lens esculentum 77 

Inhibits the germination, shoot growth and radicle growth of 

Bidens pilsoa 
65 

Restricts growth of Lemna minor 60 

Reduced germination, shoot growth and fresh weight on Vigna 

ungiculata 
38 

Growth inhibition of Lemna minor 52 

Reduction in root/shoot length and dry weight of  Cassia tora 

seedlings. Ruptures and shrink leaf epidermal cells; damaged 

margins and necrosis on Cassia tora leaf 

53 

Inhibition of growth in Lemna minor 32 

 
 

      
 

Figure-7 Quantity of phytotoxic compounds in P. hysterophorus L. extract 

Several studies proved their herbicidal properties in various plant species. For 

example: phytochemicals like Carbamic acid, Pentanoic acid and phenyl ester showed 

inhibition of germination and restricting shoot along with root growth in radish seeds                

(24,37,78). Herbicidal potential of Rumex dentatus L. is due the presence of 

Cyclopropanebutanoic acid, 2-[[2-[[2-[(2-pentylcyclopropyl)methyl] cyclopropyl]methyl] 

cyclopropyl] methyl]-, methyl ester has been confirmed (24). Other observed compounds 

like globulol (34,80), sclareolite (18), 1-Heptatriacotanol (41,72), Docosanoic acid methyl 

ester (26,58) exhibits poor germination, restricted shoot and root growth, in various 
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seedlings. A list of phytochemicals of P. hysterophorous L. identified in the aqueous extract 

and their phytotoxic activities are given in the table 4.  From these results, it is clear that, 

aqueous extract of P. hysterophorous L. contains multiple phytotoxins that might contribute 

to the observed toxicity on the weed plant P. oleracea L. The challenges of using organic 

solvents to prepare plant extracts in field conditions.led us to use its aqueous extracts. 

  

Distribution of P. hysterophorous L. and P. oleraceae L. in experimental fields 
 

 Allelopathic suppression of weeds is a natural mechanism found in many 

ecosystems, where weeds influence the growth and survival of neighboring plants (66). By 

producing the of phytochemicals and phytotoxic exudates, they exert allelopathic effects and 

thereby shape the plant community, biodiversity and influence species composition (3). In 

order to assess the allelopathic activity of P. hysterophorous over the growth of P. oleracea 

L., the distribution of P. oleracea L.  was assessed in fields heavily and lightly infested with 

P. hysterophorous L. We found an antagonistic interaction between the two species              

(Figure- 8 A) in field conditions. The number of P. oleracea L.  is significantly reduced in 

the fields with heavy parthenium infestation, whereas, the fields with light parthenium 

infestation have relatively higher number of P. oleracea L. In addition, we found that in 

presence of P. hysterophorous L., P. oleracea L.  exhibited stunted growth with greatly 

reduced plant size (Figure- 8 B and C).  

 

 
Figure 8. Bar graph showing the allelopathic effect of P. hysterophorous L. on distribution P. oleracea 

L.  A: Number of P. oleracea L. (black shade) and the number of P. hysterophorous L. (grey shade) 

is inversely proportional. Light : Light parthenium infested fields; Heavy - Heavy infested fields.  

B: P. oleracea L. (exhibited stunted growth when seen with P. hysterophorous L. Red arrows showing 

the under developed P. oleracea L. C: enlarged image 
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These results clearly signify the phytotoxic effect exerted by P. hysterophorus L. 

over the germination and growth of P. oleracea L. Allelopathic effect of weed species like 

P. hysterophorus L., species were well documented on the growth of other weed species 

which correlates with the observed effect (55). Altogether, this study unravels the 

bioherbicidal potential of P. hysterophorus against P. oleracea L. The diverse array of 

phytochemicals with allelopathic properties in the extract not only underscores its potential 

as a bioherbicide but also paves the way for its application in field conditions using aqueous 

preparations 
 

CONCLUSIONS 
 

We proposed an effective way to utilize P. hysterophorus L.  as bioherbicide 

against weed P. oleracea L.  The allelochemicals present in P. hysterophorous L., aqueous 

extract significantly inhibited the germination and growth of P. oleracea L. The extracts 

caused the root necrosis showing the inhibitory activity of toxic allelochemicals including 

parthenin in weed management. GC-MS identified 9-phytotoxic allelochemicals (Carbamic 

acid phenyl ester, Pentanoic acid pentyl ester, 14-Deoxyandrographolide, Cyclopropane 

butanoic acid, Globulol, Sclareolide, 1-Heptatriacotanol; Docosanoic acid and Stigmasterol) 

and validated the efficacy of aqueous extract. This study showed the allelotoxic potential of 

Parthenium hysterophrous L.  weed against another weed Portulaca oleracea L.  
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