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ABSTRACT 

Biopesticides are more environment-friendly than synthetic insecticides. This research aimed to see 

whether there is any indication of phytochemical compounds in the extracts of Parthenium 

hysterophorus by using methanolic extraction and determination of bio-pesticide residues applied on 

potato and okra crops, grown in a field at the Nuclear Institute for Food and Agriculture (NIFA), 

Peshawar, Pakistan. Gas Chromatography-Mass Spectrometry (GC-MS) was used to uncover the 

phytochemical constituents in P. hysterophorus. The outcomes revealed that alkaloids, flavonoids, 

carbohydrates, proteins, phenols, and tannins were present in the methanolic extracts. Quantitative 

analyses showed a total of 18 active components in P. hysterophorus dominated by Octadecanoic 

acid (40%), Carotol (10.5%), and Delta Bisabolol (10.5%). The compounds with lower 

concentrations were   Sabinene (0.32%) and Methhoxy-4-vinyl phenol (0.54%), while the others with 

higher concentrations were Propan 1, 1 diethoxy (92%), Beta-Caryophyllene (71%), Ledol (84%)  
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and Myristyl chloride (78%). A very simple and rapid QUECHER method was used for sample 

preparation of okra and potato for the determination of bio-pesticide residues and all the residues were 

below the Maximum Residual Limit (MRL). The current study reveals that the P. hysterophorus 

extract was capable of herbicidal potential. The lowest number of whitefly and aphid per leaf was 

recorded in Parthenium treated plot while the highest number of whitefly and aphid per leaf was 

recorded in the control plot. 

Keywords: Bio-pesticides, GC-MS, P. hysterophorus, Phyto chemical screening, toxic residues. 

1. INTRODUCTION 

P. hysterophorus is one of the most common and cosmopolitan weeds. It is also a toxic, pernicious, 

and dangerous plant (Andrade-Cetto and Heinrich, 2005; Kumar et al., 2012), ranked eighth among 

the top 10 noxious weeds globally. Being a broadleaved weed, it has long tape roots growing deeper 

into the soil having sufficient water use efficiency. In addition, it has an excellent capability of 

proliferating seed production and may grow up to a height of two meters at times. Seed dispersal 

mostly occurs through water, vehicles, and other mechanical activities, and to a lesser degree by 

breeze, animals, and floods (Bessada et al., 2015; Alam et al., 2022). 

P. hysterophorus possesses antifungal, anti-inflammatory, antibacterial, anthelmintic, anti-

molluscan, and antiviral properties (Bessada et al., 2015; Ullah et al., 2016). It also has fungal 

activities on humans and plants (Kaur et al., 2021; Gutierrez et al., 1999). P. hysterophorus is rich in 

N, P, K, Ca, Mg, and chlorophyll content (Apurva et al., 2010). (Javaid, 2008) used P. hysterophorus 

weed as green manure for maize and mung bean production. The highest root and shoot biomass in 

maize was obtained in the 3% green manure treatment, which was significantly greater than that 

obtained in the control and equivalent to that obtained in the NPK fertilizer treatments. The effect of 

P. hysterophorus, on wheat (Triticum aestivum L.) cultivation, was studied. The highest root biomass 

was recorded in the 3% treatment. Spike length, number of grains per spike, and grain yield 

gradually increased. (Motmainna et al., 2021) study revealed that the P. hysterophorus extract has 

herbicidal potential compared with synthetic herbicides. Nowadays, Microbiologists and 

Entomologists are depending on Phytochemicals, as well as plants derived dietary supplements for 

the treatment of infectious and plant diseases (Pandey et al., 2015). According to scientific 

investigations many plant products inhibit the growth of plant pathogens (Deshpande, 2017). Phyto 

chemicals are bioactive chemicals of plant origin which are recognized as secondary metabolites. 

These active components normally manufactured in each part of the plant body; skin, leaves behind 

stalk, origin, flower petal, fruit products seeds (Tiwari et al., 2011). This study was conducted with 

the objectives to find out the active compounds existing in the crude extract of P. hysterophorus and 

to determine the residual toxicity of the extract (bio- pesticide) on potato and okra plants. 

2. MATERIALS AND METHODS 

The seeds of P. hysterophorus were collected from infested fields and were grown in at NIFA, 

Peshawar, Khyber Pakhtunkhwa (KP), Pakistan in 2018. The plant leaves were brought to the 

laboratory to prepare the extract (bio-pesticide); the leaves were cleaned with tap water and dried in 

shadow at room temperature. 
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Experimental Design 

Two field experiments were carried out at NIFA, Peshawar, using a Completely Randomized Design 

to ensure real findings. The Parthenium extracts (bio-pesticide) and control were replicated 3 times. The 

land was separated into 2 plots each for potato and okra crops. The unit plot size kept in the potato 

experiment was 35 ft wide and 80 ft long, with Row to Row spacing of 24 inches and plant   to plant 

spacing of 12 inches. On the other hand, the unit plot size of the okra experiment was 15 ft (width) × 

90 ft (length), keeping 18 inches of space between rows and 12 inches between plants. 

The normal agronomic practices like land preparation, irrigation, and fertilization were done as per the 

standard requirements of the crops. The okra seeds were sown at a rate of 3 kg ha-1 on April 18, 

2018, while the seed rate for potato crop sowing was 300 kg ha-1, sown on Oct 03, 2018. The 

extracts were sprayed on the emerged crop plants 3 weeks after sowing, followed by a second spray 

15 days later. 

Preparation of Plant Extract of P. hysterophorus 

A pestle and mortar were used to convert the dry leaves of P. hysterophorus into fine powder. An 

amount of 400 ml of methanol was added to a 100 g powder of the plants, to make about 10% of the 

total required stock of the plant biomass. The powdered plant biomass and the methanol slurry were 

mixed in a shaker (Stuart SSM1) for 3 h at 260 rpm, followed by filtering via a Buchner funnel with 

filter paper (Whatman Number 42) for the dumping of desiccants. The methanol portion must be 

isolated and dried before doing the other treatments. precipitate was added to water in a mixer tapered 

jar to make one liter of the required liquid. The mixture was vigorously shaken and left for 24   h, and 

from that point onward, separated through muslin fabric to eliminate the impurities (Jan et al., 2022; 

Alam et al., 2022; Edde, 2022). 

To generate the bio-pesticide of P. hysterophorus, 5 ml of Parthenium extract was mixed in the 

solvent adjuvant and the volume was enhanced up to a ten-liter amount. The container was filled 

halfway with the help of water. The organo-sulfur chemical developed by NIFA (named NIFA 

adjuvant) functioning as a lubricant, diffuser, and adhesive was added to the container. This resultant 

product was sprinkled on potato and okra crops as a bio-pesticide treatment to match the residue effect 

in both the crops and their herbicidal effect on Aphids and Whitefly of okra and potato. 

Sample Preparation for residues analysis of bio-pesticides 

The potato and okra samples were brought to the laboratory. A representative portion of the samples 

was chopped and homogenized. 

Quecher Method 

The Quecher Method (Romero et al., 2014) was applied for the said purpose. This procedure is for 

the function of bio-pesticide taking place within potato and okra plants. A 10 g amount of normalized 

potato sample was tested in a 50 ml polypropylene tube. A 10 ml acetonitrile was also added, and the 

mixture was stirred for 10 min time intervals. The tube was immediately spun after adding 4 g of 

aqueous Magnesium Sulfate (MgSO4) with 1 g of Sodium Chloride (NaCl). 
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Afterward, the tube was centrifuged at 4000 rpm for about 5 min. For the cleaning-up process, 7.5 

ml of the surplus solution was added to the PP tube that contained the mixture of the 1.5 g MgSO4, 0.15 g 

alumina, and 0.005 g charcoal, manually mixed, and then rotated at 4000 rpm for about 5 min. 

Finally, 1 ml supernatant solution was poured into the vessel (Romero et al., 2014; Peng et al., 

2017). 

Identification of Active Compounds 

Few plants possess multiple active ingredients to be responsible for their biological control properties. 

A phytochemical screening test and GC-MS analyses of the crude extract of P. hysterophorus were 

conducted to discover the presence of the active chemical ingredients. 

GC-MS Analysis 

The extracts were examined using GC-MS to determine the bioactive compounds present in the 

extracts. The GC-MS was used to examine the different crude extracts of the plants. To vaporize the 

extracts, going on into the column, a split-less injector was fitted on the machine with an electronic 

impact (EI) detector. The wall thickness of the TRB-5-MS capillary column was 0.25 mm, with a 30 

m length and a 0.25 um motionless film thickness. Three temperature ranges were utilized during the 

experiment i.e., it was first regulated at 25°C to 125°C/min, then to enhance the rate, it is elevated to 

10°C/min from 125°C to 300°C. And finally, the third with 300 to 500°C at a rate of 10°C/min, was 

maintained for 15 min. For pesticide determination, the GC-MS has a minimum detection limit of 

0.1 ppb. One GC run took 36.5 min to finish.  

Statistical analysis 

General statistics was done like mean, and standard deviation in addition to complex statistical analysis 

like one-way ANOVA. The Least Significant Differences (LSD) test was done by utilizing the 

program Statistical Packet for Social Sciences (SPSS) variation for windows. 

3. RESULTS  

Phytochemical analysis 

Phytochemical tests were performed to find the existence of active chemical constituents. 

Phytochemical screening of crude extracts was carried out according to the standard methods, 

described by (Trease and Evans, 1989) with little modification. Phytochemical analysis of crude 

extracts for the evaluation of phytochemicals such as tannins, alkaloids, steroids, phenols, glycosides 

terpenoid, and flavonoid was performed (Taludker et al., 2010; Tiwari et al., 2011). 

The results of the phytochemical screening of P. hysterophorus in methanol are shown in Table 1. 

The chemical constituents of steroids, flavonoids, tannins, alkaloids, saponins, carbohydrates, and 

terpenoids were all found in the extracts of Parthenium; however, the reducing sugars, phenols, and 

proteins were not found. 

GC-MS Analysis 

The main goal of this instant research was to find as many chemical compounds as possible, and in 

this regard, a total of 18 chemicals were identified in the extracts based on the GC-MS analyses. 

According to the quantitative analyses, the principal ingredients were Octadecanoic acid (40 %), 
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Carotol (10.5 %), and Delta Bisabolol (10.5 %), with Sabinene (0.32 %) and Methoxy-4-vinyl phenol 

(0.54 %) having lesser amounts, as shown in Table 2. 

Residues of bio-pesticides 

The Quecher method had been used for sample preparation of potato and okra for determination of the 

bio-pesticide residues. The level of bio-pesticide residues was analyzed at GC-MS. At the time of 

harvesting, no remnants were found, as per the reported results. Except for limonene and D-limonene 

contamination, there have been no traces in any of the samples. In both Parthenium treated and control 

plots, the residues limit was below the MRL. 

Bio-herbicidal effect of Parthenium on aphids and whitefly of potato and okra 

1. Whitefly population 

According to the statistical analysis, one way ANOVA at the level of p ≤ 0.05 revealed no 

significant   change in the means of all treatments. In Parthenium Biopesticide during 1st spray whitefly 

population         ranged from 3-3.8 with an average of 3.5 on the 22nd day, and 3-3.6 with an average of 3.3 

on 23rd the   day, and from 3.4-4 with an average of 3.6 on the 28th day. Thereafter, at 2 weeks spray 

intervals (No spray) the whitefly population increased ranging from 6.4-7.5 with an average of 6.8 on 

the 42nd day. On the 2nd spray, the population ranged from 2.8-3.4 with an average of 3.1 on the 43rd 

day, from 2.6-3.2 with an average of 2.9 on the 44th day and from 3.4-4 with an average of 3.7 on the 

49th day. 

2. Aphids’ population 

According to the statistical analysis one-way ANOVA at the level of p ≤ 0.05 revealed no significant 

change in the means of all treatments. Table-4 presented that the aphid’s population on 1st spray 

ranged from 2.2-3.6 with an average of 2.9 on the 22nd day, from 2.6-3.2 with an average of 2.8 on 

the 23rd day, and 3.2-3.8 with an average of 3.5 on the 28th day. Thereafter at 2 weeks spray intervals, 

the aphid’s population increased ranging from 7-7.8 with an average of 7.5 on the 42nd day. On the 2nd 

day the population ranged from 2.4-3 with an average of 2.8 on the 43rd day, from 2-3 with an average 

of 2.4 on the 44th day, and from 3-3.8 with an average of 3.4 on the 49th day. 

4. DISCUSSION 

The current study was carried out at NIFA Peshawar, to discover the active components of the P. 

hysterophorus plant biomass and to assess the residual impact of the bio-pesticide if any. In the present 

study, phytochemical screening of P. hysterophorus was performed. The results showed that the 

tested plant extract contained most of the phytochemicals, including alkaloids, flavonoids, tannins, 

carbohydrates, terpenoids, saponins, and steroids. Qualitative analysis results confirmed the absence 

of reducing sugar and phenolic compounds in the extract of P. hysterophorus. 

Saponin, tannins, flavonoids, and alkaloids were found in the distilled water extracts, but glycosides 

and terpenoids were not. Terpenoids and flavonoids were found in the methanolic extract of P. 

hysterophorus. Alkaloids, flavonoids, carbohydrates, phenols, saponin, tannin, steroids, ninhydrin, and 

oil were identified in the methanol extract of parthenium (Kaur et al., 2022). Furthermore, they 

worked on the ethnobotanical uses, phytochemistry, biological potential, and toxicology of P. 

hysterophorus.         Miranda et al. (2014) and, Shi & Adkins (2020) investigated the chemical makeup 

of the oil and discovered 27 molecules in P. hysterophorus. Germacrene (36%) was the most 

common component, followed by trans-B-ocimene (9%), and B-myrcene (8%). 
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Gas chromatography with mass spectrometry is a well-known method for identifying bioactive 

chemicals in medicinal plants. Long-chain and branched-chain hydrocarbons, alcoholic compounds, 

acids, and esters are the only few examples studied. As no residues were left on the crop, natural 

properties are environmentally non-threatening. 

The investigated bio-pesticide residues were detected at the harvesting stage. The goal of the study 

was to figure out how hazardous the sprayed bio-pesticides on potatoes were when they were dried. 

The findings are consistent with those of other researchers who worked on pesticide residues in crops 

such as tomatoes etc. (Arasu et al., 2022) and (Regakis et al., 2021) investigated the influence of 

different extracts of certain plants on tomatoes and their residues. When tested for residual tendency, 

the azadirachtin in tomatoes was found to be under the MRL threshold. In both the organic and 

conventional agricultural systems, bio-pesticides can be used as a stand-alone treatment because no 

residues are detected (Berger, 2013). It is a big success for the exported goods, as concerns with 

maximum residue limits continue to be a problem in Pakistan (Jan et al., 2022; Marinos et al., 2022). 

The long-term impacts of various botanical insecticides applied on okra were determined using 

extracts of Neem by (Azadirachta Indica), Tobacco (Nicotiana tabaccum), Akk 

(Citrolluscolocynthus       L.), Datura (Datura stramonium), Garlic extract (Alliumsativum L.), Eucalyptus 

(Eucalyptus oblique, Eucalyptus occidental). The limit set by the European Union (EU) for residues 

to be is 0.01 mg kg-1 for all foodstuffs. Consequently, the study's findings revealed that bio-pesticide 

residues were not found in all samples since they are ecologically benign and derived from 

plants and they are disintegrated quickly by photo, hydro, and thermal degradation processes 

(Kumar et al., 2012). 

The extract of P. hysterophorus weed might be utilized to make a bio-herbicide or bio-insecticide based 

on the natural product for greener, and long-lasting successful farming (Motmainna et al., 2021). In 

several sectors, parthenium can be used as a supplement, raw substance, pesticide, insecticide, and 

herbicide (Bashar et al., 2021). Because of its nutritional properties, it might also be used as a 

recycling agent but there is a need for any additional investigation to see if this can be used as a 

composting agent and a natural insecticide in different crops. (Hirmath and Ahn, 1997) reported that 

the methanol extract of P. hysterophorus was superior to other insecticidal plants tested against 

paddy brown plant hopper. 

5. CONCLUSION 

Bio-pesticides are a type of pesticide that can be used in combating insect resistance and environmental 

pollution because all the residues were below the MRL limits. The quality and safety of fresh 

vegetables will improve with the development of such bio-pesticide. At the same time, the detention 

and denials in the market will also dramatically decrease. Tannins, flavonoids, phenol, terpenoids, 

steroids, and carbs were discovered in P. hysterophorus. The major ingredients were Octadecanoic 

acid, Carotol, and Delta Bisabolol. The Quechers approach was employed, a simple and quick 

procedure. The sensitivity and confirmatory power of GC-MS analysis were shown to be sufficient for 

determining the bio-pesticide residues at maximum residue limits. The findings of this study revealed 

that bio-pesticide residues were not found in all the samples. The use of plant-based bioherbicide 

(Parthenium) can control aphids and the number of whiteflies in the field.    
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The most phytotoxic compounds from P. hysterophorus can be synthesized to develop new natural 

herbicides with novel modes of action. By substituting these natural compounds with traditional 

pesticides, environmental hazards can easily be avoided, and the non-target insects can be conserved. 
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Figure -1: Experimental flow chart 

 
Table 1. Qualitative assessment of phytochemical present in P. hysterophorus 

 

Phytochemicals P. hysterophorus 

Alkaloids + 

Carbohydrates + 

Saponins + 

Glycosides + 

Protein and Amino acids + 

Reducing sugar - 
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Phenolic compounds - 

Flavonoids + 

Terpenoids/Steroids + 

Tannins + 

 

Figure -2: Phytochemical screening of P. hysterophorus 

 

 
 

Table-2: Quantitative determination of components in P. hysterophorus 

 
Name 

Concentration 
(%) 

 
Ret. time 

 
Area 

Propane 1,1 diethoxy 0.92 3.974 17994 
Delta –Pinene 0.6 8.934 11809 

   18126 
Beta-Myrcene 9.29 9.167 1 
Camphene 0.61 9.773 11928 
Sabinene 0.32 10.875 6247 

   17513 
Acetic acid (1methyl exthroxyl ethyl ester) 8.97 10.976 6 
Methhoxy -4-vinyl phenol 0.54 11.292 10529 
Eugenol 2.3 11.555 44951 
Beta Caryophyllene 0.71 12.052 13885 
Germacrene B 1.36 12.246 26596 
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Beta Seliene 4.02 12.825 78530 

 

   20519  

Delta Bisabolol 10.51 13.158 5  

   21024  

Carotol 10.7 13.375 5  

   79927  

Octadecanoic acid 40 13.494 8  

   11109  

Androstane-3,17, dione 5.69 14.835 8  

Tetracosane 0.76 15.328 14850  

Myristyl chloride 0.78 15.328 15260  

 Ledol 0.84 16.256 16387  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure -3: GC-MS chromatogram of residue 
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Figure -4: Aphids on potato leaves 

 
Table-3: Bio-pesticidal effects of Parthenium against aphids on potato plant 

 

Biopesticides 
22nd

 
day 

 

23rd 
day 

 

28th 
day 

Spray 
interval 
to 42nd 

 

43rd 
day 

 

44th 
day 

 

49th 
day 

  day  

Parthenium 2.8 2.6 3.2 7.8 03 2.2 3.4 
 3.6 2.6 3.8 07 2.4 3 3 
 2.2 3.2 3.6 7.8 3 2 3.8 

Max 3.6 3.2 3.8 7.8 03 03 3.8 
Min 2.2 2.6 3.2 07 2.4 02 03 
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Figure -5: Whitefly on leaves of okra 

 

Table-4: Bio-pesticidal effect of Parthenium against whitefly on okra plant 

 

 
Biopesticides 

22nd 
day 

23rd 
day 

28th 
day 

Spray 
interval to 

43rd 
day 

44th 
day 

49th 
day 

  42nd day  
 

Parthenium 3 3 3.4 6.4 3.4 3 4 
 3.6 3.4 4 6.6 3.2 2.6 3.4 
 3.8 3.6 3.4 7.5 2.8 3.2 3.6 

Max 3.8 3.6 4 7.5 3.4 3.2 4 
Min 3 3 3.4 6.4 2.8 2.6 3.4 
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Figure-6: Bio-pesticidal effect of P. hysterophorus against aphids and whitefly 
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