



Phytochemicals and Allelopathic Effects of Aqueous Extracts of Petiveria alliacea L. on Selected Key Agricultural Weeds: Euphorbia heterophylla L. and Cyperus esculentus L. in Ibadan, Nigeria


Abstract
Allelopathy contributes to sustainable agriculture by acting as a natural herbicide or growth regulator depending on specific phytochemicals and their concentrations. Petiveria alliacea, an indigenous shrub, exhibits allelopathic potential through its bioactive compounds. This study was carried out to investigated the phytochemical composition and allelopathic effects of aqueous shoot (PaSE) and root extracts (PaRE) of P. alliacea on the germination and early growth of Euphorbia heterophylla seeds and Cyperus esculentus corms in Ibadan, Nigeria. Mature shoots and roots were soaked in distilled water for 24 hours, filtered, and subjected to qualitative and quantitative phytochemical analyses. Four concentrations (100, 75, 50, and 25%) of PSE and PREshoot and root extracts of P. alliacea were applied to seeds and corms in Petri dishes, with distilled water as control. Germination percentage, radicle, and plumule lengths were recorded on day seven and analyzed using ANOVA (α = 0.05). Results indicated the presence of saponins, terpenoids, anthraquinones, and flavonoids in both shoots and roots, while tannins, alkaloids, phenols, and cardiac glycosides were restricted to roots. Terpenoid levels were higher in shoots, whereas other phytochemicals were more concentrated in roots. All extract concentrations significantly inhibited germination and early growth of both species. PSE at 100% showed the greatest suppression, reducing germination of E. heterophylla to 30.3% and C. esculentus to 63.3%, completely inhibiting radicle and plumule growth in E. heterophylla, and substantially reducing shoot and root lengths in C. esculentus. These findings demonstrate that aqueous extracts of P. alliacea contain potent inhibitory phytochemicals capable of suppressing germination and seedling development, indicating their potential as effective pre-emergence bioherbicides for sustainable weed management.	Comment by hp: Do not use such abbreviations	Comment by hp: Delete	Comment by hp: Round off % values to whole numbers.
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1. INTRODUCTION	Comment by hp: Improve Introduction. Add about the use of allelopathy in the management of agricultural pests. 
Allelopathy is a phenomenon that benefits ecological and sustainable agriculture, as it provides alternative solutions to the problems associated with the use of synthetic herbicides in weed management. Allelopathy occurs when chemical substances (allelochemicals) released by a plant lead to a deleterious or beneficial alteration in the growth and development of neighboring plants [1,2]. Allelochemicals are secondary metabolites that occur naturally and can act singly or in combination to produce both inhibitory and stimulatory effects, impacting plant communities, improving agricultural productivity, and facilitating sustainable weed management [3,4]. Some of the common allelochemicals known to play prominent roles in allelopathic plants include flavonoids, phenols, saponins, terpenoids, alkaloids, anthraquinones, cardiac glycosides, and tannins [5,6]. The chemicals released from plants into the environment can influence plant growth, including seed germination, seedling growth, and development [7,8]. The phenomenon of allelopathy has been exploited to control various agricultural pests including fungi (9,10), weeds (11,12) and insects (13,14). This study investigated the phytochemical composition and allelopathic potential of aqueous extracts from Petiveria alliacea L. on the germination and early development of two prominent and problematic agricultural weeds: Euphorbia heterophylla L. and Cyperus esculentus L. [9,10].	Comment by hp: Objective should be at the end of Introduction.	Comment by hp: Delete these references
Petiveria alliacea, a perennial shrub belonging to the family Phytolaccaceae, is native to tropical forests where it is found growing in habitats such as roadsides, forest edges, disturbed areas, pastures, and agricultural fields [151,162]. It is commonly known as garlic weed due to its unique garlic-like odor and has different names across tribes in Nigeria: Awogba arun, Ewe-soro, or Ojusaju (Yoruba), kanunfari (Hausa), and Akwa-Ose (Igbo) [173]. The plant has multi-purpose benefits in pharmacological and medicinal roles, serving as an anti-inflammatory [184], analgesic [195], antimicrobial [1713], anticancer [2016], and anti-tumor agent [2117]. It has also been used as an insecticide, rodent repellent, and acaricidal [151]. It is a plant that forms a dense population and usually dominates other plants in its natural habitat [162], providing a good reason to investigate its potential for allelopathy. --------------- This study investigated the phytochemical composition and allelopathic potential of aqueous extracts from Petiveria alliacea L. on the germination and early development of two prominent and problematic agricultural weeds: Euphorbia heterophylla L. and Cyperus esculentus L.	Comment by hp: Objective should be at the end of Introduction.
2. MATERIALS AND METHODS
2.1 Experimental site and materials
The bioassay was conducted at the Ecology Research Laboratory of the Department of Crop Protection and Environmental Biology, University of Ibadan, Ibadan, Nigeria. Mature plants of Petiveria P. alliacea were harvested from the Botanical Garden (07º45760`N; 03º 89353`E; 185 m asl) of the University of Ibadan, Ibadan. Seeds of Euphorbia E. heterophylla were collected from the Teaching and Research Farm (07º45792`N; 03º 89707`E; 203 m asl), University of Ibadan, Ibadan, and corms of Cyperus C. esculentus were purchased from Bodija Market in Ibadan, Ibadan, Oyo State, Nigeria. The phytochemical analysis of mature Petiveria alliacea was conducted at the Pharmaceutical Chemistry Laboratory of the University of Ibadan, Ibadan, Nigeria.
2.2 Preparation of Petiveria P. alliacea shoot and root extracts
The aqueous extraction of fresh shoots and roots of Petiveria P. alliacea was performed using previously established protocols with modifications [28].  Freshly harvested mature Petiveria alliacea was separated into shoots and roots and cut into small chips. Four hundred (400) g of each plant part was separately weighed on a Mettler balance and subsequently crushed using a wooden mortar and pestle. Each of the crushed parts of the plant material was soaked in 1,000 mL of distilled water for 24 hours at room temperature (27 ± 2°C). The suspension obtained was shaken vigorously, filtered through a 50-60 mm sieve, and subsequently filtered three times using a muslin cloth pore-sized sieve to obtain the filtrates. The filtrates obtained were the shoot and root stock solutions (100% w/v). The stock solutions were diluted with varying volume of the distilled water to obtain three other concentrations: 75%, 50% and 25%. The extracts were stored in a regulated, cooled incubator at 4°C to prevent putrefaction and degradation of phytochemicals that may be present until needed for treatment applications. The different concentrations of aqueous extracts of the shoot and root, and distilled water, which served as the control, were the nine treatments as follows:	Comment by hp: Just write P.	Comment by hp: Use symbol h
1. 100% aqueous Petiveria P. alliacea shoot extract (PaSE-100)
2. 75% aqueous Petiveria P. alliacea shoot extract (PaSE-75)
3. 50% aqueous Petiveria P. alliacea shoot extract (PaSE-50)
4. 25% aqueous Petiveria P. alliacea shoot extract (PaSE-25)
5. 100% aqueous Petiveria P. alliacea root extract (PaRE-100)
6. 75% aqueous Petiveria P. alliacea root extract (PaRE-75)
7. 50% aqueous Petiveria P. alliacea root extract (PaRE-50)
8. 25% aqueous Petiveria P. alliacea root extract (PaRE-25)
9. 0% Distilled water  
A total of 10 seeds of Euphorbia E. heterophylla and corms of Cyperus C. esculentus were separately placed in Petri-dishes (9-cm) lined with Whatman No.1 filter paper. The Petri dishes were randomly arranged on the laboratory bench at room temperature (27±2oC). Three (3) mL of each treatment was applied to the appropriate Petri-dish using a graduated syringe. The Petri-dishes were monitored daily for seven (7) days for the emergence of radicle as evidence of seed germination and of roots from the sprouting corms. The germinated seeds and sprouted corms in each Petri dish were counted and recorded daily. These were used to calculate germination and sprouting percentages (Ogbu et al., 2020) as follows:                                   	Comment by hp: Write in number

Where Gn is the number of seeds that germinated at 7 days, and GN is the total number of seeds sown (seeds set for germination).  The plumule and radicle lengths (cm) were measured by random selection of three (3) germinated seeds and sprouted corms in each Petri-dish. Treatments were compared using analysis of variance (ANOVA) at 5% level of significance, and mean values were separated using Duncan Multiple Range Test.
2.3 Qualitative determination of phytochemicals in aqueous shoot and root extracts of Petiveria P. alliacea	Comment by hp: Try to short headings
Part of the sample was taken and used for screening of phytochemical constituents present in the shoot and root extracts of Petiveria alliacea, using standard procedures with modifications [373,384]. Tannin was determined using Braymer’s test [37,3640,33]; the saponins by emulsion formation method [395]; flavonoids by using the ammonia test [384]; terpenoids by dissolving samples in chloroform and conc. sulphuric acid [351]; cardiac glycosides by using the Keller-Killani test [36]; alkaloids using Mayer’s [4238,3329] and Draggendorff’s test [37,3640,41]; anthraquinones using Borntrager’s test [351]; steroids using the acetic anhydride test [384]; and phenol using the ferric chloride test [4238].	Comment by hp: Write in correct order
2.4 Quantitative Determination of Phytochemicals in Aqueous Extracts of Shoot and Root of Petiveria alliacea 
Part of the sample was subjected to quantitative phytochemical analysis to estimate the amount of the phytochemicals (alkaloids, flavonoids, terpenoids, saponins, total phenols and tannin) present using standard procedures with modifications [32,3034,36].




3. RESULTS
3.1 Effects of aqueous extracts of Petiveria alliacea L. on germination and performance of Euphorbia heterophylla seeds	Comment by hp: Headings are too lengthy
In the first trial, seed germination decreased as the concentration increased. The lowest germination percentage was observed in PaSE-100, while the highest germination percentages were obtained in PaSE-25, PaRE-25, and the control treatments (Table 1). The difference between germination percentages at high concentrations compared to PaSE-25, PaRE-25, and the control was significant (P < 0.05). The percentage of seed germination followed the same trend in the second trial. Again, the lowest germination percentage was observed at PaSE-100, while the highest germination percentages were observed in PaSE-25, PaRE-25, and the control (Table 1).	Comment by hp: Better to write full text
3.2 Effects of aqueous extracts of Petiveria alliacea L. on radicle and plumule development of Euphorbia heterophylla seeds
The impacts of the aqueous shoot and root extracts of P. alliacea on the radicle length of germinating seeds of Euphorbia heterophylla showed that all concentrations of aqueous shoot and root extracts of Petiveria alliacea reduced the radicle length in the first and second trials (Table 1). The radicle length of E. heterophylla increased as the concentrations of the aqueous shoot and root extracts of P. alliacea decreased in both the first and second trials. In the first trial, the lowest radicle length of E. heterophylla was obtained in PaSE-100, PaRE-100, PaRE-75, and PaRE-50, while the highest radicle length was obtained in the control. All treatments showed a significant (P ≤ 0.05) reduction in the radicle length of E. heterophylla compared to the control. Additionally, the results from the second trial revealed that all treatments, except for PaRE-25, gave the lowest radicle length of E. heterophylla, while the control treatment exhibited the longest radicle length. All treatments significantly (P ≤ 0.05) reduced radicle length compared to the control (Table 1).  
The impacts of the aqueous shoot and root extracts of P. allliacea on the plumule length of germinating seeds of Euphorbia heterophylla showed that all concentrations of aqueous shoot and root extracts of Petiveria alliacea reduced the plumule length in the two trials. In the first trial, the lowest plumule length of E. heterophylla was the same across all the concentrations of the aqueous shoot and root extracts of P. alliacea, except for PaSE-25 and PaRE-25. The highest radicle length was obtained in the control. All treatments showed a significant (P ≤ 0.05) reduction in the plumule length of E. heterophylla compared to the control. The results followed the same trend in the second trial with all treatments, except PaRE25, having the lowest plumule length, while the control had the highest plumule length. All treatments significantly (P ≤ 0.05) reduced plumule lengths compared to the control (Table 1).  
3.3 Effects of aqueous extracts of Petiveria alliacea L. on sprouting of Cyperus esculentus corms
In the first trial, the percentage of corm sprouting decreased as the concentration increased. The lowest corm sprouting percentage was observed in PaSE-100, and the highest in control. All treatments significantly (P≤0.05) reduced the percentage of corm sprouting of C. esculentus when compared to the control. Similarly, in the second trial, percentage of corm sprouting showed an increase as the concentration decreased. The lowest percentage of sprouting was observed in PaSE-100, while the highest germination percentage was obtained in the control. All treatments showed no significant increase or decrease when compared to each other and the control (Table 2).
3.4 Effects of aqueous extracts of Petiveria alliacea L. on root and shoot development of Cyperus esculentus corms 
The impacts of the aqueous shoot and root extracts of P. allliacea on the sprouting corms of C. esculentus showed that all concentrations of aqueous shoot and root extracts reduced the root length in both the first and second trials (Table 2). In the first trial, the lowest root lengths of C. esculentus were observed in PaSE-100, and the highest in control. All treatments significantly (P ≤ 0.05) reduced the root lengths of C. esculentus compared to the control. Similarly, in the second trial, the lowest root length was observed in PaSE-100, while the highest root length was found in the control. All treatments significantly (P ≤ 0.05) reduced the root length of Cyperus esculentus compared to the control (Table 2).






Table 1: Effect of aqueous extracts of Petiveria alliacea on germination parameters of Euphorbia heterophylla seeds on day seven in Ibadan, Nigeria

	Treatment
	Germinated Seeds (%)
	Radicle Length (cm)
	Plumule Length (cm)

	First trial

	PaSE-100
	30.33 ± 0.58a
	0.00 ± 0.00a
	0.00 ± 0.00a

	PaSE-75
	70.33 ± 0.58b
	0.03 ± 0.06a
	0.00 ± 0.00a

	PaSE-50
	90.67 ± 0.58e
	1.07 ± 0.32c
	0.00 ± 0.00a

	PaSE-25
	100.00 ± 0.00e
	1.33 ± 0.12d
	6.13 ± 0.60c

	PaRE-100
	80.00 ± 0.00c
	0.00 ± 0.00a
	0.00 ± 0.00a

	PaRE-75
	80.00 ± 0.00c
	0 .00 ± 0.00a
	0.00 ± 0.00a

	PaRE-50
	90.00 ± 0.00d
	0.00 ± 0.00a
	0.00 ± 0.00a

	PaRE-25
	100.00 ± 0.00e
	0.60 ± 0.10b
	5.3 ± 0.36b

	Control (distilled water)
	100.00 ± 0.00e
	2.73 ± 0.12e
	8.07 ± 0.32d

	Second trial

	PaSE-100
	40.00 ± 1.00a
	0.00 ± 0.00a
	0.00 ± 0.00a

	PaSE-75
	80.00 ± 0.00b
	0.00 ± 0.00a
	0.00 ± 0.00a

	PaSE-50
	90.67 ± 0.58c
	0.00 ± 0.00a
	0.00 ± 0.00a

	PaSE-25
	100.00 ± 0.00c
	1.87 ± 0.06b
	6.43 ± 0.21c

	PaRE-100
	80.00 ± 0.00b
	0.00 ± 0.00a
	0.00 ± 0.00a

	PaRE-75
	80.33 ± 0.58b
	0.00 ± 0.00a
	0.00 ± 0.00a

	PaRE-50
	90.33 ± 0.58c
	0.00 ± 0.00a
	0.00 ± 0.00a

	PaRE-25
	100.00 ± 0.00c
	1.97 ± 0.15b
	5.67 ± 0.81b

	Control (distilled water)
	100.00 ± 0.00c
	2.77 ± 0.12c
	8.93 ± 0.15d





The impacts of the aqueous shoot and root extracts of P. allliacea on the shoot length of sprouting corms of C. esculentus showed that all concentrations of aqueous shoot and root extracts of Petiveria alliacea reduced the shoot length in both the first and second trials. In the first trial, the lowest shoot lengths of C. esculentus were obtained in PSE-100, and the highest were in control. All treatments significantly (P ≤ 0.05) reduced the shoot length of C. esculentus compared to the control. Similarly, in the second trial, the lowest shoot lengths of C. esculentus were observed in PSE-100, while the highest were in control. All treatments significantly (P ≤ 0.05) reduced the shoot length of C. esculentus compared to the control (Table 2).
Table 2:  Effect of aqueous extracts of Petiveria alliacea on sprouting parameters of Cyperus esculentus on day seven in Ibadan, Nigeria
	Treatment
	Sprouted Corms (%)
	Root Length (cm)
	Shoot Length (cm)

	First trial

	PaSE-100
	60.33 ± 0.58a
	0.20 ± 0.00a
	0.03 ± 0.06a

	PaSE-75
	70.67 ± 1.53ab
	1.00 ± 0.53bcd
	0.37 ± 0.25ab

	PaSE-50
	90.33 ± 0.58cd
	1.27 ± 0.31cd
	0.57 ± 0.29b

	PaSE-25
	90.67 ± 0.58cd
	1.57 ± 0.4de
	0.60 ± 0.20b

	PaRE-100
	80.33 ± 1.15bc
	0.53 ± 0.31ab
	0.33 ± 0.21ab

	PaRE-75
	80.67 ± 0.58bcd
	0.87 ± 0.31bc
	0.40 ± 0.26ab

	PaRE-50
	90.33 ± 0.58cd
	1.20 ± 0.20cd
	0.47 ± 0.06b

	PaRE-25
	90.33 ± 0.58cd
	1.33 ± 0.15cd
	0.53 ± 0.25b

	Control (distilled water)
	100.00 ± 0.00d
	2.03 ± 0.47d
	0.57 ± 0.15b

	Second trial

	PaSE-100
	70.67 ± 2.08a
	0.10 ± 0.10a
	0.00 ± 0.00a

	PaSE-75
	80.33 ± 1.15a
	0.90 ± 0.52bc
	0.30 ± 0.17bc

	PaSE-50
	90.33 ± 0.58a
	1.13 ± 0.21bcd
	0.53 ± 0.15cd

	PaSE-25
	90.67 ± 0.58a
	1.47 ± 0.25de
	0.70 ± 0.17d

	PaRE-100
	80.33 ± 0.58a
	0.63 ± 0.21b
	0.20 ± 0.10ab

	PaRE-75
	80.33 ± 2.08a
	0.80 ± 0.20bc
	0.37 ± 0.21bc

	PaRE-50
	80.67 ± 1.53a
	1.20 ± 0.20cd
	0.57 ± 0.21cd

	PaRE-25
	90.00 ± 1.00a
	1.33 ± 0.29cd
	0.67 ± 0.12d

	Control (distilled water)
	100.00 ± 0.00a
	1.90 ± 0.36e
	0.73 ± 0.06d



3.5 Determination of the phytochemical constituents of Petiveria alliacea
3.5.1 Qualitative determination of phytochemical constituents of shoot and root extracts of Petiveria alliacea 
Results showed that the following four phytochemicals were identified in both the shoot and root sample extract of P. alliacea: saponins, flavonoids, anthraquinones, and terpenoids. Additionally, the following four phytochemicals were identified in the root sample extracts only: alkaloids, phenols, and cardiac glycosides. Saponin was predominant in the shoot extract, while the following three phytochemicals were predominant in the root sample extracts: saponins, flavonoids, and cardiac glycosides (Table 3).
Table 3: Phytochemical constituents of aqueous extracts of the shoot and root of Petiveria alliacea

	S/No
	Phytochemicals
	Shoot
	Root

	1
	Saponins
	++
	++

	2
	Tannins
	-
	+

	3
	Flavonoids
	+
	++

	4
	Cardiac glycosides
	-
	++

	5
	Anthraquinones
	+
	+

	6
	Steroids
	-
	-

	7
	Terpenoids
	+
	+

	8
	Alkaloids
	-
	+

	9
	Phenol
	-
	+


- Absent, + Present, ++ Abundantly present
3.5.2 Quantitative determination of the phytochemical constituents of shoot and root extracts of  Petiveria alliacea 
Results showed the following six phytochemicals that were quantified in the root sample extracts: alkaloids, tannins, phenols, saponins, flavonoids and terpenoids. In contrast, the following phytochemicals were quantified in the shoot samples: saponins, phenols, flavonoids, and terpenoids (Figure 1). The concentration of each phytochemical showed variability both within and between shoot and root sample extracts.  It was further revealed that alkaloids showed the highest concentration in the root extract, followed in descending order by flavonoids, saponins, tannins, phenols, and terpenoids. Among the various phytochemicals quantified in the shoot extract, saponins showed the highest concentration, followed in descending order by terpenoids and flavonoids. All phytochemicals quantified in both shoot and root extracts showed significantly higher concentrations in the root extract, except for terpenoids, which were found to show higher concentration in the shoot extract of P. alliacea (Figure 1).

[bookmark: _Toc181174279]Figure 1: Quantitative analysis of phytochemical constituents of shoot and root extracts of Petiveria alliacea	Comment by hp: Apply stats
4. DISCUSSION
The findings from this study showed that application of both shoot and root extracts of P. alliacea inhibited germination, radicle and plumule development of E. heterophylla. The impact of application of both shoot and root extracts of P. alliacea was also inhibitory on corm sprouting, shoot and root length of C. esculentus. Similar findings showed moderate inhibition of germination of seeds and radicle development in lettuce and amaranth on application of leaf aqueous extracts of Petiveria P. alliacea [2016]. Also, the results conform to the findings of Adesipo et al. [2218], who opined that extracts of aerial part (shoot) of P. alliacea exhibit greater inhibition of seeds, shoot, and root development of tomato, amaranth, while mild inhibition was observed in maize and cowpea. Both shoot and root extracts of P. alliacea at 100% were most inhibitory and 25% were least inhibitory in this study, which indicated that the impact of extracts was concentration dependent. Similar findings on Petiveria alliacea [2218] and other plants with allelopathic characteristics [8] showed that extracts at highest concentration imposed the greatest suppression on germination and growth development of tested weeds.
It was evident from this study that the efficacy of plant extracts differs with plant parts as shoot extract was most effective in the inhibition of tested weeds. This is similar to report that allelopathic plant performance is influenced by plant parts [2319]. Therefore, the inhibitory performance of the shoot extract of Petiveria alliacea at 100% concentration was most pronounced against the seeds of E. heterophylla and corms of C. esculentus and their development in this study. This is similar to the success of leaf and aerial parts of P. alliacea in exerting inhibitory action on tested weeds and crops [1620,2218].
The knowledge from this study, especially the substantial inhibition of 100% shoot extracts and similar findings from other studies on tested seeds and development of other plants have provided insights that Petiveria P. alliacea exhibits inhibitory allelopathy and considerable efficacy as a non-selective, wide-spectrum natural herbicide. However, the efficacy of allelopathic plant is based on the bioactive substances they contain. Plants containing allelochemicals may show inhibition or slight stimulation to the germination and growth of other plants [251,262]. Previous studies have reported inhibition of seed germination and development of test plants due to the exposure or direct contact of radicle to extracts [262] and increased radicle sensitivity to allelochemicals during seed germination and development [273].
In this study an array of phytochemicals was found in both shoot and root extracts of P. alliacea. These phytochemicals are saponin, terpenoids, anthraquinones and terpenoids in both shoot and root extract, while alkaloid, tannins, phenol, cardiac glycosides in root extract of P. alliacea. Previous studies have reported similar phytochemicals distributed across leaves, stem and root of Petiveria alliacea [284,295], and common to other plants with roles in allelopathic characteristic [5].
Notwithstanding the similarity and differences in phytochemicals within and between shoot and root extracts of P. alliacea, the concentration of phytochemicals differs within and between plant parts in this study. This finding aligns with previous studies that have suggested that allelochemicals varied in their distribution in different plant parts [6]. In this study, concentrations followed the order saponins > terpenoids > flavonoids in the shoot extracts, while flavonoids > saponins > terpenoids in the root extracts. This deviated from Ayodele et al. [340], who reported that the concentration of flavonoids was higher than terpenoids and saponins, respectively in the leaf of Petiveria alliacea.
Adesanya et al. [295] also reported that terpenoids were absent from the root extracts of P. alliacea. This disparity observed may be due to extraction type and duration. As such, aqueous extraction was done at 24 hours in this study while organic extraction were employed at 72 hours [26,2529,30] and less than a week [6] in similar studies.
All the phytochemicals quantified in this study have been implicated in inhibition of germination and development of other plant species. This observation aligns with previous studies that have identified alkaloids, flavonoids, saponins, tannins, phenols, and terpenoids as allelochemicals possessing inhibitory properties [5].
In this study, the most distinctive phytochemical in the shoot was terpenoid, being one of the common phytochemicals that is present in a higher amount in the shoot than in the root extract of P. alliacea. Terpenoids have been confirmed to exhibit a strong inhibitory action [440] and may be responsible for most severe inhibition depicted by shoot extracts of P. alliacea in this study. Since other chemical compounds were quantified in shoot extract according to this study, it might be that the inhibition of shoot extracts of P. alliacea is more of synergistic rather than single action of terpenoid.
Therefore, other chemical compounds such as saponins, flavonoids and anthraquinones, although in lower amount to terpenoids in the shoot extract are known to possess inhibitory function and may be synergistic with terpenoid to make the shoot extract the most inhibitory especially at higher concentration of the shoot extract. This is similar to other research findings that suggest a synergistic action among the various allelochemicals present, with combined effect greater than the action of any individual compound [3127,7,4].	Comment by hp: Avoid the use of too many short paragraphs
Conversely, the root extract exhibited lower inhibition, despite containing a larger quantity of certain allelochemicals including the most provoking phytochemicals - phenols and also lower concentration of terpenoid concentration compared to shoot extract in this study. This possibly may be due to concentration effect, a less synergistic interaction among the constituents.
Considering this, disparity existed among allelochemical interaction in the shoot and root extracts and depicts that allelopathic behaviour is selective, species-specific, and dependent on plant part, concentration, and the interactive effects of multiple compounds [2319,451].
5. CONCLUSION                                   
Aqueous extracts of Petiveria alliacea from both the shoot and roots contains various inhibitory phytochemicals and suppressed germination, sprouting, and development of weeds with a concentration-dependent effect and could be adopted as pre-emergence bioherbicide.            	Comment by hp: Expand conlcusion
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