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C. grandiflora has been termed the worst invasive alien plant species. However, its allelopathic potential has not been studied yet. The goal of this research was to study the allelopathic potential of C. grandiflora on the germination and seedling growth of L. usitatissimum and G. abyssinica. Plant specimens and samples of C. grandiflora were collected from the Minjar-Shenkora district, North Shewa Zone, Ethiopia. An experimental investigation was conducted to check the impact of its leaf and root extracts on the growth and germination parameters of the indicated test plant species. The root and leaf samples were extracted with water and methanol (99.85%). Leaf and root samples of 25 g were steeped separately in 250 ml of each of the specified solvents to make the stock solutions. The experiment was conducted in 9-cm-diameter Petri-dishes and laid out in completely random designs, replicated thrice with five blocks, each block representing a different concentration of extract (25, 50, 75, and 100%) and control. Twenty-five seeds of each test plant were placed in a petri-dish along with five ml of each extract. Differences between treatments were evaluated using one-way-ANOVA and Tukey's Honestly Significant Difference (HSD) Test. Results revealed that the inhibitory effect of water extracts of roots and leaves samples was concentration-dependent. With leaf extracts as opposed to root, the inhibitory effect was more pronounced. Hence, when L. usitatissimum seeds were treated with 100% concentration of water extracts from leaf samples of C. grandiflora germination-percentage, seedlings dry-weight, plumule, and radicle length were reduced by 80, 79.3, 73.6, and 79.4% respectively compared to the control. The above parameters also dropped considerably when G. abyssinica seeds were treated with the indicated concentrations. Conversely, the germination of seeds from both test plant species was entirely inhibited in methanol extracts. From this study, it can be deduced that these invasive plant extracts have herbicidal properties. Further phytochemical and molecular study is recommended to identify the active ingredients of C. grandiflora and determine their characteristics. Besides, the integration of identified allelopathic substances as a tool in the management of invasive species is proposed as an environment-friendly option to lessen the deterioration of ecosystem services.
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Introduction

Invasive alien species (IASs) are both alien and harmful to their environments, which include plants, animals, and microorganisms. A decline in the production of indigenous capacity or loss of biodiversity has taken place, particularly as a result of invasive alien plant species (IAPS) (Witt and Luke, 2017). IAPSs can have an even greater detrimental effect on economic performance and food security in developing countries where agriculture makes up a larger portion of GDP. IAPS affect almost every type of ecosystem. They are one of the main destroyers of biological diversity globally (Brown et al., 1998; Reddy, 2008). IAPSs are likely to proliferate into various ecosystems and harm biodiversity by establishing dominant and successful populations (Maharjan et al., 2007; Mushtaq and Siddiqui, 2018).

Allelopathy is one of the fundamental mechanisms responsible for the success of IAPS and involves the release of substances that prevent native plant communities from germinating, promoting early seedling growth, developing, and reproducing. It occurs as a result of the release of secondary metabolites. Plants produce a mass of compounds via secondary metabolism. The production of these compounds depends on the presence of precursor molecules and the triggering of specialized genes. The activation of genes required for the biosynthesis of allelochemicals is often dependent on environmental stimuli. These allelochemicals are stored in a single location, multiple locations, or throughout the entire plant. They are often found in the roots, leaves, pollen, shoots, fruit, rhizomes, stems, buds, seeds, and flowers (Javaid et al., 2006; Pisula and Meiners, 2010; Trezzia et al., 2016; Chen et al., 2017; and Hussain et al., 2020). Root exudate, volatilization, leaching from existing plant parts, residue putrefaction, and farming activities all contribute to the release of allelochemicals into the environment. Chemical exudates released from many IAPS parts have inhibitory, competitive, and pathogenic effects on the native flora. Hence, allelopathy serves as an invasion mechanism (Clark, 2017; Moraa et al., 2018; Novak et al., 2018; Scavo et al., 2019).

Allelopathy can be considered a system of communication between plants. Mechanisms of allelopathic inhibition are multifaceted and can also consist of the interaction of different classes of chemical compounds, such as flavonoids, alkaloids, phenolics, terpenoids, and steroids, with combinations of different compounds occasionally having a superior allelopathic effect than distinct compounds alone. Moreover, physi-ological and environmental stresses, such as solar radiation, pests and diseases, herbicides, and less than optimal nutrient, temperature, and moisture levels can affect allelopathic weed suppression. Consequently, allelopathic interactions are an essential factor in determining species distribution and abundance within plant communities and are also thought to be important in the accomplishment of many IAPS (Aguilera et al., 2015; Kalisz et al., 2021). Thus, allelochemicals seem to alter a range of physiological processes, and it is challenging to separate the primary from secondary effects. Allelochemicals also have substantial effects on ion and water uptake, water status, cell division, cell differentiation, respiration, photosynthesis, enzyme function, phytohormone metabolism, signal transduction, and gene expression. Allelochemicals may produce more than one effect on the cellular processes responsible for reduced plant growth. C. grandiflora is one of the IAPS that has been described as the biggest threat to natural ecosystems, biodiversity, the economy, and health (Brown et al., 1998; Chen et al., 2017; Rana, 2018; and Thiébaut et al., 2019). C.grandiflora Roxb. Ex R. Br. (rubber vine), family Asclepiadaceae, is a ferocious woody climbing shrub that can climb over trees up to 30 meters tall and harms native trees by encroaching on their canopy, obstructing their access to the sun, and “choking” them (Brown et al., 1998). Its astonishing seed output, which can result from a single vine bloom, wind-dispersed seeds, or water, is largely responsible for its invasiveness. A fully developed plant can yield more than 8,000 seeds. It can also set seed at least twice annually and form a deep taproot. If moisture is present, more than 90% of seeds will germinate (Rodriguez-Estrella et al., 2010). It has the capacity to spread into new environments and exert detrimental effects on biodiversity, the economy, and the environment. It is toxic to animals and displaces native species, making grazing land less productive (Luizza et al., 2016). The plant contains toxic cardenolides (cardiac glycosides), which can cause heart failure as well as stomach and intestinal disorders in both humans and animals (Prasad and Lavanya, 2017).

C. grandiflora has been related to the extinction of various animal species and poses a threat to several areas with high conservation value (Doak and Deveze, 2004; Burg et al., 2012). All parts of this plant are poisonous (Nelson et al., 2007). Numerous diverse ecosystems, including national parks and places designated as World Heritage sites, are at risk of being completely displaced (Head et al., 2015). It was deliberately introduced in other places as an ornamental plant, but its origin of introduction to Ethiopia is uncertain. In Ethiopia, it is a major threat to biodiversity and local pastoral livelihoods in the Afar region (Luizza et al., 2016) and spreading rapidly to the East and North Shewa zones. In the study areas, C. grandiflora is alarmingly invading the wood and shrub lands in different Kebeles (the lowest administration zone in Ethiopia) at low altitude, such as Gordo Solomon, Akrmit, and Mintamir (Berehet district), Korma (Minjar Shenkora district), Gelgela (Asagirt district), and Abayatir (Kewot district). The allelopathic potential of C. grandiflora has not been investigated yet. Therefore, determining the allelopathic properties of C. grandiflora on the germination and seedling growth of the indigenous plant species, G.abyssinica and L.usitatissimum, was identified as the goal of this study.



Materials and methods

Laboratory experiments were conducted to examine the effect of C. grandiflora leaf and root extracts on the germination and seedling growth of the test plant species (G. abyssinica and L. usitatissimum) at the Ethiopian Biodiversity Institute (EBI). Root and leaf samples were chosen because these parts of the plant species are the most common sources of allelochemicals, though they can be present in almost all parts of plants (Zhang and Fu, 2010; Weston et al., 2012; Ferguson et al., 2016). The root and leaf samples were extracted using water and 99.85% methanol. Thus, two laboratory experiments were conducted from September 2021 to March 2022.


Collection of plant materials

Fresh and mature C. grandiflora leaf and root samples were collected from the North Shewa Zone, Minjar-Shenkora district, Korma Kebele (39°34′01.620″E, 9°01′55.590″N), Amhara region, Ethiopia, which is located ~139 kilometers (km) east of Addis Ababa at an elevation of 1,388 meters above sea level from 15 to 16 September, 2021. To take the root and leaf samples, sharp pruning shears, and hatchets were used. The cutting edge of those tools was sterilized with sanitizers at the beginning and before using them again. The collected root and leaf samples were placed in loosely sealed plastic bags with a few air holes cut in them in a moisture-free atmosphere and shipped soon after collection. Then the soil particles, contaminating, and other foreign materials were removed from root and leaf samples by gentle brushing. The leaf and root samples were chopped by using hatchets into small pieces (2 cm long) and then air dried in the shade at room temperature of 25°C for about a month. Next, the dried root and leaf samples were crushed into smaller pieces using a locally made mortar and pestle. Those tools were also disinfected by means of sterilizers at the beginning and before being used again. The dried and crushed samples were stored in plastic bags before being used for experiments. Finally, with the help of a mechanical grinder (Nicht offnen bei laufendem Motor, BDI-01-15-0010-), the dried and crushed samples were ground in the laboratory, and the powders were stored in plastic bottles at room temperature (25°C) until extraction (Khan et al., 2011; Dar et al., 2017; Hassan et al., 2018).



Aqueous extract preparation

The aqueous extracts of C. grandiflora leaf and root samples were prepared from the ground materials. Ground materials weighing 25 g were soaked separately in 250 ml of distilled water within conical flasks. Then, the flasks were shaken on an orbital shaker at 150-rpm agitation speed for 24 h at room temperature to make the stock solution of the maximum concentration. Following, the extracts were stored in plastic bottles at room temperature until dilution. Subsequently, to obtain a final volume of 250 ml, each crude extract was filtered using Whatman filter paper no.1. Both crude extracts (ml) were diluted with distilled water (ml) in the ratio of 25 ml of extract to 75 ml of distilled water, 50 ml of extract to 50 ml of distilled water, 75 ml of extract to 25 ml of distilled water, and 100 ml of extract to 0 ml of distilled water to obtain different concentrations of 25, 50, 75, and 100%, respectively (by assuming 25ml, 50ml, 75ml, and 100ml extracts equivalent to 25, 50, 75, and 100% concentrations respectively). The diluted extracts were kept in the refrigerator at 4°C. The leaf and root samples were also extracted with methanol (99.85%). The same procedures were conducted for methanol extraction except for the removal of the alcohol by evaporation. Evaporation of methanol was carried out to minimize the effect of the alcohol on the germination of the test seeds. Accordingly, at the end of the filtration process, methanol extracts were evaporated using a rotary evaporator at 40°C using a Buchi R-114 Rota Vapor, and the residues were weighed. A thick mass of coagulated liquid was then collected. From a 25-gram sample of C. grandiflora powder, the average extract was 4.39 g. For the bioassay, each stock extract from C. grandiflora leaf and root samples was diluted in distilled water (in similar procedures to the above extraction process) to provide extract concentrations of 25, 50, 75, and 100%. All extracts were also stored in a refrigerator at 4°C until use. A control (distilled water) was used for comparison (Mehrafarin et al., 2011; Waris et al., 2016; Dar et al., 2017; Laizer et al., 2021; Singh et al., 2021).



Test seed preparation

The test seeds were accessed from the Ethiopian Biodiversity Institute based on the Ethiopian Genetic Resources Access and Benefit Sharing law which were collected from North Shewa Zone, Amhara region. These indigenous plant species were selected because they germinate easily, aside from their high economic significance to the community in the study area.

Different accessions (with accession numbers 15119, 15135, 15767, 202449, 202450, 212492, 214926, 212495, 212497, and 212501 for G. abyssinica, and 13502, 13503, 13506, 13508, 18788, 18793, 18794, 18797, 18803, and 35549 for L. usitatissimum) of test plant species seeds were surface sterilized for 30 minutes in 5% sodium hypochlorite and then rinsed six times with distilled water.


Germination bioassay

We placed 25 seeds of test plant species in 9 cm diameter Petri dishes lined with Whatman no. 1 filter paper. The Petri dishes were moisturized with 5 ml of different concentrations of water extracts of leaf and root samples of C. grandiflora (25, 50, 75, and 100%). They were also humidified with distilled water when necessary. Control Petri dishes were also retained in all experiments using only distilled water. Every single treatment was duplicated three times, making a total of 60 Petri dishes, and each of the three replicates was repeated twice (30 Petri dishes for each test plant species). The germination tests were also performed in Petri dishes on filter paper with methanol extracts. Methanol extracts (5ml) were applied to each individual filter paper after the removal of the alcohol via evaporation. The seeds were considered to have germinated when the radicle grew to 2 mm long (Waris et al., 2016). The number of seeds germinated was recorded every 24 h until 12 and 14 days for L. usitatissimum and G. abyssinica, respectively (Stefanello et al., 2017).



Seedling length (cm) of test plant species

Test plants' plumule and radicle length were measured using a ruler, and the average length was taken (5 seedlings from each treatment were measured for a single test, in total 5*3) (Hussain et al., 2020).



Fresh and dry weight of test plant seedlings (mg)

With the aid of an electronic balance, the fresh and dry weight of L. usitatissimum and G. abyssinica seedlings were measured after twelve and fourteen days of germination, respectively, for the treatment group. On the other hand, the fresh and dry weights of the control group were measured after seven and ten days of germination for L. usitatissimum and G. abyssinica, respectively (IBPGR, 2012). The average fresh and dry biomass were then estimated in mg (5 seedlings from each treatment were measured, for a single treatment, 5*3 in total) (Benyas et al., 2010 and Waris et al., 2016). Dry weights were measured after drying at 70°C for 48 h in an oven (ISTA, 2005).




Experimental design and data analysis

The tests were set up in a Completely Randomized Design (CRD) with five blocks and three replications repeated twice, where each block represents a control and concentration of an extract from leaf and root samples of C. grandiflora (0, 25, 50, 75, and 100%). The R-package (version 3.6.2) was used to analyze the data that were gathered. Using descriptive statistics, growth rate and germination percentage (GP) data were examined. Additionally, an inferential statistical approach was used. The significant impacts of the leaf and root extracts of C. grandiflora on the growth and germination of test plant species were tested with simple linear regression analysis. The leaves and roots extract and the control (0, 25, 50, 75, and 100%) were taken as the independent variables while seedlings growth and number of seeds germinated were taken as the dependent variables.

The recorded data for the experiment were subjected to a one-way ANOVA for each parameter to establish differences among the treatment means. Significance levels among treatment means were compared using Tukey's Honestly Significant Difference (HSD) Test at a 5% level of significance to find out which groups were significantly different from one another (the control to 25, 50, 75, 100%, and each other too). Each of the following germination parameters was calculated using the following formulas:


Mean Germination Time

Mean Germination Time (MGT) is an exact measure of the period taken for the given seeds to germinate, but does not correlate this with the uniformity or time spread of germination.

MGT = ΣTiNi/S, where Ti = number of days after beginning of the trial, Ni = number of seeds germinated on the day, S = total number of seeds germinated (Waris et al., 2016).



Germination Rate Index

Germination Rate Index (GRI) is the percentage of germination on each day of the germination period. Higher GRI values indicate higher and faster germination, subsequently the higher the percentage and the shorter the time to germinate, the higher the GRI. GRI = G1/1 + G2/2 +· · ·+ Gx/x, where G1 = germination percentage × 100 at the first day after sowing, G2 = Germination percentage × 100 at the second day after sowing +, (Kader, 2005).



Coefficient of Velocity of Germination

Coefficient of Velocity of Germination (CVG) is an indication of the rapidity of germination. It increases when the number of germinated seeds increases and the time required for germination decreases.. CVG= (N1 + N2 + · · + Nx) *100/N1T1 + · ·· + NxTx, where N = number of seeds germinated each day, T= number of days from seeding parallel to N. Maximum CVG might exist ideally is 100, if all seeds germinated on the first day (Kader, 2005; Ranal and Santana, 2006).





Results


Effects of aqueous extracts of leaf and root samples of C. grandiflora on germination of the test plant species

The results of this study revealed that there were significant variations in the average number of germinated seeds for each treatment. The quantity of seeds that sprouted for each treatment was observed to depend on concentration gradients (independent variables). The quantity of seeds that germinated per treatment dropped as the concentration of water extracts from leaf and root samples increased. Hence, the effect of water extracts of leaf and root samples of C. grandiflora on germination of L. usitatissimum, liner regression equation can be presented as: Y = −20.556X + 26.156, R2 = 0.9963) (Figure 1A) and Y = −20.667X + 27.267, R2 = 0.9288 respectively. The concentration of water extracts from leaf and root samples of C. grandiflora and the quantity of G. abyssinica seeds that germinated in each treatment also had a very strong negative association. The regression equation for seeds treated with water extracts of leaf and root samples: Y = −19.733X + 26.4, R2 = 0.9756 (Figure 1B) and Y = −11.2X + 26.267, R2 = 0.9093 respectively. Contrary to water extracts no germination was seen for either test plant seed in methanol extracts of C. grandiflora root and leaf samples.


[image: Figure 1]
FIGURE 1
 Effects of water extracts of leaf samples of C. grandiflora on the germination of L. usitatissimum (A) and G. abyssinica (B).




Effect of aqueous extracts of leaf and root samples of C. grandiflora on the germination parameters
 
Germination percentage

The control group had the highest mean GP (100%) in both test plant species. In contrast, the L. usitatissimum seeds treated with 100% concentration of water extracts of leaf sample of C. grandiflora had the lowest mean GP (20%), followed by 24% (G. abyssinica seeds treated with 100% concentration of water extracts of leaf sample). Largely, higher concentrations of water extracts of leaf (≥50%) and root (≥75%) samples in all laboratory experiments were effective in suppressing the germination of both test seeds compared to the control (Tables 2, 3). In general, greater concentrations of water extracts of leaf samples (50, 75, and 100%) reduced germination much more than root extracts and were also more efficient in delaying the germination of L. usitatissimum than G. abyssinica seeds (Figure 2). In comparison to the control, the GP of L. usitatissimum and G. abyssinica seeds treated with 100% concentration of water extracts of leaf samples, dropped by 80 and 76% respectively. The result of one-way ANOVA (Analysis of variance) also showed that both water extracts leaf and root samples had a substantial effect on the germination of the test plant species (Table 1).


[image: Figure 2]
FIGURE 2
 Effect of water and methanol extracts of leaf and root samples of C. grandiflora on the germination Percentage (GP) of test plant seeds: CL: - C. grandiflora leaf extracts, CR: - C. grandiflora root extracts.



TABLE 1 One-way ANOVA on the effect of water extracts C. grandiflora leaf and root samples on germination percentage (GP) of L. usitatissimum and G. abyssinica seeds.
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Tukey's Honestly Significant Difference (HSD) Test (multiple comparisons) revealed that both test plants treated with root extracts of only 75 and 100% concentrations were significantly different from the control as well as from seeds treated with 25% concentration of the indicated extract (P ≤ 0.001). Both test seeds treated with water extracts of 50% concentrations of root samples were not also significantly different from the control. On the other hand, GP of L. usitatissimum and G. abyssinica seeds treated with water extracts of 50, 75, and 100% concentrations of leaf samples were significantly different from the control as well as to the seeds treated with 25% water extracts of the specified samples (P ≤ 0.001). Hence, both test seeds treated with water extracts of 25% concentrations of leaf samples were not significantly different from the control.



Mean germination time

L. usitatissimum seeds treated with 100% concentration water extract of C. grandiflora leaf samples had the greatest MGT (9.98 days), followed by seeds treated with 100% concentration root extract (8.81 days). Seeds treated with 25% concentrations of water extracts of C. grandiflora's root samples had the lowest MGT (3.51days) from the experimental group. The control had the lowest MGT (3.25 days). In comparison to the control, the MGT of L. usitatissimum seeds treated with 100% concentration water extracts of leaf samples increased by 67.43% (Table 2). Regarding the MGT of G. abyssinica seeds, the control group also had the lowest MGT (3.36 days). From the experimental group, seeds treated with 25% concentrations of leaf (3.72%) and root extracts (3.75%) had smaller MGTs. On the other hand, G. abyssinica seeds treated with 100% concentration of water extract from leaf samples had the highest MGT (9.41 days). As a result, the MGT of the G. abyssinica seeds treated with 100% water extracts of leaf samples increased by 64.29% compared to the control (Table 3).


TABLE 2 Effects of water extracts of leaf (A) and root (B) samples of C. grandiflora on GP, MGT, GRI, and CVG of L. usitatissimum seeds [values, expressed as Mean ± standard error (SE)].
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TABLE 3 Effects of water extracts of leaf (A) and root (B) samples of C. grandiflora on the GP, MGT, GRI, and CVG of G. abyssinica seeds [values, expressed as Mean ± standard error (SE)].
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Germination rate index

The L. usitatissimum seeds used as the control had the highest mean GRI (33.43), and G. abyssinica seeds came in second (31.11). From the experimental group, G. abyssinica seeds treated with 25% root extracts had the highest mean GRI (29.16). Conversely, L.usitatissimum seeds (6.2), treated with 100% water extracts of leaf samples, had the lowest mean GRI, followed by G. abyssinica (6.95). As a result, the mean GRI of L. usitatissimum and G. abyssinica seeds treated with a 100% concentration of water extracts from C. grandiflora leaf samples decreased by 81.45, and 77.66 % respectively (Tables 2, 3).



Coefficient of velocity of germination

L.usitatissimum seeds used as controls had the greatest mean CVG (32.9) followed by 31.61 (the control seeds of G. abyssinica). From the experimental group, L. usitatissimum seeds treated with 25% concentration root extracts had the greatest mean CVG (31). L. usitatissimum seeds treated with 100% concentrations of water extracts of leaf samples had the lowest mean CVG (12.59). In comparison to the control, the CVG of L. usitatissimum and G. abyssinica seeds treated with 100% water extracts of leaf samples fell by 61.73 and 53.72%, respectively. Generally, CVG decreased as the concentration of water extracts from leaf and root samples of C. grandiflora increased in both tests (Tables 2, 3).




Effects of aqueous extracts of leaf and root samples of C. grandiflora on growth parameters
 
Plumule and Radicle length (in cm) of the seedlings

The result of one-way ANOVA indicated water extracts from C. grandiflora root and leaf samples generally had a significant (P ≤ 0.001) impact on the mean plumule and radicle length of both test plant species (Table 4). Tukey's Honestly Significant Difference (HSD) Test on mean plumule length also revealed that seedlings exposed to 50, 75, and 100% concentrations of water extract from leaf and roots samples were substantially different from the control for both tests (P ≤ 0.001) whereas seedlings of both tests exposed to a 25% concentration of each extract were not considerably varied from the control. G. abyssinica seeds in the control group had the tallest mean plumule length (8.98 cm). Conversely, L.usitatissimum and G. abyssinica seedlings treated with 100% concentration of water extracts of leaf samples had mean plumule lengths of 2.19 and 2.39 cm respectively. Therefore, L. usitatissimum seedlings treated with 100% concentration of water extract of leaves samples had the smallest mean plumule length (2.19 cm). Consequently, mean plumule lengths of L. usitatissimum and G. abyssinica seedlings treated with water extracts of C. grandiflora leaf samples (100% concentration) were reduced by 73.6 and 73.3% respectively compared to the control (Tables 6, 7).


TABLE 4 One-way ANOVA on the effect of water extracts C. grandiflora leaf and root sample on plumule and radicle length of L. usitatissimum and G. abyssinica.
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The concentration of water extracts from leaf samples of C. grandiflora and mean plumule length of L. usitatissimum and G. abyssinica seedlings for each treatment had a very strong negative association [the regression equation for both test species were:-Y = −6.692X + 8.864, R2 = 0.9507 (Figure 3A) and Y = −0.0672X + 8.842, R2 = 0.9483 (Figure 3B) respectively]. Mean plumule length of L. usitatissimum and G. abyssinica seedlings treated with water extracts root samples had also a strong negative association (regression equation Y = −0.0562X + 8.964, R2 = 0.9378, to and Y = −0.0557X + 9.534, R2 = 0.9341 respectively). Hence, as a concentration of water extracts of root and leaf samples of C. grandiflora increased, plumule length declined.


[image: Figure 3]
FIGURE 3
 Effects of water extracts of leaf samples of C. grandiflora on plumule length of L. usitatissimum (A) and G. abyssinica (B).


In addition, the outcomes of Tukey's HSD Test revealed that the mean radicle length of seedlings of both test plant species treated with 50, 75, and 100% concentrations of water extracts of leaf samples of C. grandiflora were significantly different from the control (P ≤ 0.001) and to seedlings treated with water extracts of 25% concentration leaves sample (P ≤ 0.05). Moreover, the mean radicle length of seedlings treated with water extract of roots sample of 75 and 100% concentrations were substantially different (P ≤ 0.001) to the control as well as to seedlings treated with water extracts of 25% concentration root sample for both tests. Therefore, radicle lengths of both test plant species seedlings treated with water extracts of root samples of 25 and 50% concentrations were not considerably different from the control. Furthermore, the control seedlings of G. abyssinica were found to have the longest mean radicle length (7.87 cm). In contrast, the L. usitatissimum seedlings treated with 100% concentration of water extracts of leaf samples had the shortest mean radicle length (1.43 cm) succeeding by 2 cm (G. abyssinica). Hence, the mean radicle length of L. usitatissimum and G. abyssinica seedlings treated with 100% concentrations of water extract of leaves sample were reduced by 79.37 and 74.59% respectively compared to the control (Tables 6, 7).

The concentration of water extracts from leaf samples and mean radicle length of L. usitatissimum and G. abyssinica for each treatment also had a very strong negative association [the regression equation: Y = −0.0486X + 6.2, R2 = 0.9991 (Figure 4A) and Y = −0.058X + 7.584, R2 = 0.9876 (Figure 4B) respectively]. Seedlings radicle length of L.usitatissimum and G.abyssinica treated with water extracts of root samples had also a strong negative association (Y = −0.0507X + 6.836, R2 = 0.9087 and Y = −0.0404X + 7.622, R2 = 0.8933 respectively). Generally, as water extract of roots and leaves sample of C. grandiflora increased from 25 to 100% concentrations, radicle length was observed to drop for both tests.
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FIGURE 4
 Effects of water extracts of leaf samples of C. grandiflora on radicle length of L. usitatissimum (A) and G.abyssinica (B).




Seedling fresh and dry weight (mg)

One-way ANOVA indicated water extracts of leaf and root samples of C. grandiflora had a significant (P ≤ 0.001) impact on fresh and dry seedling weight (mg) of both test plant species (Table 5). Tukey's Honestly Significant Difference (HSD) test also indicated the mean seedling fresh weight of L. usitatissimum treated with water extracts of leaf and root samples at 50, 75, and 100% concentrations were significantly different from the control as well as to seedlings treated with 25% concentration of water extract of leaves sample (P ≤ 0.001). Whereas the mean seedling fresh weight of G. abyssinica treated with water extracts of leaf and root samples at concentrations of 75 and 100% were significantly different from the control as well as to seedlings treated with 25% concentration of water extracts of leaf and root samples (P ≤ 0.001). However, the mean seedling fresh weights of G. abyssinica treated with 50% concentration of water extracts leaf samples (P ≤ 0.01) and water extracts of root samples (P ≤ 0.05) were significantly different from the control respectively.


TABLE 5 One-way ANOVA on the effect of water extracts C. grandiflora leaf and root sample on seedling fresh and dry weight of L. usitatissimum and G. abyssinica.
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The control group's seedlings of G. abyssinica had the highest mean fresh weight (67.87 mg). In contrast, L. usitatissimum seedlings treated with water extracts made from a 100% concentration of leaf samples were found to have the lowest mean fresh weight (16.77 mg) followed by 21.93 mg (G. abyssinica). Hence, the seedling fresh weight of L. usitatissimum and G. abyssinica seedlings treated with water extracts of 100% concentration of leaf samples, were reduced by 69.1 and 67.69% correspondingly in comparison to the control (Tables 6, 7). In addition, the mean fresh weight of both test plant species seedlings had a very strong negative correlation with the amount of water extracts of leaf and root samples. The regression equation for seedlings fresh weight of L. usitatissimum seeds treated with water extracts of leaf and root samples [Y = −39.168X + 52.388, R2 = 0.9789 (Figure 5A) and Y = −41.088X + 54.714, R2 = 0.9302 respectively]. The regression equation of seedlings fresh weight of G. abyssinica seeds that were treated with water extracts of leaf and root samples were: Y = −47.072X + 72.562, R2 = 0.9567 (Figure 5B) and Y = −38.7X + 68.696, R2 = 0.899 respectively. Generally, the mean fresh weight of seedlings of both test plant species dropped as the concentration water extract of roots and leaves sample of C. grandiflora raised.


TABLE 6 Effects of water extracts of leaf (A) and root (B) samples of C. grandiflora on seedlings growth of L.usitatissimum, values expressed as Mean ± standard error (SE).
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TABLE 7 Effects of water extracts of leaf (A) and root (B) samples of C. grandiflora on seedling growth of G. abyssinica, values expressed as Mean ± standard error (SE).
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FIGURE 5
 Effects of water extracts of leaf samples on seedling fresh weight of L. usitatissimum (A) and G. abyssinica (B).


Furthermore, Tukey's Honestly Significant Difference (HSD) Test also revealed that the mean seedling dry weight of G. abyssinica seedlings, treated with 75 and 100% concentration of water extracts of root samples were significantly different from the control (P ≤ 0.001) whereas seedlings treated with 50% concentration root extracts were considerably different from the control (P ≤ 0.01). Besides, the mean seedling dry weight of L. usitatissimum seeds treated with water extract of root samples at 50, 75, and 100% concentrations were significantly different from the control (P ≤ 0.001). Likewise, the mean seedling dry weight of both test plant species treated with 50, 75, and 100% concentrations of water extracts of leaf samples were significantly different (P ≤ 0.001) from the control. Hence, the mean desiccated weight of seedlings treated with 25% concentration of water extract of leaves and roots sample were not significantly different from the control of both test plant species.

From the control group, the seedling's maximum mean dry weight was 15.13 mg (G. abyssinica seedlings). In contrast, the L. usitatissimum seedling treated with water extracts of 100% concentrations leaf samples had the lowest mean dry weight (2.78 mg). Thus, seedling mean dry weight of L. usitatissimum and G. abyssinica seeds treated with water extracts of 100% concentrations leaf samples were dropped by 79.32 and 77.99% respectively compared to the control (Tables 6, 7). Thus, water extracts from leaf and root samples had a negative correlation with the mean dry weight of both test plant species seedlings as well. The regression equation of seedlings dry weight of L. usitatissimum seeds treated with water extracts of leaf and root samples were:- Y = −11.224X + 14.138, R2 = 0.9708 (Figure 6A) and Y = −11.452X + 14.482, R2 = 0.9487 respectively. The regression equation for seedlings dry weight of G. abyssinica seeds treated with water extracts of leaf and root samples were:-Y = −9.4X + 13.89, R2 = 0.9579 (Figure 6B) and Y = −7.792X + 14.138, R2 = 0.8754 respectively. From the regression equations, as the concentration of water extracts of root and leaf samples of C. grandiflora raised, the seedling dry weight of G. abyssinica and L. usitatissimum declined.
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FIGURE 6
 Effects of water extracts of leaf samples on the mean seedling dry weight of L.usitatissimum (A) and G. abyssinica (B).






Discussion

The findings of this research affirmed the assumption that water extracts of leaf and root samples of C. grandiflora greatly inhibited the germination and seedling growth of G. abyssinica and L. usitatissimum. Generally, as the water extracts concentration of root and leaf samples of C. grandiflora increased in comparison to the control, GP, GRI, CVG, plumule, and radicle length, the fresh and dehydrated seedling weights were significantly reduced. The outcomes of this study especially, indicated that treatments with higher concentrations of water extracts from roots (75 and 100%) and leaves (50, 75, and 100%) samples had adverse effects on the means values of these parameters. Hence, the aqueous extracts' inhibitory action was therefore concentration-dependent. Numerous studies undertaken in this field of research, including Elisante et al. (2013); Waris et al. (2016); Mushtaq and Siddiqui (2018); and Kalisz et al. (2021), support our findings.

Another study by Rodriguez-Estrella et al. (2010) indicated C. grandiflora is an extremely IAPSs in dry and semidry ecosystems of the world. It is a stress tolerant and adaptive species that is highly competitive in arid environments. In Ethiopia, C. grandiflora is exotic, and it poses a potentially major threat to biodiversity because it outcompetes native vegetation. It has been described as the biggest threat to natural ecosystems and is capable of destroying upper-story vegetation (Luizza et al., 2016). Additionally, the findings of the study by Pisula and Meiners (2010) showed that IAPSs are frequently more successful in introduced areas than in their natural habitats. Allelopathy has been proposed as a possible means for this achievement (Novak et al., 2018; Negi et al., 2020).

There are many studies that approve the allelopathic effects of various IAPSs on germination and seedling growth of native plant species. The study by Aguilera et al. (2015) on the IAPS, Acacia dealbata, indicated the GP was significantly affected by the aqueous extracts of all parts of this IAPS. Particularly, the decrease in GP ranged from 50 to 60% for Quillaja saponaria treated with the aqueous extracts from flowers and leaves of Acacia dealbata. In the current study, the mean GP of L. usitatissimum and G. abyssinica seeds treated with a 100% concentration of water extracts from C. grandiflora leaf samples were reduced by 80 and 76% respectively. Other research results on IAPSs with allelopathic potential, including Benyas et al. (2010), Dar et al. (2017), Laizer et al. (2021); and Hussain et al. (2020), found that treatments using higher concentrations of aqueous extracts from root and shoot samples had an adverse impact on germination and growth parameters.

GRI reflects the germination percentage (GP) for each day of the germination phase. It exhibited a decrease as concentrations of water extracts of both root and leaf samples increased. Hence, the mean GRI of L. usitatissimum and G. abyssinica seeds treated with 100% concentration of water extracts from leaf samples of C. grandiflora decreased by 81.45 and 77.67% respectively as compared to the control. In addition, the CVG provides a measurement of germination speed. It rises when the number of seeds that germinate increases and the time required for germination decreases. CVG does not center on the final percentage of germination but places emphasis on the time needed for reaching it (Kader, 2005; Ranal and Santana, 2006). Accordingly, in comparison to the control, the mean CVG of L. usitatissimum and G. abyssinica seeds treated with 100% concentration of water extracts of leaf samples fell by 61.73 and 53.72% respectively. As to MGT, it is an accurate measure of the time it takes for the specified seeds to germinate, but it does not relate this to the uniformity of germination (Moosavi et al., 2011). According to the study's findings, MGT increased when concentration rose from 0 to 100%. Hence, in the current investigation the mean MGT of the L.usitatissimum and G. abyssinica seeds tested with 100% concentrations of water extracts of leaf samples increased by 67.43 and 64.29% respectively compared to the control. The more quickly the germination occurs, the lower the MGT value is (Kader, 2005; Moosavi et al., 2011, and Waris et al., 2016).

Water and methanol, when compared as extraction solvents, had varied effects on the germination and seedling growth of the test plant species and had different interactions with the extract concentration in all measured parameters. Methanol extracts of the leaf and root samples of C. grandiflora completely inhibited (100%) seed germination of both test plant species. This might be because methanol has a hybrid bond nature that helps to extract both polar and non-polar allelochemicals from the root and leaf samples (a polar oxygen-hydrogen bond and a non-polar hydrocarbon chain). In some cases, methanol was reported to have the ability to hinder germination at higher concentrations (Mehrafarin et al., 2011; Waris et al., 2016). Besides, Sitthinoi et al. (2017) observed that irrespective of the extract concentration, the methanol extraction solvent severely hindered the seed sprouting of two rice cultivars.

Comparing water extracts of leaf and root samples, 75% of the concentrations of water extracts from C. grandiflora leaf samples significantly decreased the seedling growth and sprouting of both test plant species, especially at concentrations of 50, 75, and 100%. In general, this study's findings indicated that leaf extracts had a more pronounced inhibitory effect than root extracts on the test plant species' germination and growth parameters which were comparable with the findings of numerous other research results. Thus, when L. usitatissimum seeds were tested with higher concentrations (100%) of water extracts of leaf samples of C. grandiflora, GP, plumule and radicle length, seedlings' fresh and dry weight were inhibited by 80, 73.6, 79.37, 69.1, and 79.32% respectively compared to the control. In addition, when G. abyssinica seeds were treated with 100% concentrations of water extracts of leaf samples, GP, plumule, and radicle lengths, and the fresh and desiccated weight of seedlings were reduced by 76, 73.3, 74.59, 67.69, and 77.99%, correspondingly, in comparison to the control. Favaretto et al. (2011), Hu and Zhang (2013) and Negi et al. (2020) are among the studies supporting the present findings. In addition, the findings of research by Javaid et al. (2006) were also concurrent with our findings. Moreover, Turk and Tawaha (2003) study showed that the degree of allelopathic potential of various Brassica nigra plant parts can be graded in the following order of inhibition: leaves > flowers > mixture of all plant parts > stems > roots.

In terms of germination propensity, L. usitatissimum and G. abyssinica were reasonably comparable (at lower concentration ≤ 25%; however, the germination of L. usitatissimum seeds was inhibited more than that of G. abyssinica at higher concentrations of water extracts of leaf (≥ 50%), and root (≥ 75%) samples of C. grandiflora. Therefore, G. abyssinica seeds treated with higher concentrations of water extracts of leaf and root samples of C. grandiflora had a larger germination percentage than L. usitatissimum. This might be indicated the allelopathic potential of G. abyssinica against C. grandiflora. The findings of the studies by Moraa et al. (2018) and Oimbo et al. (2018) confirmed that G.abyssinica has been observed to have allelopathic potential on certain weeds and common beans (Phaseolus vulgaris) respectively. In addition, the result of the study by HabtamuAshagre et al. (2018) also indicated that higher concentrations (> 60%) of G. abyssinica leaf, root, and stem extracts have maximum allelopathic potential on Parthenium hysterophorus seed germination and growth parameters. These are some of the studies supporting the allelopathic potential of G. abyssinica as being resistant to allopathic properties of water extracts of leaf and root samples C. grandiflora).



Conclusion

The outcome of this study indicated that the inhibitory effect of water extracts of both root and leaf samples of C. grandiflora was concentration-dependent. The rate of inhibition rose in both test plant species as the concentration of water extracts of root and leaf samples increased. The seedling growth and germination of both test plant species were generally suppressed by water extracts of C. grandiflora root and leaf samples at varying concentrations. With leaf extracts as opposed to root extracts, this inhibitory impact was more pronounced. As a result of the nature of this solvent, methanol extracts completely inhibited the sprouting of seeds in both test plant species. According to the findings of this investigation, this plant's extracts may contain herbicidal properties. It is recommended that further phytochemical and molecular research be done to determine the herbicidal potential of C. grandiflora because allelopathy plays a major role in invasive alien species management.
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