Cogongrass (Imperata cylindrica L.) Allelopathy and Its Influence on Cucumber Test Plant 
Seedling Development and Productivity
 


.     
.
              . 
                     
	.
..






ABSTRACT 
	This study aimed to determine the effective concentration of cogongrass (Imperata cylindrica) extract in inhibiting the germination, vegetative growth, and yield of cucumber (Cucumis sativus L.) test plant, and to calculate the IC₅₀ value as an indicator of its allelopathic potential. A Completely Randomized Design (CRD) was employed with five concentrations of cogongrass extract (0%, 2.5%, 5%, 7.5%, and 10%), and the experiments were conducted in both laboratory and greenhouse settings. The study took place from November 2024 to January 2025 at the Agronomy Laboratory and Medan Baru Experimental Station, Kandang Limun District, Bengkulu City, Indonesia. The study consisted of two stages. In the laboratory, 25 cucumber seeds were placed in Petri dishes containing varying extract concentrations and observed for seven days to evaluate germination and early growth. Germinated seedlings were then transplanted into a soil-manure mixture in a greenhouse to assess further growth and yield. Data were analyzed using ANOVA, followed by polynomial regression and LSD tests. The IC₅₀ values were calculated to assess the allelopathic strength of the extract. The extract significantly reduced germination rate, radicle and plumule length, and seedling dry biomass. The lowest IC₅₀ value was found for abnormal seedling percentage (6.33%), indicating high sensitivity of cucumber to cogongrass allelochemicals. In the greenhouse, the 10% extract significantly reduced plant height, leaf number, root and shoot biomass, leaf greenness, and yield. Cogongrass exhibited strong allelopathic effects on cucumber, even at low concentrations. Compounds such as phenols, flavonoids, and alkaloids are suspected to be the primary agents disrupting plant physiological processes. These findings suggest cogongrass has potential as a natural bioherbicide for sustainable weed management.
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1. INTRODUCTION 
Weeds are unwanted plants that grow in agricultural fields, competing with crops for essential resources such as nutrients, water, sunlight, and space (Kilkoda et al., 2015). Beyond this competition, certain weeds exhibit allelopathy, releasing biochemical compounds that disrupt the growth and physiological functions of cultivated plants (Yunasfi, 2008). Such adverse effects can gradually reduce crop yields and overall productivity (Sembodo, 2010). Therefore, effective weed management is essential to mitigate these negative impacts.
While synthetic herbicides are commonly used in weed control, their overuse has led to herbicide resistance in weed species, environmental contamination, and adverse effects on soil organisms and human health (Erida et al., 2019). Certain plants, including sorghum (Sorghum bicolor) (Nurjanah et al., 2024; Susilo et al., 2025a) and goat weed (Ageratum conyzoides L.) (Setyowati et al., 2025), exhibit allelopathic properties, releasing biochemicals that inhibit nearby plant growth, and cogongrass (Imperata cylindrica L.), which contains compounds that can suppress weed growth (Suzuki et al., 2018). The intensity and nature of allelopathic effects depend on factors such as plant genotype (Susilo et al., 2024) and environmental stressors like drought, which can influence compound synthesis and release (Susilo et al., 2025a, 2025b). The concentration of allelopathic substances also plays a key role in determining their inhibitory effects (Susilo et al., 2023).
Cogongrass is a highly invasive weed known for its aggressive competitiveness, largely attributed to the production of allelochemicals such as phenolic acids, flavonoids, phenylpropanoids, and alkaloids (Kato, 2022), with the roots particularly the rhizomes identified as the main source and the most active part in releasing these allelochemicals. Phenolic compounds can disrupt enzyme activity and plant hormone synthesis (John & Sarada, 2012), while flavonoids inhibit IAA-oxidase, affecting protein and nucleic acid synthesis (Sari & Jainal, 2020). Alkaloids, distributed throughout plant tissues, can interfere with vital metabolic and developmental processes in other plants (Ningrum et al., 2016).
The allelopathic activity of plant extracts is often assessed using test species chosen for their ease of cultivation, availability, distinct morphological traits, and a life cycle suitable for experimentation (Dukel & Stephen, 2008). A common parameter used to measure allelopathic strength is the IC₅₀ value the concentration required to reduce activity (e.g., growth or germination) by 50%. A lower IC₅₀ indicates a stronger inhibitory effect (Katrin & Bendra, 2015; Molyneux, 2004). The term allelopathy, first introduced by Hans Molisch in 1937, refers to the influence of donor plant metabolites now termed allelochemicals on the growth of nearby plants, which can be either inhibitory or stimulatory (Negi et al., 2020; Scavo et al., 2019).
Previous studies have highlighted cogongrass's potential as a bioherbicide. For instance, Salim et al. (2020) found that a 31.25 mg/mL root extract significantly inhibited seed germination in Cucumis sativus L. and Lolium perenne L. Qova et al. (2023) also reported complete inhibition of Amaranthus spinosus L. germination at concentrations of 500–750 g/L. Similarly, Budi and Hajoeningtijas (2013) observed significant reductions in weed dry weight following high-dose cogongrass extract application.
	However, the optimal concentration of cogongrass extract for effectively inhibiting cucumber remains unknown. Therefore, this study was conducted to identify the optimal concentration of cogongrass extract that inhibits cucumber seed germination, determine the concentration that inhibits cucumber growth and yield, and calculate the IC₅₀ value of cogongrass extract under laboratory conditions as an indicator of allelopathic potential. Cucumber is often used as a test plant in allelopathy studies because its seeds germinate readily, and its roots show high sensitivity to allelochemicals, making inhibitory or stimulatory effects easy to observe.
2. material and methods 
2.1 Time, Location Site, and Research Design
	This research was conducted from November 2024 to January 2025 at the Agronomy Laboratory and Experimental Station, Faculty of Agriculture, University of Bengkulu, Indonesia. The study was divided into two stages: (1) laboratory experiments using Petri dishes to evaluate the effect of cogongrass extract, which was prepared from the leaves and roots of cogongrass, on germination and seedling growth, and (2) greenhouse trials using polybags to assess its effects on plant growth and yield effects. A Completely Randomized Design (CRD) was applied with a single factor (cogongrass extract concentration). Five treatment levels were used: 0% (control), 2.5%, 5%, 7.5%, and 10% Each treatment was replicated five times, resulting in 25 experimental units. Each unit consisted of two Petri dishes (laboratory) and three polybags (greenhouse).


2.2 Research Stage
2.2.1 Preparation of cogongrass extract
	Cogongrass was collected from roadsides near the research site. Leaves and rhizomes were separated, cut into ~5 cm pieces, and oven-dried at 50°C for three days. The dried material was ground into powder, and 100 g of the powder was macerated in 1000 mL of distilled water with continuous shaking (100 rpm) for 24 hours using an orbital shaker. The mixture was filtered using Whatman No. 1 paper to produce a 10% stock solution. Dilutions were prepared as follows, 0% (control): 0 mL extract + 100 mL water; 2.5%: 25 mL extract + 75 mL water; 5%: 50 mL extract + 50 mL water; 7.5%: 75 mL extract + 25 mL water; 10%: 100 mL extract (undiluted). 
2.2.2 Laboratorium test.
	Sterile Petri dishes were prepared and lined with Whatman No. 1 paper. Each dish received 10 mL of the designated extract. Twenty cucumber seeds were placed in each dish and incubated for seven days. Dishes were sterilized using 5% Bayclean followed by 70% ethanol.
2.2.3 Greenhouse Test
A 1:1 soil-to-manure mixture was used as the growing medium. Each polybag was filled with 3 kg of this mixture. Three 7-day-old seedlings from the lab test were transplanted into each polybag. Standard horticultural practices (irrigation, thinning, fertilization, manual weeding, and pest control) were implemented. Fertilization was applied during planting and at three weeks after planting (WAP), using: Urea: 225 kg/ha (2.4 g/polybag), TSP: 150 kg/ha (1.57 g/polybag), KCl: 200 kg/ha (2.10 g/polybag) (Setiadi et al., 2021)
2.2.4 Harvesting
Fruits were harvested five times at five-day intervals based on visual maturity (yellow-green skin and striping). Fruits were cut from the plant using scissors.
2.3 Laboratory and Greenhouse Observations
Laboratory: Observations were made on the 7th day and included: Abnormal seedling percentage (%), Radicle length (cm), Plumule length (cm), Radicle dry weight (mg), Plumule dry weight (mg), Total dry weight (mg). Greenhouse: Observations included Growth: Plant height (cm), Leaf number, Root/Shoot dry weight (g), Leaf greenness, Leaf area (cm²), Yield: Fruit number, Marketable fruit number, Fruit diameter (cm), Fruit length (cm), Average fruit weight (g), Fruit weight per plant (g), Marketable yield (g/plant), Indices: Shoot-to-root ratio (SRR), Relative Stem Length (RSL), Relative Root and Shoot Weight (RRSW)
2.4 Data Analysis
Data were analyzed using ANOVA at α = 0.05 and α = 0.01. Significant differences were further examined using: Orthogonal polynomial contrast (laboratory); LSD test (greenhouse); IC₅₀ values were calculated from regression equations to determine the concentration at which 50% inhibition occurred.
FORMULAS:
RSL = (treatment stem length / control stem length) × 100 (Asgharipour & Rafiei, 2011)
RRSW = (treatment weight / control weight) × 100 (Asgharipour & Rafiei, 2011)
Shoot-To-Root Ratio = shoot dry weight / root dry weight (Nengsih et al., 2016)
3. results and discussion
3.1 Effectiveness of Cogongrass Allelopathy on Test Plants in the Laboratory
Cogongrass extract significantly inhibited cucumber seed germination and seedling growth. The percentage of abnormal seedlings increased with rising extract concentrations. ANOVA results showed highly significant effects (p < 0.01) on all germination-related variables.
Table 1. Variance Analysis of Germination Variables of Cucumber Test Plants
	Variables
	F-calc
	Coef. Var
(%)
	F-table
(5 %)
	F-table (1%)

	Abnormal seedling percentaget
	13.059**
	0.99
	2.87
	4.43

	Radicle length
	102.41**
	15.95
	
	

	Plumule length
	84.02**
	10.33
	
	

	Radicle dry weight
	15.51**
	14.81
	
	

	Plumule dry weight
	6.06**
	14.56
	
	

	Total dry weight
	8.31**
	13.08
	
	


Note: *= significantly different; **= highly significantly different, t= data transformed 
Statistical analysis revealed that cogongrass allelopathy highly significantly affected multiple growth parameters, including abnormal seedling percentage, radicle, and plumule length, as well as dry weights of radicles, plumules, and total biomass (p < 0.01).
3.1.1 Abnormal seedling percentage
Seedlings that unable to develop normally under optimal conditions are considered abnormal. According to Susilo et al. (2024), these seedlings typically show morphological abnormalities such as twisted or poorly developed primary roots, damaged hypocotyls or epicotyls, and imperfect plumules. In this study, the percentage of abnormal seedlings increased along with the concentration of cogongrass allelopathic extract, with 18 abnormal seedlings observed at 2.5%, and rising to 20 at 5% and 10%.
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Figure 1. Allelopathic effect of cogongrass on germination (A) and growth (B) of cucumber test plants.
The suppression of cucumber seed germination is attributed to allelopathic substances, such as phenolic compounds, which possess strong allelopathic activity. Under the control treatment (0% extract), seedlings exhibited healthy primary root elongation, well-developed hypocotyls, and normal plumule growth with green foliage. Conversely, exposure to cogongrass extract at concentrations ranging from 2.5% to 10% resulted in noticeable growth abnormalities, including reduced and chlorotic primary roots, deformed plumules, and overall stunted seedling development (Figure 1 a). According to Koger and Bryson (2004), extracts of cogongrass significantly inhibit seed germination and the elongation of both radicles and coleoptiles in various grass and broadleaf species, with inhibition levels reaching up to 96% at the highest extract concentrations. The higher the concentration of cogongrass allelopathic extract, the greater the percentage of abnormal seedlings. This is evident from the data: at 0% concentration, 0% of the seedlings were abnormal; at 5% the abnormal rate reached 91%; and at 10% concentration, it reached 100%.
3.1.2 Radicle and plumule length 
The radicle is the initial structure to emerge from the seed embryo during germination and will develop into the primary root. It plays a crucial role in the uptake of water and nutrients from the soil and serves as the foundation for the plant’s root system. Vigorous radicle development reflects favorable germination conditions, whereas suppressed radicle growth may suggest environmental stress or the presence of inhibitory substances, such as allelopathic compounds.
The plumule represents the embryonic structure within the seed that eventually forms the shoot system following germination. When the plumule develops properly, it gives rise to normal stems and leaves; however, impaired plumule growth may signal stress or disruptions during germination. This stress can occur due to allelopathic compounds from cogongrass, which interfere with cell division and nutrient uptake, leading to stunted shoot development.. As the concentration of cogongrass allelopathic extracts increased, a linear decline in both radicle and plumule elongation was observed (Figure 2).
	
	

	Figure 2. Effect of cogongrass allelopathic concentration on radicle and plumule length


At 0% allelopathic concentration, the radicle length was 8.13 cm, but it declined to 6.26 cm at a 2.5% concentration. This indicates that an increase in allelopathic concentration to 2.5% can reduce radicle length by approximately 1.87 cm. Similarly, the plumule length in the control treatment (0%) was 6.93 cm, which decreased to 5.76 cm at 2.5% concentration showing a reduction of 1.17 cm.
This study demonstrates that allelopathic compounds in cogongrass suppress the growth of radicles and plumules in cucumber seedlings. The inhibitory effect is primarily attributed to phenolic compounds in the extract, which disrupt root physiology (Kato-Noguchi et al., 2020). These phenolics impair root cell membrane permeability, hindering water and nutrient uptake (Li et al., 2019). Additionally, they damage cell walls and plasma membranes, leading to osmotic imbalance and disrupted cell-to-cell communication (Jabran et al., 2018). As a result, radicle cell division and elongation are inhibited, slowing or even halting root growth (Scavo et al., 2022). These findings align with Awata’s (2009) research, which reported that phenolic compounds in cogongrass can inhibit radicle growth in various invasive weed species.
Under control conditions (0% concentration), plumule growth proceeded normally without any signs of inhibition. When exposed to a 2.5% concentration of cogongrass extract, the suppression of plumule growth was relatively modest. However, a marked decline in plumule elongation was observed at higher concentrations of 5% and 10%. This suggests that the allelopathic effects of cogongrass are dose-dependent, becoming more pronounced with increasing extract concentration. This finding is consistent with the earlier work of Hussain and Abidi (1991), who documented that cogongrass contains potent allelochemicals capable of significantly inhibiting seed germination and the early growth stages of various plant species. 
The allelopathic influence is not limited to the suppression of plumule length but extends to disrupting the entire early development of seedlings. Recent studies have reinforced these conclusions. Research by Suzuki et al. (2018) found that phenolic compounds and terpenoids present in cogongrass extract interfere with cell division and elongation processes in seedling tissues, leading to stunted plumule growth in rice and other crop. Their study confirmed that as the concentration of the allelopathic extract increases, the degree of inhibition also intensifies, particularly affecting the shoot system more than the root system.
3.1.3 Dry Weight of Radicle and Plumule
Radicle dry weight is a crucial indicator of early plant growth, reflecting root system development and health. Since the radicle forms the primary root, its dry weight helps determine growth efficiency. Higher values suggest better nutrient absorption and root performance. Plumule dry weight is a key growth indicator, reflecting early shoot development since it forms the first stem and leaves. Higher values typically signal optimal growth and plant health, making it useful for assessing treatment effects in plant studies.
The analysis of variance revealed that the allelopathic effects of cogongrass had a highly significant impact in decreasing the dry weights of the radicle, plumule, and overall seedling biomass (Figure 3). There was a concentration-dependent linear reduction in these growth measurements.
	
A
	
B

	







C
Figure 3. Effect of cogongrass allelopathic concentration on dry weight of radicle (A), plumule dry weight (B), and total dry weight (C)


At the control treatment (0% concentration), the radicle dry weight was recorded at 27.4 mg. However, when treated with a 2.5% concentration of cogongrass extract, this value declined to 24.2 mg, indicating a reduction of 3.2 mg for every 2.5% increase in extract concentration. Similarly, the dry weight of the plumule decreased from 155.7 mg at 0% concentration to 144.8 mg at 2.5%, representing a reduction of 10.9 mg. This study showed that the inhibitory effect of cogongrass allelopathic compounds on seedling biomass increases proportionally with concentration."
This inhibitory trend can be attributed to the presence of allelochemicals primarily phenolic acids and terpenoids which interfere with metabolic processes such as protein synthesis, cell elongation, and nutrient uptake in young plant tissues. As supported by Afzal et al. (2000), aqueous extracts of cogongrass shoots significantly inhibited radicle and plumule development in mungbean (Vigna radiate L.), not only in terms of length but also in dry biomass accumulation. More recent findings by (Pudełko et al., 2014) strengthen this conclusion by showing that increasing concentrations of cogongrass extract led to a consistent decrease in seedling biomass in maize and soybeans. The allelopathic action is attributed to disrupting enzymatic activities necessary for cell wall formation and energy transfer during seedling establishment.
Total dry weight observation (combined plumule and radicle dry weight) serves as a critical parameter for assessing overall early plant growth. This measurement is widely used in research to evaluate comprehensive plant growth and development. Higher total dry weight typically indicates optimal growth and balanced shoot-root development, making it a reliable indicator for analyzing treatment effects in plant development studies. Cogongrass allelopathy significantly affected cucumber total dry weight (p < 0.01). At 0% extract concentration, the plumule dry weight was 183.1 mg, decreasing to 170.02 mg at 2.5%, demonstrating a 13.15 mg reduction per 2.5% concentration increase. The aqueous cogongrass extract showed significant allelopathic effects on both fresh and dry weights of Cucumis sativus L. and Lolium perenne L. seedlings during germination, with increasing concentrations causing progressive biomass reduction (Salim et al., 2020; Kato-Noguchi & Kurniadie, 2021).

3.2 Inhibition Concentration (IC50) 
The IC50 value was determined through a linear regression analysis using various parameters, including the percentage of normal and abnormal seedling, radicle, and plumule lengths and the dry weights of the radicle, plumule, and overall seedling biomass (Table 2). This value was calculated to assess the toxicity level of the allelopathic extract, specifically the concentration required to inhibit 50% of the growth in the test plant.

Table 2. Summary of IC50 calculation for germination variables of cucumber test plant.
	Variables
	Regression Equation
	IC50 (%)

	Abnormal seedlings percentage
	y = 75.85x + 4.303
	6.33

	Radicle length
	y = -74.92x + 8.134
	10.19

	Plumule length
	y = -46.88x + 6.935
	13.73

	Dry weight of radicle
	y = -129.3x + 27.427
	20.83

	Dry weight of plumule
	y = -397.36x + 155.74
	39.07

	Total dry weight
	y = -526.66x + 183.17
	34.68


The most sensitive parameter to cogongrass extract toxicity was the percentage of abnormal seedlings, with an IC50 value of 6.33%. Due to allelopathic inhibition, 50% of cucumber seedlings exhibited morphological abnormalities at this concentration. Radicle elongation was more strongly inhibited (IC50 = 10.19%) than plumule growth (IC50 = 13.73%). Similarly, dry weights showed higher sensitivity in radicles (IC50 = 20.83%) compared to plumules (IC50 = 39.07%). This difference likely occurred because radicles had direct contact with the extract while plumules did not. Total dry weight (IC50 = 34.68%) confirmed significant growth inhibition, demonstrating the extract’s broad phytotoxic effects.
	Kelechi et al. (2024), reported that in Zea mays L. treated with various concentrations of cogongrass aqueous extract, increasing extract concentrations significantly reduced germination percentage and root length compared to the control. This indicates that the allelopathic compounds present in cogongrass are toxic to the early physiological processes of plants. The radicle tends to be more affected than the plumule, as it is the first organ to come into direct contact with the extract solution during imbibition and germination. Therefore, the higher the extract concentration, the greater the inhibition of radicle growth, which also suggests that the IC₅₀ value for the radicle may be lower than that of the plumule. 	This finding is supported by recent research by (Xuan et al., 2009), phenolic compounds in cogongrass extract, such as ferulic acid and p-coumaric acid, are more effective in inhibiting α-amylase activity and cell elongation. Additionally, a study by (Pudełkoa et al., 2014) explains that monocots lignin and silica rich cell walls provide greater resistance to allelopathic compounds. 
3.3 Evaluation of the Effectiveness of Cogongrass Allelopathy on Cucumber Test Plant in Greenhouse
The allelopathic effects of cogongrass significantly inhibit growth and yield parameters in cucumber, including plant height, leaf number, root and shoot dry weight, leaf greenness, fruit number, diameter and length, individual fruit weight, total fruit yield, marketable fruit number, and weight. However, shoot-root ratio, RSL (Relative shoot length), and RRSW (Relative root shoot weight) remained unaffected (Table 3).
Table 3. Summary of variance analysis for growth and yield variables of cucumber
	Variables
	F-Calc
	CV (%)
	F (5 %)
	F (1%)

	Plant height
	13.76**
	4.63
	2.87
	4.43

	Number of leaves
	4.71**
	6.78
	
	

	Leaf Area 
	8.14**
	26.25
	
	

	Leaf greenness
	10.40**
	5.32
	
	

	Root dry weight
	6,68**
	16.79
	
	

	Shoot dry weight
	35.33**
	8.06
	
	

	Shoot-root ratio
	0.68ns
	16.25
	
	

	Relative shoot length
	0.22ns
	7.053
	3.24
	5.29

	Relative root shoot weight
	0.41ns
	8.68
	
	

	Fruit diameter
	4.48**
	10.78
	2.87
	4.43

	Fruit length
	8.293**
	1.70
	
	

	Number of fruits
	6.29**
	7.93
	
	

	Number of marketable fruits
	[bookmark: RANGE!E53]19.97**
	15.86
	
	

	Fruit weight per fruit
	21.70**
	6.51
	
	

	Weight of marketable fruits
	47.32**
	14.12
	
	

	Fruit weight per plant
	5.16**
	12.66
	
	


Note: *= significantly different; **= highly significantly different; ns = not significantly different






Subsequent testing revealed that cogongrass allelopathy significantly influenced cucumber growth and yield components (Table 4).
Table 4. Effect of cogongrass allelopathy on the growth parameter of cucumber 
	Concentration
(%)
	Variables

	
	PH (cm)
	NL
	LA (cm)
	LG
	RDW (g)
	SDW (g)
	SRR
	RSL (%)
	RRSW (%)

	
	
	
	
	
	
	
	
	
	

	0.0
	203.8a
	27.2a
	2253.32a
	42.52a
	1.61a
	33.74a
	21.17
	
	

	2.5
	170.76b
	25.2ab
	1275.58b
	42.74a
	1.37ab
	24.04b
	18.59
	84
	50.15

	5.0
	176.08b
	26.2ab
	1461.15ab
	41.82ab
	1.12bc
	23.85b
	21.19
	86.6
	49.84

	7.5
	174.87b
	23.8b
	1270.00b
	39.18b
	1.10bc
	21.07c
	19.10
	86
	48.05

	10.0
	171.84b
	23.2b
	970.67b
	35.42c
	1.02c
	20.73c
	20.59
	84.4
	47.76


Note: Numbers followed by the same letter in the same column are not significantly different. PH: plant height, NL: number leaves, LA: leaf area, LG: leaf greenness, RDW: root dry weight, SDW: shoot dry weight, SRR: Shoot-root ratio, RSL: Relative shoot length, RRSW: Relative root shoot weight.

Table 5. Effect of cogongrass allelopathy on the yield parameter of cucumber 
	Concentration
(%)
	Variables

	
	NF
	FD (cm)
	FL (cm)
	FWPF (g)
	FWPP (g)
	NMF (g)
	WMF(g)

	0.0
	19.0a
	4.36a
	23.63a
	289.0a
	5412.0a
	12.8a
	3583.0a

	2.5
	15.6b
	4.01ab
	23.03b
	239.2b
	3380.4b
	8.6b
	2104.0b

	5
	14.2b
	3.51b
	22.55bc
	238.6b
	3297.2b
	7.6bc
	1824.4b

	7.5
	13.6b
	3.53b
	22.41c
	212.4c
	2668.0c
	6.6b
	1416.2c

	10.0
	13.0b
	3.51b
	22.57bc
	208.2c
	2599.8c
	6.2c
	1403.2c


Note: Numbers followed by the same letter at the same column are not significantly different. NF: Number of fruits, FD: Fruit diameter, FL: Fruit length, FWPF: Fruit weight per fruit, FWPP: Fruit weight per plant, NMF: Number of marketable fruits, WMF: Weight of marketable fruits

The results show that cucumber plant height was highest in the control treatment (203.8 cm), while the lowest was observed at 2.5% cogongrass extract concentration (170.76 cm). This indicates that lower concentrations can exert stronger allelopathic effects than higher ones. It is possible that at 2.5%, allelochemicals are more readily absorbed by the plant, thus inhibiting growth more effectively. This suggests that the allelopathic effect is not always linear with concentration, as at higher levels, plants may begin to adapt, or the active compounds may become less effective.
The allelopathic effects of cogongrass significantly reduced cucumber growth and yield parameters compared to control plants. At 5% and 10% extract concentrations, plant height decreased by 13.6% and 15.68%, respectively. Leaf number and greenness were similarly inhibited, with 10% concentration reducing these parameters by 14.71% and 17.4%. Control plants averaged 27.14 leaves, while those treated with 10% extract produced only 24.14 leaves. Under the 10% treatment, the leaf area was reduced to 56.9%.
The observed growth suppression extended to biomass accumulation, with root and shoot dry weights declining significantly under allelopathic treatment. At 5% and 10% concentrations, root dry weight decreased by 30.43% and 36.64%, while shoot dry weight declined by 29.3% and 38.5%, respectively. Control plants exhibited root and shoot dry weights of 1.61 g and 33.75 g, whereas 10% allelopathic treatment reduced these values to 1.02 g (roots) and 20.73 g (shoots). Intermediate 5% concentration decreased shoot biomass to 23.85 g.
Cogongrass allelopathic extracts significantly inhibit root development and vegetative growth in cucumber, as evidenced by reduced plant height, leaf number, and biomass accumulation. These growth suppressions suggest impaired physiological functions, particularly in ATP synthesis as critical energy transduction process. The observed effects likely result from cogongrass secondary metabolites interfering with photosynthetic efficiency and energy metabolism (Lotina-Hennsen et al., 2006).
	Cogongrass extract similarly inhibited growth parameters in pepper (Capsicum annuum L.), significantly reducing plant height and leaf number (Rahmawati et al., 2024). The phytotoxic effects are mediated primarily by phenolic allelochemicals that disrupt multiple physiological processes by impairing water/nutrient uptake and gas exchange, compromising membrane integrity, inhibiting cell division, and suppressing key enzyme activities (ATPase, peroxidase) (Li et al., 2010). These collective disruptions lead to photosynthetic inhibition, evidenced by decreased chlorophyll content (particularly at 10% concentration), finally constraining plant growth.
The photosynthetic impairment significantly reduced both fruit yield and quality, exhibiting concentration-dependent inhibition. Crop productivity - including fruit dimensions (diameter/length), fruit number per plant, and fruit weight - declined progressively with increasing cogongrass extract concentration. Control plants (0% extract) produced optimally weighted fruits, while 10% treatment caused drastic weight reduction. Marketable fruit yield decreased by approximately 50%, demonstrating substantial harvest losses. The 10% cogongrass extract treatment significantly reduced root and shoot dry weights, demonstrating impaired biomass accumulation due to photosynthetic inhibition. The altered shoot-root ratio revealed disrupted vegetative growth partitioning, indicative of allelochemical-induced physiological stress.
The shoot-root ratio exhibited a slight decrease under the 10% treatment, suggesting an imbalance between shoot and root growth as a result of the allelopathic effects of cogongrass. In this study, the shoot-root ratio ranged from 18.594 to 21.194. A higher ratio suggests that the plant allocates a greater proportion of its photosynthates to shoot development rather than to root growth. Conversely, a lower ratio (approaching 1 or even less than 1) indicates a dominant allocation to root development, or at least a relatively balanced distribution between shoots and roots.
The results demonstrated differential effects of cogongrass extract on growth parameters, RSW (Relative shoot weight) remained stable (84% control vs. 84,4% at 10% extract), while RRSW (Relative root shoot weight) showed a significant decline from 50.152% (control) to 47.76% (10% treatment), indicating impaired root function. Concentration-dependent reductions were observed at ≥2.5% extract, with RSW decreasing sharply (88% at 2.5% to 80.2% at 5%) and RRSW showing milder but progressive declines (9.89% at 2.5% to 9% at 5%), collectively confirming the extract's phytotoxic impact on plant physiological efficiency through allelochemical interference, particularly in root water/nutrient uptake.

4. Conclusion
The study demonstrates that cogongrass (Imperata cylindrica L.) extract exhibits significant allelopathic effects on cucumber (Cucumis sativus L.) test plant seedling development and productivity. The IC₅₀ value of 6.33% based on abnormal seedling percentage indicates that even low concentrations of the extract can severely inhibit early seedling development. Laboratory and greenhouse evaluations confirmed that higher concentrations (especially 10%) markedly reduced germination, growth, and yield components, including leaf greenness and fruit weight per plant. The results suggest that cogongrass contains potent allelochemicals—likely phenols, flavonoids, and alkaloids—that interfere with key physiological and metabolic processes in plants. These findings highlight cogongrass's potential as a natural bioherbicide for sustainable weed control in agricultural systems. Further investigation is needed to isolate and characterize the active compounds and assess their effectiveness under field conditions.
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