


Effects of potential weeds on the growth parameters and yield in rice-growing sites of Tillaberi-Niger.
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ABSTRACT 
	Rice is the staple food for many urban populations in Niger. However, its production is characterized by low yields due to several constraints, including high weed pressure. This study, carried out on three rice-growing sites in Tillabéri, aimed to: (i) identify the most harmful rice weeds, and (ii) determine their effects on growth parameters and grain yield. It used weed identification tools and an experimental design in complete blocks with four (4) repetitions corresponding to four farmers' plots, including two controls (weeded) and two experimental (unweeded). Two rice growth parameters (number of tillers per hill and plant height) and four yield characteristics (number of panicles per hill, number of infertile grains, number of fertile grains, and grain yield) were evaluated. Twenty-two (32) weed species, belonging to Poaceae (45.12%), Cyperaceae (18.29%), and broadleaf weeds families (36.59%), were recorded. The most harmful weed species are Marsilea quadrifolia, Juncus bufonius, Rotala indica, Ludwigia peploides, Cyperus difformis, Sphenoclea zeylanica, and Echinochloa crus-galli. The effect of weeds is significant (LSD 5%) on growth parameters and most yield characteristics. Thus, the effect of weeds on rice is characterized by a significant reduction in plant height (35.02%), the number of tillers per clump (24.5%), the number of panicles (25.5%), the number of fertile grains (45.5%), and yield in Kg/ha (4.72%). Additionally, a substantial increase in the number of infertile grains from the control (30 infertile grains) to the experimental plots (58 infertile grains) was observed. Considering these results in rice cultivation practices will help improve rice production.  
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1. INTRODUCTION

Rice is the staple food for more than half of the world's population (Fall and Dieye, 2008). It is the most consumed cereal among the inhabitants of West Africa, both in rural and urban areas. Since 1970, regional demand for rice has increased at a rate of 8.4%, while production has only grown by 3.3% per year (FAO, 1998).
In Niger, rice is the third cereal after millet and sorghum both in terms of cultivated area and production (Issaka, 2013). The country has developed extensive investment programs in irrigation to ensure agricultural production through water management, via irrigated areas operated by farmers organized into cooperatives. These irrigated areas have experienced different developments due to the management methods that have characterized them over time (Issaka et al., 2021; Malam et al., 2016). They hey face numerous constraints that prevent them from achieving the objectives of rice self-sufficiency and income production assigned to them (Sido, 2010).
Among the constraints are the unfavorable socio-economic environment and especially biotic factors. These include the rice yellow mottle caused by the Rice Yellow Mottle Virus (RYMV), and weeds (Issaka et al., 2021). Indeed, numerous rice weed species are present in Niger’s rice ecology (Issaka et al., 2025). They pose a crucial problem for the proper implementation of technical practices, and their control is a fundamental element for optimizing production factors (Johnson, 1997; Rodenburg and Johnson, 2009). Thus, some weeds are hosts or reservoirs of RYMV and they are potentially being a source of rice infection (Issaka et al., 2025). In fact, weeds compete with rice crops for water, nutrients, light, and space (Popp et al., 2012; Issaka et al., 2021) ; impacting severely the rice production.
The presence of weeds in rice fields thus leads to significant economic losses and represents a real threat to food security, due to the drastic reductions in rice production associated with low yields (FAO, 2011). It is precisely to better account for these reductions caused by rice weeds that this study was initiate to evaluate the effects of these weeds on rice yields in some irrigated areas of Niger. The objectives were to: (i) identify the most harmful and frequent rice weeds at the study sites, (ii) determine the effects of weeds on certain rice growth parameters, and (iii) assess the impact of these weeds on the yield parameters of rice production.

2. material and methods

2.1. Study Area

The study was conducted at three rice-growing sites in the urban commune of Tillabéri, Niger, located 115 kilometers (km) from Niamey, in the western part of the country, between the coordinates 1°30’0’’E-1°45’0’’E (east longitude) and 14°00’0’’N-14°20’0’’N (north latitude). The sites concerned are perimeters of Toula, Daikaina, and Daibéri (Fig. 1), situated along the Niger River near the city of Tillabéri. 

2.2. Material

The plant material used consists of the weeds found in the rice fields and the IR1529-680-3-1 variety that is sensitive to RYMV.
The chemical material consists of the N-P-K/15-15-15 and urea, two chemical fertilizers commonly used, and an herbicide called Londax; these fertilizers are used for conducting experimental trials, in accordance with the application by Issaka (2013).
Other miscellaneous equipment was also used. This includes, among others: (i) an electronic scale (Fig. 2A) for weighing, (ii) a tape measure, a string, wooden stakes for setting up the experiments, (iii) a knife and packaging bags (Fig. 2B) for sample collection, and (iv) a camera for taking photographs.
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Fig. 1. Study area
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Fig. 2 : Other equipment used
A: Electronic scale; B: Packaging bags

2.3. Methodology

2.3.1. Identification of the most harmful rice weeds

Surveys were conducted in the study area to first collect and inventory the major rice weeds. Then, the most harmful weeds were identified and named using the lexicon of vernacular plant names of Niger (Peyres, 1979) and 24-Weeds of Rice in West Africa (John, 2009). A survey of farmers was used to list the weeds most detrimental to rice.

2.3.2. Experimental setup, fertilization, and trial maintenance
The study was conducted during the 2023 dry season. The experimental design of the trial is a randomized block with a single factor (Effects of weeds on rice growth parameters and yield), with 4 replications (4 plots). In total, four (4) farmers within the area were selected to host the trials, with each farmer's plot constituting a block. The elementary plot has an area of 4 m², that is (1 m x 1 m) × 4. There are two control plots (T1 and T2) and two experimental plots (E1 and E2). The alleys between blocks are 3 m wide, and those separating the plots are 2 m wide; T1 and T2 are control plots that received manual and chemical weeding, while E1 and E2 are experimental plots that did not receive any weeding.
Four (04) treatments were tested. The yield squares were placed randomly within each plot. The plots were fertilized by spreading N-P-K fertilizer and urea, in two applications. The fertilizer dosage used is that recommended by agricultural research. Thus, for an area of (1m×1m) ×4, doses of 0.02 kg and 0.04 kg/m² are required for NPK and urea, respectively. These doses were subsequently adjusted to match the area of the experiment plots. 

2.3.3. Determination of the effects of weeds on rice growth and yield parameters
Observations focused, on the one hand, on the number of tillers per hill and plant height, and on the other hand, on the number of panicles per hill, the number of fertile grains per panicle and the average grain yield from the production of yield squares.

 2.3.3.1. Determination of the effects of weeds on rice growth parameters

Plant height was measured when 90% of the plants were between end of tillering and beginning of grain maturity. Measurements were taken in centimeters, from the base of the plant to the tip of the leaf or the highest panicle. Thus, the heights of plants from five (5) randomly chosen hills were measured in the experimental plots (E1 and E2) and the controls (T1 and T2). The average height per treatment was obtained by calculating the mean of the measurements from the five (5) random hills.
The number of tillers per clump was counted manually on five (5) clumps randomly selected from each sub-plot of the study. The average number of tillers per treatment was obtained by calculating the mean of the numbers obtained from the 5 clumps. The number of panicles per clump was determined by manually counting the panicles on the tillers of five (5) randomly chosen clumps. Then, the number of fertile and sterile tillers was recorded. Finally, the average number of panicles was determined by calculating the mean of the values obtained from the five (5) clumps of each treatment.

2.3.3.2. Determination of the effects of weeds on rice yield parameters

The number of filled and empty grains per panicle was counted manually on 5 randomly selected panicles from 5 clumps. The average number of fertile (filled) and infertile (empty) grains was obtained by averaging the values from the 5 panicles. 
The paddy yield was assessed in each of the yield plots at 85-90% maturity. It involved harvesting, drying, threshing the collected panicles, then winnowing and weighing the paddy obtained from the average harvests of the control and experimental plots, using an electronic scale with a capacity of 15 kg ± 0.2 g.
The percentage (%) of yield reduction and those of other parameters (height, number of tillers, number of fertile and infertile grains) under the effect of weeds were calculated using the following formula:
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RP = Parameter Reduction; Parameter P = growth or yield parameter = height, number of tillers, number of fertile grains, number of infertile grains, and yield VT = control treatment value; VEP = experimental treatment value.

2.3.4. Data analysis

The data were collected manually in the field using a notebook. Microsoft Office 2016 Excel spreadsheet was used for entering the collected data and creating tables and graphs, and XLSTAT 2024.4.0.1424 software was used for statistical analyses (analysis of variance or ANOVA, Pearson correlation matrix at a 5% threshold, Biplot / Principal Component Analysis, Biplot-PCA).
The variations between control (weeded) and experimental (unweeded) treatments were used to: (i) determine the effect of weeds on growth parameters, (ii) assess the effect of weeds on yield characteristics, and (iii) measure the reduction in rice yield due to these weeds. The average values of growth and yield parameters from the control and experimental treatments obtained allowed for the evaluation of the effects of these weeds.
ANOVA was conducted on a single factor, which is the effect of weeds on rice growth parameters (plant height and number of tillers per hill) and yield characteristics (number of panicles, number of fertile grains, number of infertile grains, and grain yield). The Pearson correlation matrix at the 5% level establishes relationships between pairs of treatments. The PCA biplot classifies the studied parameters according to the correlation axes and describes their relationships.

3. results and discussion

3.1. Results 

3.1.1. Inventory of Major Rice Weeds

Eighty-two (82) weed samples were collected from the three rice-growing sites prospected. This includes 37 samples from Toula, 26 from Daikaina, and 19 collected in Daibéri (Table 1), comprising 45.12% Poaceae, 18.29% Cyperaceae, and 36.59% broadleaf weeds.
The identification of the collected weeds allowed for the inventory of 32 species across 12 families (Table 2). Among these families, eight (8) are predominant: Marsileaceae, Juncaceae, Lythraceae, Onagraceae, Cyperaceae, Sphenocleaceae, Asteraceae, and Poaceae. The most harmful species are mainly Marsilea quadrifolia, Juncus bufonius, Rotala indica, Ludwigia peploides, Cyperus difformis, Sphenoclea zeylanica, and Echinochloa crus-galli (Fig. 3).




Table 1. Inventory of weed samples from rice collected in the study area

	S/N
	Family
	Sites
	Ecology
	Total samples
	Proportion (%)

	1
	Poaceae /Gramineae
	Toula (15)
Daikaina (12)
Daibéri (10)
	Irrigated rice fields and surroundings
	37
	45,12

	2
	Cyperaceae
	Toula (7)
Daikaina (4)
Daibéri (4)
	Irrigated rice fields and surroundings
	15
	18,29

	3
	Broadleaf weeds: Marsileaceae, Juncacceae, Lythraceae, Onagraceae, Sphenocleaceae, Asteracea, Convolvulacea Euphorbiaceae, Sphenocleaceae, Nymphaeceae
	Toula (15)
Daikaina (10)
Daibéri (5)
	Irrigated rice fields and surroundings
	30
	36,59



Table 2. Number, families, and species of rice weeds identified

	S/N
	Family
	Weed species
	Site/species
	Total species

	1
	Poaceae /Gramineae
	Echinochloa crus-galli, Cynedon dactylon, Eleusine indica,  Glyceria declinata,  Glyceria Maxima,  Leersia hexandra,  Leersia Oryzoides,  Oryza barthii, Panicum repens L,  Paspalum digitatum, Oryza barthii,Paspalum distichum,  Paspalum scorbiculatum var., Cenchrus  clandestinus, Setaria viridis
	
Toula (7)
Daikaina (5)
Daibéri (3)
	

15

	2
	Cyperaceae
	Cyperus difformis, Cyperus eragrostis,  Cyperus esculentus, Cyperus iria,  Cyperus rotondus,  Pycreus macrostachyos Lam,  Pycreus lanceolatus, 
	Toula (3)
Daikaina (2)
Daibéri (2)
	
7

	3
	Broadleaf weeds : Marsileaceae, Juncacceae, Lythraceae, Onagraceae, Sphenocleaceae, Asteracea, Convolvulacea Euphorbiaceae, Sphenocleaceae, Nymphaeceae
	Marsilea quadrifolia, Marsilea minuta, Juncus bufonius, Rotala Indica, Ludwigia pepploides, Sphenoclea zeylanica, Convulvulus arvensis,  Nymphaea tetragona, Euphorbia hirta L.
	
Toula (5)
Daikaina (2)
Daibéri (2)
	

9

	Total
	31
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Fig. 3. The most harmful weed species for rice

3.1.2. Effect of weeds on rice growth parameters

The study focused on two growth parameters: the number of tillers and the average height of rice plants per treatment (control and experimental).
3.1.2.1. Interaction between treatments and growth parameters

The result of the analysis of variance (ANOVA) regarding the effect of weeds on plant height and the number of tillers per hill and per treatment is shown in Table 3, while Table 4 provides the Pearson correlation matrix for the interaction between the two (2) growth variables.

Table 3: ANOVA on the effect of weeds on growth parameters and their interaction

	Contraste
	Plant height
	Number of tillers 

	Control 2 vs Experimental 2
	36,600***
	22,300***

	Control 2 vs Experimental 1
	34,700***
	27,850***

	Control 2 vs Control 1
	1,250ns
	1,000ns

	Control 1 vs Experimental 2
	35,350***
	26,850***

	Control 1 vs Experimental 1
	33,450***
	21,300***

	Experimental 1 vs Experimental 2
	1,900ns
	5,550ns

	Fisher test (LSD 5%)
	11,29
	12,859



Table 4: Pearson correlation matrix (n) for growth and yield parameters
	Variables
	Number of tillers 
	Number of panicles 
	Sterile grains 
	Fertile grains 
	Yield (t/ha) 
	Plant height 

	Number of tillers 
	1
	
	
	
	
	

	Number of panicles 
	0,991
	1
	
	
	
	

	Sterile grains
	-0,970
	-0,962
	1
	
	
	

	Fertile grains
	0,975
	0,993
	-0,973
	1
	
	

	Yield (t/ha)
	0,970
	0,994
	-0,942
	0,993
	1
	

	Plant height
	0,993
	0,996
	-0,983
	0,994
	0,985
	1


Values in bold are different from 0 at a significance level of alpha=0.05.  

The analysis of Table 3 shows a significant difference (LSD 5%) in height and the number of tillers between control and experimental treatments. However, there is no significant difference in these growth parameters between the controls themselves or between the experimental treatments.  
The analysis of Table 4 reveals a positive correlation between the average number of tillers per hill and the average plant height. The correlation is also positive between these two growth parameters and the number of panicles, the number of fertile grains, and grain yield (t/ha). However, the correlation is negative between the number of sterile grains and the two growth parameters.

3.1.2.2. Effect of weeds on plant height and the number of tillers

Fig. 4 below shows the average number of tillers per hill and the average height of rice plants in the control and experimental plots.


Fig. 4. Average number of tillers per hill and average height of rice plants in the control and experimental plots. 
T1 and T2: controls, which received manual and chemical weeding; E1 and E2: experimental plots that did not receive any weeding. 

Data analysis on the number of tillers per hill in Figure 3 shows that the experimental plots E2 and E1 had the lowest average number of tillers, with 16 and 22 tillers respectively, compared to 43 and 44 tillers in the control plots T1 and T2, corresponding to an average reduction of 21 to 28 tillers from the control treatments to the experimental ones.
Height data analysis in the same figure also shows that the average height of rice plants in the experimental treatments is lower than that of the controls. Thus, the average height ranges from 72.90 to 74.15 cm in the control treatments (T1 and T2) and from 37.55 to 39.45 cm for the experimental plots (E1 and E2), representing an average height reduction of about 34.7 to 36.60 cm from the control to the experimental treatments.

3.1.3. Effect of weeds on yield characteristics and their interaction

Four (4) yield parameters were evaluated. These are the number of panicles, fertile and infertile tillers per hill, and grain yield (t/ha) per treatment (control and experimental).

3.1.3.1. Interaction between treatments and yield characteristics

The result of the analysis of variance (ANOVA) regarding the effect of weeds on rice yield characteristics is shown in Table 5.






Table 5: ANOVA on the effect of weeds on yield parameters and their interaction

	Contraste
	Number of Panicles
	Infertile Grains
	Fertile Grains 
	Grains yield (Kg/m2)
	Grains yield (t/ha)

	Control 2 vs Experimental 2
	28,650***
	23,750***
	45,750***
	0,878***
	5,250ns

	Control 2 vs Experimental 1
	26,800***
	24,000***
	49,750***
	0,886***
	5,458ns

	Control 2 vs Control 1
	4,200ns
	6,000ns
	4,500ns
	0,497ns
	1,258ns

	Control 1 vs Experimental 2
	24,450***
	29,750***
	41,250***
	0,907***
	3,992ns

	Control 1 vs Experimental 1
	22,600***
	30,000***
	45,250***
	0,915***
	4,200ns

	Experimental 1 vs Experimental 2
	1,85ns
	0,250ns
	4,000ns
	0,408ns
	0,208ns

	Fisher test (LSD 5%)
	8,648
	12,133
	10,233
	0,514
	5,677



3.1.3.2. Effect of weeds on yield characteristics
The Fig. 5 (below) shows the average number of panicles, infertile grains, fertile grains and grains yield of rice plants (kg/m2 et t/ha) in the control and experimental plots.
 



Fig. 5: Average number of panicles, infertile grains, fertile grains and grains yield of rice plants (kg/m2 et t/ha) in the control and experimental plots. 

The figure 5 shows that all yield characteristics, except for the average number of infertile tillers, are low in the experimental treatments and high in the control ones. In fact, in the experimental treatments (E1 and E2), the average numbers of panicles, fertile tillers per clump, and average grain yield range from 13-14, 30-34 and 5.65-5.86 t/ha to 37-41, 75-80, and 9.85-11.11 t/ha in the controls (T1 and T2), representing a potential reduction of approximately 23 to 28 panicles, 41 to 50 fertile grains, and 4.14 to 5.35 t/ha from the control treatments to the experimental treatments. However, more infertile grains were counted in the experimental plots than in the control ones. The number of infertile grains increased from 27-33 in the control (T1 and T2) to 57-58 in the experimental plots (E1 and E2), representing an increase of 25 to 31 infertile grains from the control plots to the experimental.

3.1.4. Biplot of parameters evaluated in PCA

The biplot of parameters evaluated in PCA (Fig. 6) summarizes the relationships between variables and observations (treatments) on the first two components (axes F1 and F2: 99.51%). 



Fig. 6. Biplot-ACP of measured parameters

This figure shows that axis F1 is almost the sole source of variation, and the variables are strongly and positively correlated with each other and with axis F1 (98.40%). Indeed, the biplot shows a positive correlation between the two (2) growth parameters (plant height and tillers number per clump). This correlation is also positive between yield characteristics (number of panicles, number of fertile grains, and grain yield in t/ha). On the other hand, the correlation is negative between the number of infertile grains and all other yield characteristics, and between infertile grains and the two growth parameters. 

3.1.5. Reduction rates for growth parameters and yield due to weeds

Table 5 shows the reduction rates for growth parameters and yield related to weeds.

	Parameters
	Treatments
Control T Experimental E
	Average (Aver.) / Treatments
	Reduction rate due to weeds

	
	T1
	T2
	E1
	E2
	Aver.T
	Aver. E
	Average T-Average E

	Nuumber of tillers
	43
	44
	22
	16
	43,5
	19
	24,5

	Plants high (cm)
	72,9
	74,15
	39
	38
	73,52
	38,5
	35,025

	Nmber of Panicules 
	37
	41
	14
	13
	39
	13,5
	25,5

	Number of infertiles grains
	27
	33
	58
	57
	30
	57,5
	-27,5

	Number of fertiles grains
	75
	80
	30
	34
	77,5
	32
	45,5

	Average of grains yield (t/ha)
	9,85
	11,11
	5,65
	5,86
	10,48
	5,75
	4,72



Analysis of Table 5 shows that the reduction in the number of fertile grains due to weeds is almost average (45.5%) ; it is equivalent to one-third (1/3) of the average height value (35%), one-quarter (1/4) of the average number of tillers and panicles (25%), and approximately 5% of the yield. However, the number of infertile grains is higher in the experimental plots than in the control ones, resulting in a negative reduction rate of -27.5% when comparing the control plots to the experimental plots. 

3.2. Discussion 

The results of this study show that weeds are a major constraint to the development of rice cultivation in Niger. They compete with cultivated rice for nutrients and are reservoirs of pathogens and crop pests.
The weeds identified in the study area include 32 species belonging to 12 families. These are characterized by the predominance of one family of Poaceae (45.12%), one of Cyperaceae (18.29%) and six families of broad-leaved weeds (Marsileaceae, Juncaceae, Lythraceae, Onagraceae, Sphenocleaceae, and Asteracea) representing 36.59% of the samples collected, suggesting the predominance of Poaceae over other families. These results differ from those of Issaka et al. (2025), who reported the presence of 37.34% Poaceae, 13. 33% Cyperaceae, and 49.33% broadleaf weeds in two of our sites (Toula and Daikaina), extended to the sites of Diambala and Namari-Goungou; results suggesting the predominance of broadleaf weeds in the study area. However, the results of the study are consistent with those of Boubacar (2020), who reports that the main weeds found in the Toula irrigation perimeter are Marsilea minuta (M. diffusa), Portulaca oleracea L., Cyperus difformis L., Ludwigia octovalvis, Acroceras zizanioides (Kunth) Dandy, Pentodon pentandrus (Schum. & Thronn) Watke, Tridax procumbens L, and Cyperus iria. Our results also differ from those of the study by Mballo (2018) on the weed flora of irrigated rice in four experimental sites in the Senegal River valley, which identified 55 species in 22 families. 
The results of the farmer survey on the nature of weeds revealed that the most harmful species are Marsilea quadrifolia, Juncus bufonius, Rotala Indica, Ludwigia pepploides, Cyperus difformis, Sphenoclea zeylanica, and Echinochloa crus-galli. The species Rotala indica, Cyperus spp., and Echinochloa spp. have already been identified as widespread in certain rice fields in Niger and as very harmful to rice cultivation (Issaka et al., 2025). 
Ludwigia pepploides is a real limiting factor for rice cultivation. It is a weed that prefers very light environments, produces allopathic substances that inhibit the germination of other plants, and has a high capacity to adapt to the nutrients available in the water. These results are comparable to those obtained by Flora (2020), who reported that Ludwigia pepploides, thanks to the rapid growth of its long rhizomes and its great ability to adapt to water quality, strongly competes with cultivated rice by: (i) reducing water quality and dissolved oxygen concentration, (ii) slowing down the flow of irrigation channels by forming dams and various deposits, and (iii) gradually suffocating crops through the decomposition in winter of the significant biomass produced, and (iv) forming a dense, almost impenetrable weed bed both on the surface and at depth that completely covers the channels and drains.
Cyperus difformis is a major weed in rice fields; it prefers rich, fertile soils but can also grow in poor sandy soils. It forms a dense, compact mat in young rice plantations and competes with the rice for nutrients, water, and light (INRAE, 2020).
Echinochloa crus-galli is an invasive plant in rice fields that reduces crop yields by absorbing up to 80% of the nitrogen available in the soil and serves as a reservoir host for the rice yellow mottle virus (Issaka et al., 2012; Issaka et al., 2021) and several other plant viruses. Similar results have shown that in dense stands, this species alone can remove 60 to 80% of the available nitrogen from the soil. Echinochloa crus-galli also closely resembles young rice plants, meaning that it is very common for this weed to be mixed with rice plants during field transplantation, and its very broad leaves compete with rice for light (Serail, 2017). In addition, this species can significantly reduce rice yields due to its highly invasive nature and high nutrient requirements. 
Statistical analyses performed on the various parameters studied show a significant difference (LSD 5%), on the one hand, in the height and number of tillers per plant/hole between the control (weeded) and experimental (unweeded) treatments, and on the other hand, in the number of panicles, fertile and infertile grains, and yield (kg/m²) between the same treatments. This suggests that weeds have a significant effect on height, number of tillers, number of fertile grains, number of infertile grains, and yield (kg/m²). However, the difference in terms of yield (t/ha) between the control and experimental treatments is not significant, indicating that weeds have no significant effect on grain yield. Thus, the results relating to rice growth and yield parameters show that the experimental plots recorded an average reduction of 21 to 28 tillers, 34.7 to 36.60 cm in height, 23 to 28 panicles, 41 to 50 fertile grains, and 4.14 to 5.35 t/ha, compared to the control treatments. A high proportion of infertile panicles was also observed in the experimental plots. This suggests that the parameters number of tillers per clump, plant height, number of panicles, number of fertile grains, and grain yield are all low in the experimental plots, under the effect of weeds, with, however, a large number of infertile grains. 
These results indicate that the effect of weeds is characterized, on the one hand, by a significant reduction in plant height, number of tillers, number of panicles, number of fertile grains, and yield (t/ha), and on the other hand, by a significant increase in the number of infertile grains; with reductions in plant height, number of tillers, number of panicles, number of fertile grains, and yield (t/ha) of 35.02%, 24.5%, 25.5%, 45.5%, and 4.72%, respectively, compared to the values recorded in the control plots. However, the number of infertile grains is higher in the experimental plots than in the control plots, resulting in a negative reduction rate of -27.5% when comparing the control plots to the experimental plots. 
However, there is a negative correlation between the number of infertile grains and other yield and growth parameters. These results suggest that the effect of weeds is characterized by a decrease in height, which is also reflected in a reduction in the number of tillers, panicles, fertile grains, and grain yield in the experimental plots compared to the controls. However, the effect causes a sharp increase in the number of infertile grains in the experimental treatments compared to the controls. Reduction rates of more than 26% in height, 39.47% and 52.35% in the number of tillers, and 44.73% and 29.16% in the number of panicles were recorded in the Séberi (Niger) and Daloa (Ivory Coast) areas by Halidou (2001) and Sylla et al. (2017). The reduction in plant height was attributed to the presence of weeds, which compete with rice for water, nutrients, sunlight, and space, thereby causing poor rice growth (Johnson, 1997). Our results are consistent with those of Uprety (2005), who reported in India and South Asia that early weeding improves the production of primary tillers, which ultimately produce numerous grain-laden panicles and yield high yields. Low panicle production in the experimental plots could be explained by competition with weeds. A similar reduction in the number of panicles was reported by Mamun (1990) in Bangladesh. Than (2003) reported that the number of panicles per cluster was higher in the weed-controlled control plots and lower in the unweeded experimental plots.
Regarding the number of fertile and sterile panicles, it appears that the control treatments recorded more fertile grains per cluster (78 fertile grains), while the experimental plots yielded more sterile grains (58 infertile grains) per cluster. In addition, the treatments that received weeding yielded the highest yield (10.58 t/ha), and the experimental plots (unweeded) recorded the lowest yield (5.75 t/ha). This is due to increased competition from weeds. Weeds are the main factor responsible for lower yields, reduced soil organic matter content, and reduced soil capacity to release nitrogen for rice plant growth and development. Paddy yields increase with the application of herbicides followed by manual weeding, and the best paddy yields are obtained when herbicide use is supplemented by two manual weedings (Rekha et al., 2002; Singh and Angiras, 2008). Finally, the variability in treatment results can be explained by the stark contrast between weeding and grassing conditions, rather than by internal differences within the control and experimental treatment groups.

CONCLUSION

Thirty-two (32) weed species, belonging to 12 families, were identified. Six (6) of these species were identified as highly harmful to rice. These are Marsilea quadrifolia, Juncus bufonius, Rotala Indica, Ludwigia pepploides, Cyperus difformis, Sphenoclea zeylanica, and Echinochloa crus-galli. Their effect on growth and yield parameters has been described and discussed; this effect is mainly expressed in the form of competition for nutrients, water resources, light, and space with rice. 
The identified weed species affect rice plant height, number of tillers, number of panicles per tiller, panicle fertility (number of fertile and infertile grains), and grain yield (paddy). The potential effect of weeds results in average reductions of 35.02%, 24.5%, 25.5%, 45.5%, and 4.72% in height, number of tillers, number of panicles, number of fertile grains, and grain yield (t/ha), respectively. However, the effect of weeds is characterized by a sharp increase in the number of infertile grains in the experimental treatments that were not weeded. This suggests that weeds should be taken seriously into account in all technical itineraries and/or sustainable rice production development plans in the study area and beyond.
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Rice growth parameters

Number of Tiller	
Experimental 1 (E1)	Experimental 2 (E2)	Control 1 (T1)	Control 2 (T2)	22	16.45	43.3	44.3	Plant Heigh	
Experimental 1 (E1)	Experimental 2 (E2)	Control 1 (T1)	Control 2 (T2)	39.450000000000003	37.549999999999997	72.900000000000006	74.150000000000006	Experimental treatments (E1, E2) and Controls (T1, T2)


Number of Tillers (Nber / Plant heigh (cm)






Rice yield parameters

Experimental 1 (E1)	
Number of panicles	Infertile Grains 	Fertile Grains	Grains yield (kg/m2)	Grains yield (t/ha)	14.35	57.25	29.75	1.17	5.65	Experimental 2 (E2)	
Number of panicles	Infertile Grains 	Fertile Grains	Grains yield (kg/m2)	Grains yield (t/ha)	12.5	57	33.75	1.1399999999999999	5.86	Control 1 (T1)	
Number of panicles	Infertile Grains 	Fertile Grains	Grains yield (kg/m2)	Grains yield (t/ha)	36.950000000000003	27.25	75	0.69433333333333302	9.85	Control 2 (T2)	
Number of panicles	Infertile Grains 	Fertile Grains	Grains yield (kg/m2)	Grains yield (t/ha)	41.15	33.25	79.5	0.67	11.11	Experimental treatment (E1, E2) and Controls (T1, T2)


Number of panicles / Infertile grains / Fertile grains / Grains yield








Biplot (axis F1 et F2 : 99,51 %)

Variables actives	Talles number
Panicules number
infertile grains
Fertiles grains
Average grains yield (t/ha)
Plants heigh

0.40784315398688498	0.41041124792766498	-0.40299676623019098	0.40988310264796002	0.40686182354037598	0.41143586916745101	-0.12326045418307501	0.25749739115835502	0.75818278465379696	0.13344119368839299	0.56470971821969995	-8.3409837615722696E-2	Observations actives	E1
E2
T1
T2

-2.3410787189784799	-2.5120337217490101	2.2709155581813598	2.5821968825461301	-3.1773082619618802E-2	5.3484508643473302E-2	-0.37276498542805803	0.35105355940420402	0	0	407843153986885	0	0	123260454183075	0	0	410411247927665	0	0	257497391158355	0	0	402996766230191	0	0	758182784653797	0	0	40988310264796	0	0	133441193688393	0	0	406861823540376	0	0	5647097182197	0	0	411435869167451	0	0	834098376157227	F1 (98,40 %)


F2 (1,11 %)
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