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Floristic Composition and Phytosociological Structure of Weed Flora Associated With Irrigated Sorghum in the Gezira Scheme, Sudan


Abstract 
This study assessed the floristic composition, family dominance, and life-form spectrum of weeds associated with the irrigated Sorghum agro-ecosystem. The study area covered 22,500m2 and was divided into three blocks, each measuring 300x 25 m (700,500m2). A 1x1 m quadrat was used as the sampling unit. And 45 quadrats were randomly laid within each block, giving a total of 90 quadrats across the entire study area. Within each quadrat, all weed species were identified and counted to determine density and frequency. Family composition percentage was also calculated. Species were further classified according to Raunkiaer's life-form system, and the biological spectrum was constructed to assess ecological adaptation strategies.  A total of 27 weed species belonging to 12 families were recorded, indicating moderate floristic diversity under irrigated cultivation conditions. The most dominant families were Fabaceae (22.2%), followed by Poaceae (18.5%), while Asteraceae and Malvaceae each accounted for 14.6 % and Convolvulaceae represented 7.4 %of the total flora. Dicotyledonous species constituted 74.1% of the recorded taxa, whereas monocotyledons represented 25.9 %. Corchorus fascicularis was the most dominant species, showing the highest frequency (77 occurrences) and Density (25.33%). Other dominant species included Hibiscus panduriformis (10.19%), Echinochloa colona (10.12%), and Cynodon dactylon (9.52%). Several species exhibited low densities (<1%), indicating uneven species distribution within the community. Life-form analysis revealed a clear predominance of therophytes (85.2%), with hemiphytes (11.1%) and geophytes (3.7%) occurring at lower frequencies. The dominance of Fabaceae and Poaceae reflects their ecological adaptability, high reproductive capacity, and nutrient –enriched conditions. The high proportion of therophytic species indicates strong adaptation to seasonal disturbance, frequent tillage, and irrigation cycles characteristic of an intensively managed agro-ecosystem.  These findings align with recent studies from sub-Saharan Africa that report similar weed community structures in irrigated cereal systems. The weed flora of irrigated sorghum fields is primarily structured by anthropogenic disturbance, irrigation regimes, and crop management practices. The present study provides baseline floristic and ecological data that are essential for biodiversity monitoring and for designing effective, sustainable weed management strategies in irrigated agriculture systems, particularly within Sudan and comparable agro - ecological regions.     
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1. Introduction
Opinions converged on the definition of weeds as any plants that are growing in unwanted areas and do not depend on human interference for reproduction and survival. In agriculture, a weed is any plant that is growing where it is not wanted. The concept of weeds as unnecessary plants was originated when man started to intentionally grow plants for food (Rahman, 2013). Weeds are unwanted because they are dropping crop yield by competing with crop plants for resources like light, water, and nutrients. Moreover, they damage harvesting equipment, harbor pests, diseases, and pose other negative impacts on the agricultural economy and ecosystem.  
Sorghum bicolor is a species of grass, commonly called sorghum, that is a major cereal crop grown for its grain. It is considered the fifth most produced cereal in the world and is a source of nutrients and bioactive compounds for the human diet (Espitia-Hernández et al., 2022; Birhanu, 2021; de Morais Cardoso et al., 2017).  The food security of many developing countries relies on sorghum production due to its low input requirements and ability to endure extreme climatic stresses (Peerzada et al., 2017). In Sudan, Sorghum is the principal crop cultivated in an area estimated at approximately 55.6% of the total cultivated area. It is a very important crop serving as a primary source of food, beverage, and total livelihood for millions of people in the country (Grenier et al., 2004; Farah, 1983). 
The Gezira Irrigated Scheme is the largest scheme, which is not limited to Sudan, but extends to the entire world. The scheme centered on the Sudanese state of Gezira. it played an important role in the country’s economy, country’s cash crops, and produces most of Sudan's food. Sorghum is a key crop grown in the Gezira Scheme. Sorghum is a key crop in Gezira Scheme where it is production represents 12% of the country's sorghum (Mamad, 2010). 
Despite sorghum’s potential for food value, the total worldwide area under sorghum production has declined, mainly due to difficulties faced with weed management (Kumar et al., 2012). In addition to other biotic and abiotic factors, weeds are a major constraint in sorghum, causing up to 97% yield losses (Peerzada et al., 2017). Weeds are the major constraint to crop production in all cultivated areas in Sudan, especially sorghum. 
 A study of weed flora is crucial for weed management because it identifies the type, abundance, and location of weeds, which enables the development of effective and targeted control strategies. This allows for the selection of appropriate control methods, such as specific herbicides, tillage, or crop rotation, based on the weeds' biological characteristics and infestation levels. 
This study aims to provide a comprehensive evaluation of the weed flora associated with irrigated sorghum agro-ecosystem. This study is important because understanding weed diversity and community structure is essential for developing effective and sustainable weed management strategies. Documenting floristic composition and biological spectra provides baseline ecological data for biodiversity monitoring, supports improved decision-making in integrated weed management programs, and contributes to sustainable crop production under irrigated systems, particularly in Sudan and similar agro-ecological regions.  

2. Material and method

2.1. The Study Area
El-meilg area is located in the Republic of Sudan, Gezira state, Al-Kamilin District. It has been part of the Gezira Scheme since 1930. Most of its 20,000 inhabitants are farmers.
The climate is classified as a subtropical climate, hot in the summer, which begins in May and continues until late September, and the winter is characterized by cold, with the temperature drops to 12 C0.
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              Fig1: Map Illustrates the Location of the Study Area

2.2. Experimental Design
The study targeted the farms of irrigated sorghum in the study area during the august- October of 2025. The study divided sorghum field in the study area into three blocks. Each block measured 300x 25m, covering an area of 7,500m2 per block. The total study area across the three blocks was therefore 22.500 m2. The field was managed under conventional agronomic practices typical of an irrigated agro-ecosystem. 
2.3. Sampling procedure
A quadrat sampling method was employed to assess weed species composition, density, and frequency. A square quadrate measuring 1 x 1m (1m2) was used as the standard sampling unit.
Within each 300 x 25 m (7,500m2) block, 45 quadrats were randomly laid to ensure adequate and unbiased representation of the weed flora. Quadrat positions were determined randomly using coordinate selection along the length and width of each block.
Across the entire study area, a total of 90 quadrats were surveyed. Each quadrat was carefully examined, and all weed species present within the 1m2 area were identified and recorded. The number of individuals of each species inside every quadrat was counted to quantify abundance. 
Voucher specimens were collected and identified using standard taxonomic keys and regional floras (Abdallah et al., 2020; Ali and Hamadnalla, 2020; Karar, 2003) to ensure accurate species determination. Information regarding local names was collected from local farmers. The correct name was given to each plant in consultation with the online databases (https://powo.science.kew.org and https://www.ipni.org).
2.4. Data collection and Analysis
· For each quadrat, the following data were recorded:
· Species name 
· Number of individuals per species.
· Presence or absence of each species.
The collected data were used to calculate the following phytosociological parameters:
1. Density (%) 
 Density (%) = Total individuals of a species    x 100
                                         Total individuals of all species                
2. Frequency (%)
Frequency (%) = Number of quadrats in which a species occurred X 100
                                              Total number of quadrats surveyed 

2.5. Raunkiaer ' s  Biological spectrum
To evaluate the adaptive strategies of the weed flora, species were classified according to  Raunkiaer 's life –form system based on the position of perennating buds during unfavorable seasons. Each recorded species was categorized into the appropriate life-form group (therophtes, hemicryptophtes, geophytes, chamaephytes, or phanerophytes) based on morphological characteristics and literature descriptions.
The biological spectrum was constructed  by calculating the percentage representation of each life-form category using the formula:
Life-form percentage = Number of species in a life-form category x100
                                                 Total number of recorded species      

3. Results
The floristic survey recorded a total of 27 weed species belonging to 12 families associated with irrigated sorghum grain field (Table 1). 
Family level analysis showed that Fabaceae was the most represented family with 6 species (22.22%), followed by Poaceae with 5 species (18.52%).Malvaceae and Asteraceae were each represented by 4 species (14.81% each). While convovulaceae accounted 3 species (11.11%). The remaining families collectively contributed 5 species (18.52%).












                                                          
	Life span
	Life form
	Frequency
%
	Density 
%
	Local Name
	Plant species

	AnH./ peH. 
	Thero.
	23
	6.42
	Folaa 
	Alysicarpus monilifer (L.) DC.

	AnH./ PeH.
	Thero.
	9
	0.91
	Um-galagel
	Aristolochia bracteolata Lam.

	PeGr.
	Hemi.
	27
	2.72
	Um –kweaat
	Brachiaria eruciformis (Sm.) Griseb

	AnH
	Thero.
	77
	25.33
	Khodrat –al-khala
	Corchorus fascicularis Lam.

	AnGr.
	Thero.
	13
	1.60
	Ibrik-Al.faki  
	Cyanotis axillaris (L.) D.Don ex Sweet

	PeGr.
	Hemi.
	22
	9.56
	Nagela 
	Cynodon dactylon (L.) Pers.

	
	Geo.
	8
	1.46
	Sedda 
	Cyperus rotundus L.

	PeGr.
	Hemi.
	11
	1.67
	Dankog
	Dichanthium annulatum (Forssk.) Stapf.

	AnH.
	Thero.
	2
	0.21
	Lblaab
	Digera muricata (L.) Mart.

	AnGr
	Thero.
	15
	3.07
	Um-meleha 
	Dinebra retroflexa (Vahl) Panz.

	AnGr
	Thero.
	38
	10.12
	Defra 
	Echinochloa colona (L.) Link

	AnH./ PeH.
	Thero.
	13
	2.72
	Tamer-el-ganam 
	Eclipta prostrata (L.) L.

	AnH
	Thero.
	6
	0.28
	N/R
	Hibiscus obtusilobus Garcke

	AnH/ PeH
	Thero.
	35
	10.19
	Handbook/um-  Baro
	Hibiscus panduriformis Burm.f.

	AnH.
	Thero.
	2
	0.345
	
	Ipomoea sp.

	PeH.
	Thero.
	3
	0.21
	N/R
	Merremia emarginata (Burm.f.) Hallier f.

	AnH.
	Thero.
	35
	4.95
	Alaaf 
	.	Aiton	Phaseolus trilobus

	AnH.
	Thero.
	5
	0.42
	Soreeb-kabeer
	Phyllanthus maderaspatensis f.

	AnH.
	Thero.
	32
	6.28
	Soreeb 
	Phyllanthus niruri L.

	AnH./PeH.
	Thero.
	2
	0.14
	Adan-Al-faar
	Rhynchosia minima (L.) DC.

	AnH./ peH.
	Thero.
	2
	0.28
	Kawal 
	Senna obtusifolia (L.) H.S.Irwin & Barneby

	PeSh.
	Thero.
	6
	0.83
	Sisaban 
	Sesbania sesban (L.) Merr.

	PeH 
	Thero.
	1
	0.14
	Gobeen 
	Solanum dubium Fresen.

	AnH./ PeH.
	Thero.
	7
	1.67
	Moleta 
	Sonchus oleraceus L.

	AnH.
	Thero.
	2
	0.14
	Bouda 
	Striga hermonthica (Delile) Benth.

	AnH.
	Thero.
	2
	1.05
	Rbaa 
	Trinthema portulacastrum L.

	AnH.
	Thero.
	10
	1.18
	Shelni-maak
	Xanthium brasilicum Vell.

	AnGr
	Thero.
	21
	2.86
	N/R
	Urochloa panicoides P.Beauv.




Table 1: Showing Floristic list, Local names, Relative Density (%), Frequency (%), life forms and life-span of the weed flora in the field of irrigated sorghum.                                                              
                                                         



                   Key: N/R: Not Recorded; AnH: Annual Herb; PeH: Perennial Herb; AnGr: Annual Grass; PeGr: Perennial Grass; AnNgr: Annual Non-grass; PeNgr: Perennial Non-grass; PeSed: Perennial Sedge; PeSh: Perennial Shrub; AnSh: Annual Shrub. Thero :Therophyte ;    Geo: Geophyte ;  Hemi= Hemicryptophtes.
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 Fig. 2: Number of the Families of Weed Species in the Study Area.
Dicotyledonous species clearly dominated the field flora, comprising 20 species (74.07%), whereas monocotyledonous species accounted for 7 species (25.93%).    
[image: ]
            Fig. 3: Percentage Composition of Weeds Based on their Botanical Class.

Life-form analysis revealed a strong predominance of therophytes, which constituted 23 species (85.19%) of the total flora. Hemicryptophtes were represented by 3 species (11.11%), while geophytes were recorded in only one species (3.70%). No chamaephytes or phanerophytes were observed (Table1).
Most of the species reproduced exclusively by seeds (23 species, 85.19%), whereas 4 species (14.81%) exhibited combined seed and rhizome propagation (Fig. 4).

[image: ]
         Fig. 4: Percentage Composition of Weed Species Based on their Propagation Method.
The weed community was largely dominated by erect species (20 species, 74.07%), prostrate species accounted for 4 species (14. 81 %) while vine or climbing species represented by 2 species (7.41%). 

[image: ]
                          Fig. 5: Percentage Composition of Weed Species Based on their Growth Form.


Annual herbs were the dominant life-span category. Annual /perennial accounted for 7 species (25.93%), annual grass 5 species (18.52%), and perennial grass 3 species (11.11%). Additionally, 2 species (7.41%) were perennial herbs, and one species (3.70%) was classified as perennial shrub 
(Table 1). 
Corchorus fascicularis was the most abundant species, recording the highest frequency (77%) and the highest density (25.33%), this was followed by Hibiscus pamduriformis ( frequency = 35%;  density = 10.19%), and  Echinochloa colona (frequency= 38 %; density = 10.12%). Cynodon dactylon also showed high dominance (frequency= 22%; density= 9.56%).
Moderately abundant species included: 
Phyllanthus niruri  (32 %; 6.28%)
Alysicarpus monilifer ( 23%; 6.42%)
Phaseolus trilobus  (35%; 4.95%)
Urochloa panicoides (21%; 2.86%)
Low - density species such Solanum dubium, Rhynchosia minima, Striga hermonthica, and Sonchus oleraceus recorded relative densities below 1%.
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	Number of species 
Fig. 6: Density (%) of Weed Species in the Field of irrigates Sorghum in the Study Area. 



4. Discussion 
Weeds have been a matter of great concern to the grain sorghum growers in Sudan. Hamada, (2000) reported that weeds are very strongly influencing in the productivity of the sorghum in Sudan, where the yield loss is 77-84%. There are many of factors are influencing the weed flora in the Gezira Scheme include crop management practices (crop rotation, herbicides, and irrigation methods), socio-economic factors (labor availability), and environmental variables like water quality for aquatic weeds (Karar et al., 2005). 
The present study documented 27 weed species belonging to 12 families, indicating moderate floristic diversity within the survey agro-ecosystem. Such diversity levels are typical of irrigated central-based systems in tropical and subtropical regions, where agricultural disturbance, irrigation regimes, and soil fertility create favorable ecological niches for opportunistic weed species(Salaudeen et al., 2022; Soumalia et al., 2024). 
The dominance of Fabaceae (22.2%), followed by Poaceae (18.5%) Malvaceae and Asteraceae (14.8% each), reflect patterns widely reported in tropical agro- ecosystems. Such family level dominance is a common feature of weed communities in cultivated and irrigated agro-ecosystems (Akcobundu, 1987; Zimdhl, 2018). Fabaceae dominance may be attributed their adaptive plasticity, efficient seed production, and nitrogen - fixing ability, which confer competitive advantages under cultivated conditions (Diallo and Anekonda, 2022; Gomez and Ferandez-Quintanilla, 2023; Rao, 2000; Holm et al, 1997 ). Likewise, Poaceae   species are frequently dominant in cereal systems due to morphological and physiological similarities with crops such maize and sorghum, making them highly competitive under irrigation and fertilization regimes (Salaheldin et al., 2024)
From a taxonomic perspective, dicotyledonous species represented 74.1% of the total flora, whereas monocotyledons accounted for 25.9%. This predominance of dicots aligns with findings from tropical weed ecology studies, where broad-leaved species tend to dominate disturbed agro-ecosystems due to rapid germination, short life cycles, and high reproductive capacity (Ofori and Stern,2020). Trait-based analyses further suggest that dicot weeds often possess functional characteristics-such as rapid biomass accumulation and phenotypic plasticity –that enhance survival under fluctuating irrigation and management practices. The phytosociological results revealed that the weed community was strangely dominated by a few highly competitive species. The high frequent and density of Corchorus fascicularis (25.33%) indicate its strong ecological adaptation to irrigated sorghum systems. Its dominance suggests high seed production capacity and efficient colonization under disturbed and irrigated conditions. Similarly, Echinochloa colona (10.12%) and Cyndon dactylon (9.56%) demonstrated substantial competitive ability. These grasses well known for their rapid vegetation growth and efficient resource utilization, which enhance their success in irrigated agro-ecosystem (Sharma et al., 2025; MUJAHED, 2021; Dutta et a., 2015). The high occurrence of Hibiscus panduriformis  (10.19%) further indicates that broad-leaved annual weeds are highly adapted to the environmental conditions of the Gezira irrigated scheme. The uneven distribution pattern, where a small number of species contribute disproportionately to total density, reflects moderate diversity with dominance structure typical of an intensively managed agro-ecosystem. Such patterns are often associated with repeated disturbance, irrigation, and nutrient availability that favor fast-growing annuals.   
Life-form analysis revealed a marked dominance of therophytes (85.2%), followed by hemicryptophtes (11.1%) and geophytes (3.7%).The prevalence of therophytes reflects adaptation to seasonal rainfall patterns and recurrent anthropogenic disturbance, which flavor annual species capable of completing their life cycles rapidly. In irrigated sorghum systems, therophytic weeds are commonly reported as dominant due to continuous soil disturbance and nutrient enrichment (Sahoo et al., 2024). Similar biological spectra have been documented in sub-Saharan Africa, where annual weeds constitute the major component of agro-ecosystem flora (Mwangi and Swennen, 2024).
Ecologically, the observed floristic composition suggests a weed community structured primarily by disturbance intensity, irrigation frequency, and crop rotation practices. Recent studies indicate that conservation agriculture and improved weed management strategies significantly influence weed community composition and functional diversity (Motmainna et al., 2025). Moreover, understanding the critical period of weed-crop competition is essential for sustainable management in irrigated systems (Hakeem et al., 2025).
[bookmark: _GoBack]In the Sudanese context, limited recent floristic surveys emphasize the importance of updating weed inventories under changing climatic and agronomic conditions (Hamad et al., 2025). Therefore, the present findings contribute valuable baseline data for biodiversity monitoring and irrigated weed management planning in irrigated agro-ecosystems.      
6. Conclusion
The present study revealed a moderately diverse owed flora comprising 27 species distributed among 12 families in the sorghum irrigated agro-ecosysyem. The dominance of Fabaceae (22.2%) and Poaceae (18.5%) followed by Asteraceae and Malvaceae reflect adaptive strategies that favor survival under irrigated and intensively managed conditions. The predominance of dicotyledonous species (74.1%) over monocotyledons (25.9%) indicates the ecological success of broad-leaved weeds in disturbed agricultural habitat. Corchorus fascicularis was the most dominant weed species (25.33%), followed by Hibiscus panduriformis (10.19%) , Echinochloa colona (10.12%), and Cynodon dactylon (9.56%). The high frequency and density values of these species indicate their strong competitive ability and adaptation to irrigated and distributed agro-ecosystem. Life –form analysis demonstrated a clear dominance of theophytes (85.2%), confirming that annual species are highly adapted to seasonal cultivation cycles, frequent soil disturbance, and irrigation practices. This biological spectrum is characteristic of tropical agroecosystem and aligns with recent Africa studies reporting similar pattern in irrigated cereal systems.
Overall, the findings highlight that weed community structure in irrigate d sorghum is strongly shaped by anthropogenic disturbance, moisture availability, and crop management practices. The documented floristic composition provides essential baseline data for biodiversity assessment and F Hiv  orts the development of sustainable and integrated weed management strategies in irrigated agricultural systems , particularly within Sudan and comparable agro-ecological zones .      
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