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Abstract: Aquatic weeds have various problems in water bodies, irrigation and drainage systems around the world. Sudan have 

been greatly affected by aquatic weeds in many irrigated schemes such as Gezira scheme. The objective of this study was to 

evaluate the distribution and mapping of aquatic weeds in some minor canals in the Gezira Scheme in 2018. The study area 

covered six minor canals at Centre Group at Gezira Scheme; namely: Barakat I, Barakat II, Barakat III, El sonni, El ibrahim and 

Haj elnour which were divided into 18 sampling sites (3 sections for every canal). The distribution (percentage of frequency) of 

aquatic weeds of each site was determined. Geographical distribution of aquatic species was determined using the geographical 

positioning system (GPS). Data were subjected to descriptive analysis and to analysis of variance (ANOVA). The results showed 

that considerable differences in distribution of aquatic weeds throughout the year with different frequency as follows; floating 
weeds (50% - 61%), emergent weeds (18% - 24%), submergent weeds (0% - 13%) and bank aquatic weeds (61% - 67%).The most 

dominant species were Vossia cuspidata and Cynodon dactylon (100%) in both summer and winter seasons. Also, the results 

showed that the percentages of frequency of most aquatic weed species in the six minor canals were higher in the winter season 

than summer season, in addition to differences in the geographical distribution of aquatic species throughout the year. All these 

findings give many insights about the problems of aquatic weeds in minor canals and would be useful in the management of 

aquatic weed species. 
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1. INTRODUCTION 

   In the early 21st century, scientists recognize the 

fundamental importance of plants that grow in and around 

the water to the structure, functioning and service provision 

of aquatic ecosystems [1]. Aquatic plants are usually 

occurring along the shores of water bodies like lakes, dams, 

ditches, canals and along rivers and river mouths [2] and 

play an important role in preservation of solar energy into 

chemical energy and in the development of aquatic fauna and 

for a continuous supplement of oxygen to water during 
photosynthesis. If aquatic plants increase in growth and 

become noxious vegetation make the water bodies 

inadequate, these may be called aquatic weeds [3]. Aquatic 

weeds can be broadly defined as unwanted and undesirable 

plants that vegetate and propagate in an aquatic environment 

[4]. All aquatic weeds contribute to reduce the efficiency of 

waterways. Their appearance decreases water velocity and 

subsequently the conveyance capacity of the canals [5]. 

Dense macrophyte stands can increase the flood risk by 

impeding river flow [6]. In lakes and irrigation headworks 

high evaporation rates of water are also a concern [5]. 
Aquatic vegetation growth can lead to water being lost from 

the reservoirs or channels through increased 

evapotranspiration and exacerbated seepage [7]. Aquatic 

weeds found in the intake channels may raise water levels 

resulting in additional seepage and spillage from the 

aqueducts [8]. In addition to many other serious global 

problems for agriculture, aquaculture, natural areas, people 

and economic security [9]. 

   The three most notorious aquatic weeds; Eichhornia 

crassipes (water hyacinth), Pistia stratiotes (water lettuce) 

and Salvinia molesta (giant salvinia) which cause many 

problems in all countries around the world and nearly 

affecting all uses of water bodies such as for aquaculture, 

commercial and subsistence fishing, drinking and domestic 

consumption, hydropower generation, irrigation canals, 

navigation and recreation [10]. Water hyacinth is considered 

as the world's worst aquatic weed and listed as one of the top 
ten world's worst weeds [9].   

   In Sudan, aquatic weeds are considered as a major problem 

in irrigated schemes such as Gezira scheme, New halfa, El 

Suki, Gash Delta and El Rahad Schemes. The Gezira 

Scheme was established in 1925 and comprises more than 

89000 km of canals [11]. The scheme occupies the area 

between the Blue Nile and White Nile south of Khartoum, 

between latitudes 13˚ 30 N and 15˚ 30 N, and longitudes 32˚ 

15 E and 33˚ 45 E [12]. The presence of aquatic weeds was 

reported in the Gezira canals in 1929, only four years after 

the irrigation system started to operate. The infestation 
progressively increased, and constitute a major confusion to 

the irrigation system. The problem is particularly acute in the 

minor canals, Abu XXs and drains [5]. The problem of 

aquatic weeds in minor canals is particularly serious because 

of their design, construction, nutrient rich sediments and low 

rate flow [13]. Studies of the distribution and mapping of 

aquatic weeds are useful for practicing good management. 

Information about the current status of the aquatic weeds in 
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the minor canals in Gezira Scheme is scarce. So, this study 

was carried to evaluate the distribution and mapping of 

aquatic weeds in six minor canals in Center Group at Gezira 

Scheme, Sudan (2018). 

2. MATERIALS AND METHODS 

2.1. Study area 

   The study was carried out at the Centre Group at Gezira 

Scheme. The study area lies between latitudes 14° 15 N and 

14° 20 N, and longitudes 33° 20 E and 33° 30 E. The climate 

of the region is semi-desert with a mean annual precipitation 

of 100-250 mm/year, with the rainy season from June to 

October and the dry season from March to June. The mean 

annual evapotranspiration is 2400 mm/year. The mean 

annual minimum and maximum temperatures are 12 °C in 

January and 42°C in May, respectively. The soil of the area 

is characterized by heavy soil (clay 60%), with pH 8-8.5, 
low organic matter and nitrogen, adequate potassium and 

low available phosphorous [14]. 

2.2. The experiment 

   Six minor canals at Centre Group at Gezira Scheme were 

selected randomly for the purpose of the study. The selected 

minor canals were Barakat I, Barakat II, Barakat III, El 

sonni, El ebrahimi and Haj elnour. Each minor canal was 

divided into three sections; head, middle and tail. So, the 

study area consists of 18 sites (6 minor canals x 3 sections). 

Distribution (Frequency) of aquatic weeds of each site was 

determined and also, location maps of distribution were 
located. The study was conducted during winter (January, 

February and March) and summer (August, September and 

October) seasons 2018. The sites were visited once in every 

month for a period of three months in each season. 

2.3.  Distribution of aquatic weeds 

   Information of distribution was obtained by visual 

observation. This method was recommended by several 

researches [15]. The distribution of aquatic weeds was 

determined by calculation of percentage of frequency in the 

heads, middles and tails of minor canals as follows: 

2.4. Frequency of aquatic weeds 

     
  

 
     

Where: 

F (%) = Frequency of aquatic weeds 
X = Number of canals that consisted of aquatic weeds 

Y = Total number of canals 

2.5. Geographical distribution 

  Geographical distribution of aquatic species and locations 

of all minor canals under the study was determined with their 

Geographical Positioning System (GPS). Longitudes and 
latitudes of the study area were presented in maps, in 

addition to the distribution of all groups of aquatic weeds 

(Map 1 – 4). 

2.6. Statistical analysis 

   Data were subjected to descriptive analysis and to analysis 

of variance (ANOVA) at P  0.5. Significant means were 
separated using Duncan's Multiple Range Test (DMRT). 

Microsoft Excel, Statistics 8 and MSTATC were used to 

analyze the data. 

3. RESULTS AND DISCUSSIONS 

3.1. Distribution of aquatic weeds 

   The percentage frequency of floating weeds showed that 

Vossia cuspidata (Roxb) Griff. was the most frequent 
species in both summer and winter seasons with the 

percentage frequency of (100%) in all canals under the study 

(Table 1). The next most frequent species was Ipomoea 

aquatica Forsk. with an overall percentage of occurrence 

(67%) during both summer and winter seasons, followed by 

Azolla sp. (Lam.) (60%), Ludwigia palustris (L.) (53%) and 

Pistia stratiotes (L.) that gave the lowest percentage of 

frequency (27%) in the winter season. In summer season, 

Ludwigia palustris was present with the percentage 

frequency of (44%) followed by Pistia stratiotes with the 

percentage frequency of (22%) and Echinochloa stagnina 

with the percentage frequency of (17%). However, Azolla sp. 
was completely absent. 

   Frequency of emergent weeds indicated that Cyperus 

alopecuroides Rottb. was more frequent than Typha latifolia 

Roxb. and Polygonum glabrum L (Table 2). It gave (40%) in 

the winter season and (39%) in summer season. While, the 

percentage of Polygonum glabrum increased in summer 

season (28%) than the winter season (7%), and Typha 

latifolia gave only (7%) in the winter season and (6%) in 

summer season.  Submergent weeds consist of one species 

Najas pectinata (Parl.) found only in one minor canal 

(Barakat II) during winter season with the percentage of 
frequency (11%) (Table 3).  

   The bank aquatic weeds Cynodon dactylon (L.) Pers. gave 

high frequency of occurrence with an overall percentage of 

(100%) during both winter and summer seasons, followed by 

Ipomoea hildebrandtii L. which bear (33%) in winter season 

and (22%) in summer season (Table 4). 

 

Table 1. Frequency of floating weeds in six minor canals in Centre Group at Gezira Scheme, Sudan in winter and summer seasons, 

2018 

Species 
(%) Frequency  

Mean ± SD 
Head  Middle Tail 

Winter season     
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Azolla sp. 60 60 60 60 ab  ±0.00 

Ipomoea aquatica 80 60 60 67 ab  ±11.6 

Ludwigia palustris 60 80 20 53 b   ± 30.6         

Pistia stratiotes 40 20 20 27 b   ±11.6 

Vossia cuspidata 100 100 100 100 a  ±0.00 

Total 340 320 260 920 
Mean 68 64 52 61   

SE±    8.4 

CV%    23.8 

Summer season     

Echinochloa stagnina 16.7 16.7 16.7 16.7  c   ±0.00 

Ipomoea aquatica 100 66.7 33.3 66.7 ab  ±33.3 

Ludwigia palustris 50 50 33.3 44.4 bc  ±9.6 

Pistia stratiotes 33.3 16.7 16.7 22.2 c    ±9.6 

Vossia cuspidata 100 100 100 100 a     ±0.00 

Total 300 250 200 750 

Mean 60 50 40 50 

SE±    8.2 

CV%    28.2 

* Means followed by the same letter(s) are not significantly different (P ≤ 0.05) accordingly Duncan’s Multiple Range Test. 

Table 2. Frequency of emergent weeds in six minor canals in Centre Group at Gezira Scheme, Sudan in winter and summer 

seasons, 2018 

Species 
(%) Frequency  

Mean ± SD 
Head Middle Tail 

Winter season     

Cyperus alopecuroides 20 40 60 40 a  ±20.0 

Polygonum glabrum 0.0 0.0 20 7 b  ±11.6 

Typha latifolia 0.0 0.0 20 7 b  ±11.6 

Total 20 40 100 160 

Mean 6.67 13.3 33.3 18 

SE±    3.8 

CV%    37.5 

    Summer season 

38.9 a ± 9.6 33.3 33.3 50 Cyperus alopecuroides 

27.8 a  ± 9.6 33.3 33.3 16.7 Polygonum glabrum 

5.33 a  ± 0.00 16. 7 0.0 0.0 Typha latifolia 

217 83 67 67 Total 

24 28 22 22 Mean 

6.3    SE± 

45.8    CV% 

* Means followed by the same letter(s) are not significantly different (P ≤ 0.05) accordingly Duncan’s Multiple Range Test.     
Table 3. Frequency of submergent weeds in six minor canals in Centre Group at Gezira Scheme, Sudan in winter, 2018  

Mean ± SD 
Frequency (%) Species 

Tail Middle Head 

11 ± 9.6 16.7 16.7 0 Najas pectinata 
11 16.7 16.7 0 Total 

11 16.7 16.7 0 Mean 

 

Table 4. Frequency of bank aquatic weeds in six minor canals in Centre Group at Gezira Scheme, Sudan in winter and summer, 
2018 

Mean ± SD Frequency (%) Species 

Tail Middle Head 

    Winter season 

100 a ± 0.00 100 100 100 Cynodon dactylon 
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33 b ± 11.6 40 40 20 Ipomoea hildebrandtii 
400 140 140 120 Total 

67 70 70 60 Mean 

6.7    SE± 

12.3    CV% 

    Summer season 

100 a ± 1.0 100 100 100 Cynodon dactylon 
22 b ± 19.2 33.3 0 33.3 Ipomoea hildebrandtii 

366 133 100 133 Total 

61 67 50 67 Mean 

7.8    SE± 

22.3    CV% 

* Means followed by the same letter(s) are not significantly different (P ≤ 0.05) accordingly Duncan’s Multiple Range Test.

  Bank aquatic weeds also included many species prevailing 

in different percentages of frequency, such as Xanthium 

stramarium, Ischaemum afrum, and Indigofeora hochsteteri.  

   Generally, the frequency of floating weeds was higher in 

winter season (61%) than summer season (50%) (Table 1). 

Also, bank aquatic weeds reached a high percentage of 

occurrence in winter season (67%) compare with the summer 
season (61%) (Table 4). Submergent weeds disappeared in 

summer season. While, emergent weeds increased in 

summer season (24%) than the winter season (18%) (Table 

2). The result showed that the percentages of frequency of 

most aquatic weed species in the six minor canals were 

higher in the winter season than summer season (Table 1 – 

4). 

3.2. Geographical distribution 

   The location maps of distribution of all groups of aquatic 

weeds were presented in (Map 1-4) as follows; distribution 

of floating weeds (Azolla sp., Ipomoea aquatica, Ludwigia 
palustris, Pistia stratiotes, Vossia cuspidata and 

Echinochloa stagnina) (Map. 1), distribution of emergent 

weeds (Cyprus alpecuroides, Polygonum glabrum and Typha 

latifolia) (Map. 2), distribution of submergent weeds (Najas 

pectinata) (Map. 3) and distribution of bank weeds 

(Cynodon dactylon and Ipomoea hildebrandtii) (Map. 4). 

   Reference [16] pointed that the frequency not only shows 

the importance of species, but also the evenness of spatial 

distribution in the community. In this study, the percentage 

frequency of aquatic weeds showed that Vossia cuspidata 

and Cynodon dactylon was the highest percentage of 
frequency. While, the species Typha latifolia and Najas 

pectinata were the minimum percentage of frequency. The 

results indicated that the frequency is essential to know the 

distribution and importance of species in the community.  

    The frequency of floating and bank aquatic weeds were 

the highest among other groups of aquatic weeds. This is 

probably due to the modification of the bottom of canals due 

to siltation and sometimes accumulations of submersed 

weeds, thus creating a suitable habitat for a species such as 
Vossia cuspidata, Cynodon dactylon, and Ipomoea aquatica. 

In addition to some bank aquatic weed species such as 

Ischaemum afrum and Xanthium stramarium were the 

commonest in the banks of canals. Most of the canals were 

free of submerged weeds, possibly because of their 

hydrological characteristics of minor canals such as the 

depth with fast current and also mechanical clearance. This 

also reported by [17, 18]. 

   The results showed that the percentage frequency of most 

aquatic species in the canals was higher in the winter season 

than summer season. This also reported previously by [17] 
and was attributed mainly to the turbidity of the water in 

summer season compared with the clearest water in winter 

season. 

CONCLUSION 

   The study showed that the community structure of aquatic 

weeds in minor canals of Gezira scheme consist of different 

groups of aquatic weeds with many differences in the 

vegetation and geographical distribution throughout the year, 

this may be attributed to many factors such as turbidity and 

hydrological characteristics of minor canals which may 

affect the growth and distribution of aquatic species during 
summer and winter season. 
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Map 1. Geographical distribution of floating weeds (Azolla sp. – Ipomoea aquatica - Ludwigia palustris -  

Pistia stratiotes -  Vossia cuspidata – Echinochloa stagnina).  
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Map 2. Geographical distribution of emergent weeds (Cyprus alpecuroides – Polygonum glabrum). 
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Map 3. Geographical distribution of submergent weeds (Najas pectinata). 
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Map 4. Geographical distribution of bank weeds (Cynodon dactylon –Ipomoea hildebrandtii). 
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