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g:;:trm ngniginﬂourize': Abstract: A twelve (12) week investigation was performed in the
Fathurrahman Lananan. Lower River Benue (Ibi axis), to determine the diversity, abundance
Roslizawati Ab Lahand Nur ~ and distribution; nutrient values of some aquatic weed species; three
Asniza Aziz (2024). Agriculture (3) sections of the river were sampled amongst human activities. A
Reports, 3(1): 29-45. total of thirty-five (35) individual aquatic weeds were recorded, nine
Received: 22 January 2024 (9) rooted individual species, ten (10) emergent individual species,
Qﬁ;ﬁgﬁi‘:’?&m‘e?%; ten (10) free floating individual species and six (6) individual
eISSN Number: 20434138 Submerged species were identified amongst stations. They comprise
of fifteen (15) families and fifteen (15) orders; the highest harvested
individual species was L. minor (1627) while the least individual
species was M. pigra (917); a total of 41447 species of aquatic weed
This is open access article V€T recorded. IAnaIysis_of variaqce (ANOVA) showed signif@cant
published by Multidisciplinary ~ difference in various physico-chemical parameters between stations.
Sciences Publisher: All rights  Pearson correlation was used to determine the relationship between
reserved. _Licensed under 2 - yhe gquatic chemical property of the ecosystem, aquatic weed
species abundance and diversity at (P<0.05) significant level. The
abundance, biodversity highest temperature values (27.87+1.00°C) were relcordeq in station
aquatic weeds, nutrient A while the least (27.33+0.75°C) were recorded in station B; the
values and ecosystem. highest dissolve oxygen (4.77+£0.23mg/l) were recorded in station A
while the least (4.40+0.46mg/l) were recorded in station C; the
highest pH value (8.37+0.31) were recorded in station B while the
least (8.00+0.46) were recorded in station A; the highest total
dissolved solid (0.28+0.20) were recorded in station B while the least
(0.27+0.05) were recorded in station A. The proximate analysis of the
samples was very promising for man and livestock consumption; it
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showed that P. stratiotes is the richest in crude protein content (17%)
and carbohydrate content (13%) and least in fat and moisture
contents, (8%) and (2%) respectively. Hence, P. stratiotes is highly
recommended for animal (fish and livestock) feed formulation
inclusion of its (16.63%) approximately (17%) crude protein with
crude fiber (36%) and (13%) carbohydrate contents.

INTRODUCTION

Aquatic weeds are those persistent weeds which develop and complete their lifecycle in
water and cause harm to aquatic ecosystem directly and relate to ecological factors in the
environment. Water is one of the most essential natural resources and in fact, aids the basis of all
life forms on the earth (Krake and Lancar, 2002). Aquatic weeds are different greatly in kind, with
some similarity to common terrestrial weeds while others are quite different. They fall into one of
the four (4) common class types: algae, floating weeds, submerged weeds and emerged weeds
(Lichtenstein, 2010). They constitute a significant component of the aquatic environment and they
are of considerable ecological and economic essence: the numerous roles of aquatic weeds in
freshwater ecosystems are closely linked to their distributions, which in turn depends on countless
factors: light, water temperature, water quality, nutrient enrichment, sediment composition,
fluctuations in water levels, etc. (Naseer et al., 2014; Dienye, 2015). Aquatic plants are an essential
part of the aquatic food web of aquatic ecosystems as they play a crucial role in aquatic ecosystems
worldwide because they provide food and home for fish, wildlife and aquatic flora and faunas
(Gross, 2003).

In Nigeria, aquatic weeds infestations in inland aquatic ecosystems are increasing in
population. They stressed that the spread is enhanced by human activities like the use of agro-
fertilizers and organic wastes in farming and dumping of domestic remains in aquatic ecosystems
and drainage canals (Uka et al., 2007). Aquatic weeds are observed to respond to the concentration
level of nutrients in municipal and industrial wastewater for their fast growth (Baret and Farno, 1982;
Jimin et al., 2023). Most aquatic weeds have good potentials as animal feed for livestock
production; such as Azolla spp and Lemna spp and water hyacinth which seems to be very nutritive
in their made ups, since the protein content is higher than some feed ingredients used in fish feed
formulation. Fish species may not accept them directly as in Lemna paucicostata or Azzolla species
but the leaves and petioles can be incorporated into animal feed to provide all the proteins, crude
fat and minerals required daily at very low cost. Harvesting of useful aquatic weeds for feed
production could aid their removal from aquatic ecosystems where they hinder boat movement or
cause nuisance. The petioles and leaves of these aquatic weeds could be used as one of the non-
conventional feed ingredients (Boyd, 1974; Yusuf et al., 2013).

MATERIALS AND METHODS

Study Area

The research was carried out in the Lower River Benue, Ibi axis, Taraba State,
Northeastern Nigeria. Ibi is located at latitude 8°38'00” North and longitude 10°46'00” East. The
vegetative area is mainly comprised of secondary forest, forbs re-growth and swamp. There are
two seasons, April to October is raining (wet) season, while November to March is sunny (dry)
season. The annual rainfall ranges from 130 cm to 266.30 cm/annum with temperature between
32°C and 36°C. The area has a population over 244,749 with a scattered settlement of many small
to large village settlements throughout the area and is mainly drained by the Tela River (into the
Atlantic Ocean) in Gassol Local Government. The majority of the people are agricultural farmers
and fisher folks.

30



Igbani Flourizel et al. Agriculture Reports 3(1): 29-45

Experimental Procedure
Sample Location
The research was considered with three (3) sampled locations in the Lower River Benue
as shown in Figure 1. The locations were: Locations (A-Gugu-audulahi, B-Baruwana and C-
Basini). The stations were sampled for aquatic weeds individually, two (2) times a week (Mondays
and Saturdays) using sharp knife and jute bag. The study was carried out from August to
November, 2022 (12weeks) during the late raining season.
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Figure 1. Map of Taraba State showing sampled stations in the Lower River Benue, Ibi Axis.

Aquatic Weeds Harvest and Taxonomy

Aquatic weed species were harvested and identified with the aid of botanical keys (Wood,
1975; Journey, 1993; Pasha, 1996; Kevin and Lancar, 2002; George and Miller, 2005; Akobundu
and Agyakwa, 1987).

Determination of Aquatic Weed Species Diversity

Aquatic weed species diversity was calculated with the formula, thus:

P (06 = S x 100
si == X—
YT 1

Here:
F = family or number of species families,
si = individual number of weed species family (Igbani and Uka, 2019).

Determination of Aquatic Weed Species Abundance
The aquatic weed species abundant relationship was determined with the scoring method
(Bongers et al., 1998; Kayode, 1999) thus:
Less than 5 individual species for: Rare (R),
5-10 individual species for: Occasional (O),
11-30 individual species for: Frequent (F),
31-100 individual species for: Abundant (A);
Above 100 individual species for: Very Abundant (VA).
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Determination of Nutrient Values (proximate composition) Aquatic Weed Species
The proximate composition analysis was determined in the Department of Soil Science Dry
Laboratory, Federal University Wukari according to AOAC (1990) (Van Soest et al., 1991).

Determination of Physiochemical Parameters

The following parameters (Water Temperature, Dissolved Oxygen, Electrical Conductivity,
Total Dissolved Solid and Power of Hydrogen were measured in-situ using the American Public
Health Association standard methods for water and waste water examination (APHA. 2005).

Data Analysis

Data obtained was subjected to One-way Analysis of Variance (ANOVA, P=0.05) in
Randomized Completely Block Design (RCBD). Significant difference and means values were
determined using Duncan Multiple Range Test, “SAS 2010” package (Duncan, 1955). Data was
also correlated (at 0.01 level, 2-tailed) to analyze the species nutrient values composition with
species relative abundance and diversity.

RESULTS

A total number of thirty-five (35) individual species of aquatic weeds were identified; nine
(9) rooted aquatic species, individual ten (10) free floating individual species, ten (10) emergent
individual species and six (6) submerged individual species Figure 2, 3, 4, 5 and 6. They comprised
of fifteen (15) families and fifteen (15) orders; the highest specie harvested was L. minor (1,627)
individual species and the least was M. pigra (917) individual species. In Table 1, it showed aquatic
weed species abundance scores in the Lower River Benue, all the aquatic weed species show very
abundant (VA) scores in the ecosystem; L. minor recorded the highest abundant scores (1627)
while M. pigra recorded the least abundant scores (917).

The aquatic weed species family variation showed a total number of 35 aquatic weed
individuals belonging to 15 families and 15 orders. The species variation amongst the families found
in the aquatic ecosystem during the study were recorded as follows: Poaceae (28.57%); Araceae,
Fabaceae and Cyperaceae (8.57%); Pontederiaceae, Salviniaceae, Convolvulaceae and
Nymphaeaceae (5.71%); Onagraceae, Polygonaceae, Potamogetonaceae, Typhaceae,
Sphenocleaceae, Marantaceae, Ceratophyllaceae and Pteridaceae (2.86%). There is no significant
difference in aquatic weed species diversity amongst stations while there is significant difference
in aquatic weed species relative abundance amongst stations; stations A and B; stations B and C
showed positive correlation of aquatic weed species within stations while stations A and C showed
negative correlation of aquatic weed species within stations.

The results of the average values of physico-chemical characteristics as recorded in Table
2. the pH mean values ranges from (8.37+0.31 to 8.00+0.462), the highest values (8.37+0.312)
were recorded in station B while the least values (8.00+0.462) were recorded in station A; the mean
values of water temperature ranges from (27.33+0.752 to 27.47+1.008), the highest values
(27.87+1.002) were recorded in station A while the least (27.33+0.752) were recorded in station B;
the mean values of dissolved oxygen (DO) ranges from (4.77+0.232 to 4.73+0.062), the highest
values (4.77+0.232) were recorded in station A while the least values (4.40+0.462) were recorded
in station C; the mean values of electrical conductivity (EC) ranges from (0.49+0.262 to 0.39+0.052),
the highest values (0.42+0.262) were recorded in station C while the least values (0.39+0.052) were
recorded in station A; the mean values of total dissolved solid (TDS) ranges from (0.28+0.022 to
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0.27+0.062), the highest values (0.28+0.202) were recorded in station B while the least values

(0.27£0.062) were recorded in station A.

0

Figure 2. Submerged Weed Species (a) Water lilly, Nymphea lotus (Allen, 2018), Local Name
(Hausa): Bado (b) Water lilly, Nymphea micrantha (Guill and Perr, 2012), Local Name (Hausa): Tafi
(c) Pond weed, Potamogeton octandrus (Ito, 2013), Local Name (Hausa): Beruwa (d) Horn wort,
Ceratophyllum demersum (Linnaeus, 1775), Local Name (Hausa): Nakanruwa (e) Foxtail sedge,
Cyperus alopecuroides (Lansdown et al., 2018), Local Name (Hausa): Aya-aya (f) Jungle rice,
Echinochloa colona (NRCS. 2013), Local Name (Hausa): Burugu; Rooted Weed Species ()
Water mimosa, Neptunia oleracea (Parker, 2018), Local Name (Hausa): Gadasin-ruwa (h) Wild

rice, Oryza longistaminata (Phillips et al., 2017), Local Name (Hausa): Shinkara-daji
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Figure 3. Rooted Weed Species (a) Water lettuce, Burnatia enneandra (Haynes et al., 1998),
Local Name (Hausa): Haki (b) Water sprite, Ceratopteris cornuta (Barthelat, 2019), Local Name
(Hausa): Hakimi (c) Wild sorghum, Sorghum arundihaceum (Desv and Stapf 2021), Local Name
(Hausa): Dawa-dorina (d) Swamp rice grass, Leersia hexandra (Pyrah, 2013), Local Name
(Hausa): Shinkafa-fadama (e) Giant sensitive tree, Mimosa pigra (Lonsdale et al., 1995), Local
Name (Hausa): Kariji (f) Hippo grass, Echinochloa stagnina (Moran et al., 2016), Local Name
(Hausa): Burugu (g) Tropical reed, Phragmites karka (Kiviat, 2013), Local Name (Hausa): Esun;
Free Floating Weed Species (h) Water lettuce, Pistia stratiotes (Buzgo, 1994), Local Name
(Hausa): Kainwawa
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Figure 4. Free Floating Weed Species (a) Feathered mosquito fern, Azolla pinnata (Watanabe
and Berja, 1983), Local Name (Hausa): Mairike-ruwa (b) Ginger-leaf morning-glory, lpomoea
asarifolia (NRCS, 2015), Local Name (Hausa): Riga-yara (c) Water moss, Salvinia nymphelulla
(NRCS, 2015), Local Name (Hausa): Tarfo (d) Mud plantain, Heteranthera callifolia (Moran et al.,
2016), Local Name (Hausa): Kargonruwa (e) Cupscale grass, Sacciolepis indica (Simon, 1972),
Local Name (Hausa): Geron-fadama (f) Hippo grass, Vossia cupidata (Wallich and Griffith, 1836),
Lacal Name (Hausa): Burugu-mai-kaya (g) Water spinach, [pomoea aquatica (Gupta and Sayer,

2018), Local Name (Hausa): Riga-yara (h) Duck weed, Lemna minor (Lansdown, 2019), Local
Name (Hausa): Sa-ruwa sanya
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Figure 5. Free Floating Weed Species (a) Water hyacinth, Eichhornia natans (Pellegrini et al.,
2018), Local Name (Hausa): Mahuch; Emergent weed Species (b) Giant sedge, Cyperus
exaltatus (Balkrishna, 2018), Local Name (Hausa): Aya (c) Antelope grass, Echinochloa
pyramidalis (Diop and Lansdown, 2020), Local Name (Hausa): Buru (d) Yerba De Jicotea, Ludwigia
erecta (Wagner et al., 2007), Local Name (Hausa): Shajaya (e) Burhead Sedge, Scirpus cubensis
(Bianchini and Antonio, 2003), Local Name (Hausa): Karejiwa-rua (f) Arrow root, Maranta
arundinacea (Heuzé and Tran, 2017), Local Name (Hausa): Mai-ranaku (g) Mende foni, Rhytachne
triaristata (Clayton, 1978), Local Name (Hausa): Iwa (h) Gooseweed, Sphenoclea zeylanica
(Catindig et al., 2017), Local Name (Hausa): Buduwan-safe
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Figure 6. Emergent weed Species (a) Bulrush, Typha australis (Clegg, 1986), Local Name
(Hausa): Kurnuwa (b) Knotweed, Polygonum lanigerum (Nogueira et al., 2006), Local Name
(Hausa): Numen n’ruwa (c) Cover grass, Leptochloa coerulescens (Peterson et al., 2012), Local
Name (Hausa): Gyasua
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Table 1. Aquatic weed species abundance and diversity in the Lower River Benue

Species Family Order Stations SC A D (%)
A B
1 Echinochloa colona Poaceae Fabales 319 357 312 988 VA 28.57
2 Echinochloa stegnila 461 363 97
Poaceae Poales 1129 VA 28.57
3 Echinochloa pyramidalis 346 242 439
Poaceae Cyperales 1027 VA 28.57
4 Learsia hexandra Poaceae Poales 422 381 397 1200 VA 28.57
5  Leptochloa coerulescens 466 454 304 28.57
Poaceae Poales 1224 VA
6  Oryza longiostaninata 426 262 464
Poaceae Cyperales 1152 VA 28.57
7 Phragmites karka Poaceae Poales 338 325 388 1051 VA 28.57
8  Sorghum arundinaceum 565 348 405
Poaceae Poales 1318 VA 28.57
9  Sacciolepis indica Poaceae Poales 432 320 356 1108 VA 28.57
10  Vossia cuspidata Poaceae Poales 593 336 318 1247 VA 28.57
11 Polyganum lanigerum 486 494 396
Polygonaceae Carysphyllales 1376 VA 28.57
12 Eichhornia natans Pontederiaceae Commelinales 516 395 339 1250 VA 2.86
13 Heteranthera collifolia 411 384 395
Pontederiaceae Commelinales 1190 VA 2.86
14 Potamogenton octandrus 376 360 329
Potamogetonaceae Alismatales 1065 VA 5.71
15 Salvinia nymphelulla 351 424 429
Salviniaceae Polypodiopsida 1204 VA 571
16 Sphenochlea zeylanica 344 361 406
Sphenocleaceae Solanales 1111 VA 2.86
17 Ludwigia eracta Onagraceae Myrtales 519 377 310 1206 VA 5.71
18  Maranta arundinacea 421 328 446
Marantaceae Zingiberales 1195 VA 5.71
19 Typha australis Typhaceae Poales 363 451 464 1278 VA 2.86
20  Ceraptoteris cornuta 411 373 458
Pteridaceae Alismatales 1242 VA 8.57
21 Burnatia enneandra Araceae Alismatales 524 446 400 1370 VA 8.57
22 Pistia stratiotes Araceae Arales 517 438 429 1384 VA 8.57
23 Azolla pinnata Salviniaceae Salviniales 411 366 402 1179 VA 2.86
24 Ceratophyllum 536 295 268
demersum Ceratophyllaceae Ceratophyllales 1099 VA 2.86
25 Ipomoea asarifolia Convolvulaceae Solanales 396 350 232 978 VA 5.71
26 Ipomoea aquatica Convolvulaceae Solanales 459 408 434 1301 VA 5.71
27  Cyperus alopecuroides 393 414 485
Cyperaceae Poales 1292 VA 8.57
28  Cyperus hexaltatus Cyperaceae Poales 386 357 472 1215 VA 8.57
29  Scirpus cubensis Cyperaceae Poales 432 293 383 1108 VA 8.57
30  Neptunia oleracea Fabaceae Fabales 389 386 417 1192 VA 2.86
31 Rhytachne triaristata 339 3N 295
Fabaceae Fabales 945 VA 2.86
32 Mimosa pigra Fabaceae Poales 362 217 278 917 VA 5.71
33 Lem na minor Araceae Alismatales 629 546 452 1627 VA 5.71
34  Nymphea micrantha Nymphaeaceae Nymphaeales 282 319 361 962 VA 571
35  Nymphea lotus Nymphaeaceae Nymphaeale 427 390 508 1325 VA 5.71
15048 12931 13468
Total Abundance 41447
Total Number of Species 35 35 35
Total Number of Individual Species 15048 12931 13468
Margalef Species Richness Index 3.53 3.59 3.58

S.C = number of species cropped, A= abundance scores, D= percentage diversity (%)
<& = Rare for (R), 5-1 = Occasional for (O), 11-30 = Frequent for (F), 31-100 Abundant for (A); >100 =

Very Abundant for (VA), (Kayode, 1999).
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Table 2. Physico-chemical characteristics (within stations) and proximate composition of aquatic weed
species in the lower river benue

Parameters Stations World bank range for
A B C freshwater aquaculture
pH 8.00 £ 0.462 8.37 £0.312 820+ 0442  6.5-9.0 Desirable range for fish
Prodn (Ronald et al., 1999).
DO (MglL) 477+0.23 473 +0.062 440+0462  >5.0-6.0 Mg/L (Ronald et al.,
1999).
TDS (Mg/L) 0.27 + 0.062 0.28 +0.022 0.27+£0.100 <1500 Mg/L (Nayla, 2019).
Temp (°C) 27.87 £1.002 27.33+£0.752  27.43+0.402 29°C - 30°C for Optimal Growth
(Ronald et al., 1999).
EC (uScm) 0.39 +£0.052 0.39 +£0.202 042+0.262  0.005-0.05 S/m (Nayla, 2019)
* Sample Description
Ludwigia Pistia Phragmaties Nymphia lotus Maranta
decurrens stratiotes karka arundinacea
Moisture (%) 6.13+0.40 222+0.25 3.84 +£0.32 244 +0.30 3.10+0.31
Ash (%) 4.08+0.20 24.26 £1.00 11.48 + 060 31.96 £ 1.21 10.93 £ 0.59
Crude Protein (%) 12.38 £ 0.62 16.63 £ 0.86 15.44 £ 0.86 11.69 £ 0.62 15.38 £ 0.85
Fat (%) 26.00 £ 1.01 8.16 £ 0.51 26.31+£1.01 11.36 £ 0.59 22.22£0.95
Crude Fibre (%) 4870£135 3560121 35.93 £1.23 39.59 £1.30 35.71+£1.21
Carbohydrate (%) 2.71+0.30 13.13+0.63 7.00£0.49 2.96 +£0.30 12.66 + 0.65

The Mean values within the rows with different superscripts differ significantly, P<0.05. Values are
expressed as mean = S.D.
*Means in each row are significantly different (P< 0.05)

DISCUSSION

A total number of thirty-five (35) individual species of aquatic weeds were identified along the
Lower River Benue, Ibi axis during the period of this research. There is no direct data for comparison
regarding the macrophytes in Ibi axis (Jimin et al., 2014; Obot and Ayeni, 1987). The aquatic weed
species abundance of this river showed richness in its abundant scores and highest in very abundant
(VA) score, in the ecosystem; L. minor recorded the highest abundant score (1627) while M. pigra
recorded the least abundant score (917), the least in abundant score maybe due to the effect of human
activities along the river, it is in agreement with (Ekpo et al., 2016; Akomolafe and Nkwocha, 2017). The
aquatic weed species diversity showed a population of 35 individuals in 15 families with 15 orders, this is
not in consonant with (Dienye, 2015). The aquatic weed species diversity amongst the families recorded
highest in Poaceae (31.43%) while Onagraceae, Polygonaceae, Potamogetonaceae, Typhaceae,
Sphenocleaceae, Ceratophyllaceae and Pteridaceae (2.86%) were recorded the least, it is in consonant
with (Ekpo et al., 2016). The physico-chemical characteristics of the ecosystem varied with location, pH
recorded the highest values (8.37£0.312) in station B while the least values (8.00+0.462) was recorded
in station A; water temperature recorded the highest values (27.87+1.002) in station A while the least
values (27.33+0.752) in station B; DO recorded the highest values (4.77+0.232) in station A while the
least values (4.40+0.462) in station C; EC recorded the highest values (0.42+0.262) in station C while the
least values (0.39+0.052) in station A; TDS recorded the highest values (0.28+0.202) in station B while
the least values (0.27+0.062) in station A, all the physico-chemical parameters are within the World Bank
Range for Freshwater Aquaculture threshold limits (Nayla, 2019; Ronald, 1999). The proximate analysis
of the samples was very promising for man and livestock consumption. The moisture content values
(6.13+0.40%) were highest in L. decurrens while the least values (2.22+0.25%) were recorded in P.
stratiotes; Ash content values (31.96+1.21%) were highest in N. lotus while the least values
(4.08+0.20%) were recorded in L. decurrens; Crude protein content values (16.63+0.86%) were highest
in P. stratiotes while the least values (11.69+0.62%) were recorded in N. lotus; Fat content values
(26.31+1.01%) were highest in P. karka while the least values (48.70+1.35%) were recorded in P.
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stratiotes; Crude fibre content values (26.31+1.01%) were highest in L. decurrens while the least values
(35.50+1.21%) were recorded in P. stratiotes and Carbohydrate content values (13.13£0.63%) were
highest in P. stratiotes while the least (2.96+0.30%) were recorded in L. decurrens. It also showed that
P. stratiotes is the richest in crude protein content (17%) and carbohydrate content (13%) and least in fat
and moisture contents, (8%) and (2%) respectively. P. stratiotes is not as rich as E. crassipes (Okoye et
al., 2008).

Based on the above submission, it may be recommended that more durable investigation should
be carried out, especially covering the whole wet (raining) season on the aquatic weed species
assessment in the study area; it is also necessary that constant monitoring of the river on anthropogenic
activities such as bush burning, river dumping, sand diving, bathing and washing of plates/clothes, illegal
fishing (the use of dynamite and plant extract poisoning should be stopped) to protect the aquatic natural
resources from aging and extinction; it will also be of a great deal to also conserve these aquatic weed
species for biodiversity sustainability for food sovereignty and security to better the health of the
inhabitants amidst evapotranspiration and climate change. The identified aquatic weed species could be
used by students and specialists in the field of Science (Plant Science, Botany, Biochemistry, Biology,
Microbiology, Zoology, Water Science, Hydrology and Chemistry); Agriculture (Crop Science, Crop
Production, Animal Science, Animal Production, Forestry, Fish Nutrition, Animal Nutrition, Fisheries and
Aquaculture); Medicine (Pharmacy, Animal and Human Medicine); Ornamental breeders and the
pharmaceutical industry. Hence, P. stratiotes is highly recommended for animal (fish and livestock) feed
formulation inclusion of its (16.63%) approximately (17%) crude protein with crude fiber (36%) and 13%
carbohydrate contents.

Furthermore, the presence of saponins, phenols, and steroids in these weeds can be explored
for potential medicinal properties in animal and human medicine. The study also highlights the importance
of monitoring water temperature and dissolved oxygen levels in the river to maintain the availability of
safe water quality to flora and fauna. Therefore, it is recommended that farmers and fisher folks in the
area should be aware of these factors and take necessary steps to maintain a healthy aquatic ecosystem
for sustainability.

CONCLUSION

The utilization of aquatic flora as a source of edible protein has received small consideration.
Large stands of vascular plants and non-planktonic algae are produced in many natural and aquatic
ecosystems which frequently interfere with beneficial uses of water to the extent that various control
measures are important. In view of the problems associated with the control of aquatic weeds and the
global need for additional sources of food, to evaluate the nutritional values of aquatic weeds is of great
essence. The said Lower River Benue, at Ibi axis maybe described to be very abundant in macrophytes
considering the aquatic weed species diversity in the ecosystem, regarding the short period of sampling,
in spite of its anthropogenic activities. The research assessed the aquatic weed species that are in
abundance amongst the sampled stations (Gugu-audulahi, Basini and Baruwana); it also aimed to
determine the diversity and the nutrient values of the macrophytes. The results of the present
investigation compared with literatures of other rivers in Nigeria, revealed that there is very abundant
aquatic weed species in the Lower River Benue (Ibi axis), the ecosystem and the activities around the
river has significant effects on the water quality as indicated by the different records of the aquatic
chemical properties. Finally, the research determined the aquatic weed species taxonomy, abundance;
diversity and nutrient values of some selected species due to huge cost of proximate analysis in the
locality.

Acknowledgement: Thank you for all authors to complete this article.
Institutional Review Board Statement: Not applicable
Informed Consent Statement: Not applicable

Conflicts of Interest: Authors declare no conflict of interest

40



Igbani Flourizeet al. Agriculture Reports 3(1): 29-45

References
A.O0.A.C. (1990). Association of Official Analytical Chemists. 15th Edition, Washington D.C.

Ajayi T., Ogunbayo A. (2012). Achieving environmental sustainability in wastewater treatment by
phytoremediation with water hyacinth (Eichhornia crassipes). Journal of Sustainability Develop.
C.C. Education, Ed. 5, 7.

Akobundu 1.0., Agyakwa C.W. (1987). A handbook of West African weeds. International Institute of
Tropical Agriculture (IITA), Ibadan, Nigeria, P 521.

Akomolafe G.F., Nkwocha O.P. (2017). Assessment of the Distribution of Aquatic Macrophytes in Lafia
and Doma Metropolis, Nasarawa State, Nigeria. Journal of Research in Forestry, Wildlife &
Environment, 9(4), 234-245.

Allen D.J. (2018). "Nymphaea lotus". IUCN Red List of Threatened Species. 2018: e.T164281A1038562.

Aloo P., Ojwang W., Omondi R., Njiru J.M., Oyugi D. (2013). A review of the impacts of invasive aquatic
weeds on the biodiversity of some tropical water bodies with special reference to Lake Victoria
(Kenya). Biodiversity Journal, 4(4), 471-482.

APHA. (American public Health Association) (2005). Standard methods for the examination of water and
waste water. 23rd, edition. American public Health Association Inc, New York. 1193pp.

Babayemi O.J., Demeyer D., Fievez V. (2004). Nutritive value and qualitative assessment of secondary
compounds in seeds of eight tropical browse, shrub and pulse legumes. Common Application to
Biological Science, 69, 103-110.

Balkrishna A. (2018). "Cyperus exaltatus". Flora of Morni Hills (Research & Possibilities), Divya Yoga
Mandir Trust, 1-581.

Barrett S.G.T., Farno [.W. (1982). Style morph distribution in world populations of Eichhornia crassipes.
Solms-Lauch (Water hyacinth). Aquatic Botany, 3: 299-306.

Barthelat F. (2019). “Ceratopteris cornuta”. La flore illustrée de Mayotte: Biotope éditions. Pp 1-687.

Bianchini J.I., Antonio R.M. (2003). "Scirpus cubensis". The effect of particle size on the leaching of
Scirpus cubensis Poepp & Kunth. Braz J Biol. 63(2), 195-205. DOI: 10.1590/s1519-
69842003000200004. PMID: 14509841.

Bongers F., Popma J., Meave D.C.J., Carabias J. (1998). Structure and floristic composition of the
lowland rainforest of Los Tuxtlos, Mexico.Vegetation, 74, 55-80.

Boyd C.E. (1974). Utilisation of Aquatic plants. In, Aquatic vegetation and its use and control. Ed. By D.S.
Mitchell Paris, UNESCO, pp. 107-144.

Buzgo M. (1994). “Pistia stratiotes”. "Inflorescence development of Pistia stratiotes (Araceae)".
Botanische Jahrbucher fiir Systematik, Pflanzengeschichte und Pflanzengeographie, 115 (1), 557.
DOI: 10.1186/1999-3110-55-30. PMC 5432749. PMID 28510972.

Catindig J.L.A., Lubigan R.T., Johnson D. (2017). "Sphenoclea zeylanica". Irri.org. International Rice
Research Institute. The dirty dozen.

41



Igbani Flourizeet al. Agriculture Reports 3(1): 29-45

Clayton W.D. (1978). "Rhytachne triaristata". The genus Rhytachne (Gramineae). Kew Bulletin, 32(4):
767-771.

Clegg, J. (1986). "Typha australis". Observer's Book of Pond Life. Frederick Warne, London. 460 p.

Delwarul [.M.D, Rahmatullah R.S, Meraz-Ahmed Abdulla-Al-A., Abdus S., Baadruzzoha S., Amir H.,
Subrato M. (2017). Aquatic weeds diversity of Bangladesh Agricultural University Campus,
Mymensingh, Bangladesh. Asian Australas. Journal of Bioscience and Biotechnology, 2(2), 181-
192.

Desv., Stapf. (2021). "Sorghum arundinaceum". Plants of the World Online. Board of Trustees of the
Royal Botanic Gardens, Kew.

Dienye H.E. (2015). Species diversity of macrophytes of the New Calabar River, Niger Delta, Nigeria.
International Journal of Fisheries and Aquatic Studies, 3(1), 409-413.

Dienye Y., Sambou V., Faye M., Thiam A., Adj M., Azilinon D. (2017). Thermo-mechanical
characterization of a building material based on Typha Australis. Journal of Building Engineering,
9, 142-146.

Diop F.N., Lansdown, R.V. (2020). "Echinochloa pyramidalis". IUCN Red List of Threatened Species.
2020: e.T164478A140431796. DOI:10.2305/IUCN.UK.2020-3.RLTS.T164478A140431796.en.

Duncan D.B. (1955). Multiple range and multiple F test. Biometric, 11: 1-42.

Ekpo E.I, Essien-Ibok M.A, Ekpenyong, U.R. (2016). Abundance, distribution and biotic indices of aquatic
macrophyte community of a riparian stream in Odot, Niger Delta, Nigeria. FUTA Journal of
Research in Sciences,12 (2), 195-205.

Ekpo L.E., Essien-lbok M.A., Obot O.l. (2014). Assessing environmental impact on aquatic macrophyte
species structure in a near coastal tropical river, southeastern Nigeria. Journal of Aquatic Sciences,
29 (2A), 317-328.

Ekunseitan D.A, Yusuf A.O., Odesanmi A.F. (2013). Assessment of nutritive values of some waterweeds.
Food Science and Quality Management, 22.

George W.L., Miller J.F. (2005). Identification and Control of Weeds in Southern Ponds. The University
of Georgia, pp. 34.

Guill, Perr. (2012). “Nymphaea micrantha’. International Plant Names Index. "Plant Name Details
Nymphaeaceae, Nymphaea micrantha.

Gupta AK., Sayer C. (2018). "Ipomoea aquatica". IUCN Red List of Threatened Species. 2018:
e.T168908A120145878. DOI:10.2305/IUCN.UK.2018-2.RLTS.T168908A120145878.en.

Gross E.M. (2003). Allelopathy of aquatic autotrophs. Critical review in plant sciences. 22:313-339.

Haynes R.R., Les D.H., Holm-Nielsen L.B. (1998). “Burnatia enneandra”. "Alismataceae". Flowering
Plants Monocotyledons. pp. 11-18. DOI: 10.1007/978-3-662-03531-3_4. ISBN 978-3-642-08378-
5.

Heard T.A. (2012). “Mimosa pigra” L. Biological control of weeds in Australia. CSIRO Publishing,
Collingwood, 378-397.

Heuzé V., Tran G. (2017). Arrowroot (‘Maranta arundinacea”). Feedipedia, a programme by INRA,
CIRAD, AFZ and FAO. https://www.feedipedia.org/node/545, 14:10.

42



Igbani Flourizeet al. Agriculture Reports 3(1): 29-45

Igbani F., Uka A. (2019). Fish diversity, abundance and fishing activities in the upper Ekol River, Bayelsa
state, Niger Delta, Nigeria. International Journal of Fisheries and Aquatic Studies, 7(5), 122-129.

lto Y. (2013). “Potamogeton octandrus’. New records of aquatic plants for the flora of Thailand:
Nechamandra alternifolia and Potamogeton octandrus. Thai Forest Bulletin 41: xxx-xxx.

Jimin A.A., Ibrahim A.J., Ahom, R.L. (2023). Effect of water quality properties on infestation of nymphae
lotus in selected water bodies at Makurdi. Africa Journal of Agriculture and Allied Sciences,
Post/Online ISSN: 2695-253x; 2734-3413, https://AJAAS.com.ng, 3(1): 27-40.

Jimin A.A., Magani E.I., Usman H.I. (2014). Rainy identification and species characteristics of aquatic
macrophytyes in the floodplains or River Benue at Makurdi. Journal of Sustainable Development
in Africa, ISSN: 1520-5509, Clarion University of Pennsylvania, Clarion, Pennsylvania, 16 (6): 145-
165.

Journey W.K., Skillicorn P., Spira W. (1993). Duckweed aquaculture, a new aquatic farming system for
developing countries. World Bank, Washington, USA. pp. 81-124.

Kayode J. (1999). Phytosociological investigation of compositae weeds in abandoned farmlands in Ekiti
State, Nigeria. Compositae Newsletter 34, 62-68.

Kevin M.K., Lancar M.L. (2002). Aquatic weeds and their management. International Commission on
Irrigation and drainage, Australia, 12, 15-64.

Kiviat E. (2013). “Phragmites karka”. "Ecosystem services of Phragmites in North America with emphasis
on habitat functions". AoB Plants. 5: plt008. DOI:10.1093/aobpla/plt008.

Lansdown R.V. (2019). "Lemna minor". IUCN Red List of Threatened Species. 2019:
e.T164057A120125670. Doi:10.2305/IUCN.UK.2019-2.RLTS.T164057A120125670.en.

Lansdown R.V., Beentje H.J., Daoud-Bouattour A., Ghrabi-Gammar Z., Muller S., Ben Saad S.,
Mahamane A. (2018). “Cyperus alopecuroides” "Foxtail Sedge Cyperus alopecuroides". [IUCN
Red List of Threatened Species. 2018: e.T164443A120147992. DOI:10.2305/IUCN.UK.2018-
2.RLTS.T164443A120147992.en.

Lichtenstein D. (2010). Types of Aquatic Plants. eHow.com. http://www.ehow.com/list_6743498_types-
aquaticplants.html#ixzz14yuACWkZ19.

Linnaeus C. (1775). “Ceratophyllum demersum”. (The Global Invasive Species database 2006).

Lonsdale W.M., Miller I.L., Forno L.W. (1995). “Mimosa pigra”. In Groves R.H., Sheppard R.C.H.,
Richardson R.G. The biology of Australian weeds R.G. and F.J. Richardson Publishers,
Melbourne, Australia. pp. 169-188.

Moran S., Forkel R., Heath J. (eds.) (2016). “Echinochloa stagnina’. Dogon and Bangime Linguistics.
Jena: Max Planck Institute for the Science of Human History. http://dogonlanguages.org.

Moran S., Forkel R., Heath J. (eds.) (2016). “Heteranthera callifolia”. Dogon and Bangime Linguistics.
Jena: Max Planck Institute for the Science of Human History. http://dogonlanguages.org.

Naseer A.D., Ashok K.P., Bashir A.G. (2014). Factors affecting the distribution patterns of aquatic
macrophytes. Limnology Review, 14(2), 75-81.

43


http://dogonlanguages.org/
http://dogonlanguages.org/

Igbani Flourizeet al. Agriculture Reports 3(1): 29-45

Nayla H.O. (2019). Water Quality Parameters. Department of Environmental Engineering, College of
Water and Environmental Engineering, Sudan University for Science and Technology, Khartoun,
Sundan, pp 1 - 18, http://doi.org/10.5772/intechopen.89657

Nogueira |., Ortiz S., Paiva J.A.R. (2006). “Polygonum lanigerum". "Polygonum L.". Flora Zambesiaca
(online). Vol. 9. Royal Botanic Gardens, Kew.

NRCS. (2013). (n.d.). USDA."Echinochloa colona". The PLANTS Database (plants.usda.gov).
Greensboro, North Carolina: National Plant Data Team.

NRCS. (2015). USDA (n.d.). "Ipomoea asarifolia". The PLANTS Database (plants.usda.gov).
Greensboro, North Carolina: National Plant Data Team.

NRCS. (2015). USDA (n.d.). "Salvinia nymphelulla". The PLANTS Database (plants.usda.gov).
Greensboro, North Carolina: National Plant Data Team.

Obot E.A., Ayeni J.S.0. (1987). A handbook of common aquatic plants of the Kainji Lake Basin, Nigeria.
National Institute for Freshwater Fisheries Research. P. M. B. 6006, New Bussa, Niger State,
Nigeria. Saolog Printing Productions, llorin, Kwara State, ISBN 978-177-023-6. P 1 - 51.

Oke A.O., Amadi N.C., Awom LE., Igbani F. (2018). Medicinal Plants as Immunostimulants in
Aquaculture. In: Fisheries and aquaculture in Nigeria: A panacea for economic development and
self-sufficiency in food production. Proceedings of the 33rd Annual Conference of Fisheries Society
of Nigeria (FISON). School of Agric Lagos State Polytechnic [korodu, Lagos. Oct. 29-Nov. 2, 2018,
pp 38-44.

Okoye F.C, Daddy F., llesanmj B.D. (2008). The Nutritive Value of Water hyacinth (Wichhornia crassipes)
and its Utilization in Fish Feed. National Institute for Freshwater Fisheries Research, P.M.B. 6606,
New Bussa, Niger State.

Oyeyemi A., Chris C.O. (2016). Assessment of nutritional quality of water hyacinth leaf protein
concentrate. Egyptian Journal of Aquatic Research, 42, 269-272.

Parker P. (2018). “Neptunia oleracea”. A Little Book of Latin for Gardeners. Little Brown Book Group. p.
328. ISBN 978-1-4087-0615-2. oleraceus, holeraceus = relating to vegetables or kitchen garden.

Pasha M.K., (1966). Aquatic plants of lllinois. lllinois State Museum of Science Series, 1, 142.

Pellegrini M.O.0., Horn C.N., Aleida R.F. (2018). “Eichhornia natans". "Total evidence phylogeny of
Pontederiaceae (Commelinales) sheds light on the necessity of its recircumscription and synopsis
of Pontederia L." PhytoKeys, (108): 25-83. DOI:10.3897/phytokeys.108.27652. PMC 6160854.
PMID 30275733.

Peterson P.M., Romaschenko K., Snow K.N., Johnson G. (2012). "Leptochloa coerulescens". A
molecular phylogeny and classification of Leptochloa (Poaceae: Chloridoideae: Chlorideae) sensu
lato and related genera. Annals of Botany (Oxford), n.s. 109: 1317-1329.

Phillips J., Yang L., Vaughan D. (2017). "Oryza longistaminata". IUCN Red List of Threatened Species,
2017: e.T21346729A21413365, http://doi.org/10.2305/IUCN.UK.2017-
3.RLTS.T21346729A21413365.en.

Pyrah G.L. (2013). “Leersia hexandra”. Wayb I'mack Machine Grass Manual. Flora of North America.

Ronald D.Z., John D.M., Macol, M.S. (1999). Source Water Quality for Aquaculture. A Guide for
Assessment. Environmentally And Socially Sustainable Development. Rural Development. The

44


http://doi.org/10.5772/intechopen.89657
http://doi.org/10.2305/IUCN.UK.2017-3.RLTS.T21346729A21413365.en
http://doi.org/10.2305/IUCN.UK.2017-3.RLTS.T21346729A21413365.en

Igbani Flourizeet al. Agriculture Reports 3(1): 29-45

World Washington, D. C. Copyright © 1999. The International Bank for Reconstruction and
Development/THE BANK 1818 H Street, N. W. Washington, D. C. 20433, USA.

Simon B.K. (1972). “Sacciolepis indica”. A revision of the genus Sacciolepis (Gramineae) in the 'Flora
Zambesiaca' area. Kew Bulletin 27(3) 387-406.

Tripathi P., Kumar R., Sharma AK., Mishra A., Gupta, R. (2010). “Pistia stratiotes” (Jalkumbhi).
Pharmacognosy Reviews, 4(8), 153.

Uka U.N., Chukwuka K.S., Daddy F. (2007). Water hyacinth infestation and management in Nigeria inland
waters: A review. Journal of Plant Science, 2, 480-488.

Van Soest P.J., Robertson J.B., Lewis B.A. (1991). Methods for dietary fiber, neutral detergent fiber and
non-starch polysaccharides in relation to animal nutrition. Journal of Dairy Science, 74:3583-3597.

Wagner W.L., Hoch P.C., Raven P.H. (2007). "Ludwigia erecta". Revised classification of the
Onagraceae. Systematic Botany Monographs, 83.

Wahab A., Ismail S.S., Abidin E.Z., Praveena, S. (2014). “Neptunia oleracea” (water mimosa) as
phytoremediation plant and the risk to human health: A review. Advanced Environment and
Biology, 8, 187-194.

Wallich N., Griffith W. (1836). "Vossia cupidata". Journal of the Asiatic Society of Bengal in Latin, 5, 572-
574,

Watanabe ., Berja N.S. (1983). “Azolla pinnata”. "The growth of four species of Azolla as affected by
temperature". Aquatic Botany. 15 (2), 175-185. http://doi.org/10.1016/0304-3770(83)90027-x.
ISSN 0304-3770.

Wood D.R. (1975). Hydro-botanical methods. Maryland University Park Press, Baltimore, USA, pp.173.
Yusuf K.O., Isah O.A., Arighbede O.M., Oni A.O., Onwuka C.F.I. (2013). Chemical composition, secondary
metabolites, in vitro gas production characteristics and acceptability study of some forages for

ruminant feeding in South Western Nigeria. Nigerian Journal of Animal Production, 40 (1): 179-
190.

45



