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Water hyacinth Eichhornia crassipes (Pontederiaceae, Liliales) is a floating aquatic weed and 
the world most harmful weed because of its negative effects on waterways and people’s 
livelihood. Efforts made to combat the water hyacinth problems were not at all successful. It is 
against this backdrop that the experiment was conducted to evaluate the responses of water 
hyacinth manure (WHM) on the growth and yield of Celosia argentea (Lagos spinach) at the 
Teaching and Research Farms of Lagos State Polytechnic, Ikorodu in 2011 cropping season. 
There were 3 treatments replicated 3 times: 1.32kg/plot (30g/plant); 2.64 kg/plot (60g/plant) 
and control treatment with no water hyacinth manure application. Treatments were compared 
on the basis of number of leaves, plant height, stem girth before and 3 weeks after manure 
application and yield at maturation. The results revealed that application of water hyacinth 
manure significantly influenced the growth and yield of C. argentea and among the treatments 
water hyacinth manure (WHM) applied at the rate of 2.64kg/plot (60g/plant) performed best in 
all the parameters evaluated. From the study it can be concluded that water hyacinth is locally 
available, plentiful and cost free, its effective use as organic soil amendment would be an 
interesting method for soil restoration and would minimize partially and/ or totally the negative 
impacts of this weed on the aquatic ecosystem and socioeconomic activities.   
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Introduction 
 

Efforts at remediating soil fertility over the years have basically been 
achieved using traditional resources of farmyard manure and crop residues in 
composted forms as well as use of inorganic fertilizer (Lata & Veenapani, 
2011). The use of manure application enhances soil productivity, increases the 
soil organic carbon content, soil micro-organisms, improves soil crumb 
structure, the nutrient status of the soil and enhances crop yield (Beckman, 
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1973). Organic manure is also very cheap and effective as a good source of 
nitrogen for sustainable crop production, but its availability remains an 
important issue due to its bulky nature, while inorganic fertilizer is no longer 
within the reach of poor-resource farmers due to its high cost (Rahman, 2004).  

The use of other technologies such as organic fertilizers from unexploited 
natural resources would be a better alternative to improve soil fertility and 
increase crop yield; and over the years one largely overlooked resources 
available for soil fertility improvement is the use of non-traditional organic 
materials such as weeds. 

Water hyacinth Eichhornia crassipes (Pontederiaceae, Liliales) is a 
floating aquatic weed and the world most harmful weed because of its negative 
effects on waterways and people’s livelihoods (Epstein, 1998; Ghabbour et al. 
2004; Wilson et al. 2005).  

However findings from many investigators have shown that the water 
hyacinth weeds have a useful role for other purposes. They are considered as a 
valuable source of macronutrients such as phosphorus, nitrogen and potassium 
that are essential for plant nutrition (Woomer et al. 2000; Sahu et al. 2002; 
Center et al. 2002; Sannigrahi et al. 2002; Gupta et al. 2004).  Ponddar et al. 
(1991) indicated that the nutrient concentration found in water hyacinth vary 
with the environment where it grows such as lakes, marshlands, ponds and 
ditches.  Efforts made to combat the water hyacinth problems were not at all 
successive. 

Celosia argentea L., known also as Lagos spinach (Badra, 1991), is a leaf 
vegetable crop belonging to the family Amaranthaceae.  The crop is very 
popular in south western Nigeria due to the softness of the leaf texture, 
popularly called „sokoyokoto� by the Yorubas (Schippers, 2000).  Celosia has 
a very high nutritive value, and both the grain and the leaf is widely used and 
processed into many food items, supplements and additives (NIHORT, 1986; 
Akingbala et al. 1994). The vegetable is accredited with possession of high 
nutritional values of essential nutrients like calcium, phosphorous, iron and 
other important components such as vitamins C, fiber, carbohydrate, fat and a 
high calorific value (Badra, 1991). It contains a high level of protein with C3 
cycle of photosynthesis which allows it to perform optimally under partly 
shaded conditions (Badra, 1991; Schippers, 2000). 

The crop is predominantly produced in Nigeria by resource-poor farmers 
and compound gardens where it is intercropped with arable starchy staples to 
produce enough food to satisfy their dietary and cash requirements (Akinyemi 
and Tijani-Eniola, 1997), and to minimize the risk of crop failure.  The average 
yield of this crop (7.60 ton ha-1) has been limited by obsolete cultural practices 
employed in its production, such as non-use of manure/fertilizer input among 
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others (FAO, 2004).  For commercial production, optimum performance of the 
crop must be desirable through changes in cultural practices (Sterrett and 
Savange, 1989) including soil fertilization of the crop, with organic to increase 
plant growth and crop yield. Therefore this study was carried out to find 
another alternative method of water hyacinth management by using it as an 
organic fertilizer on the growth and performances of Celosia argentea.  

 
Materials and methods 
 

This research was carried out on a 102.9m2 piece of land at the Teaching 
and Research Farms of Lagos State Polytechnic, Ikorodu, Lagos state (Latitude 
50 10’ N and Longitude 30 16’) in 2011 cropping season. The land has been 
previously cropped with maize intercropped with cassava. The land was 
manually cleared using cutlass and debris parked and seedbed manually 
prepared using hoe. The experimental plots were marked out; each bed had a 
dimension of 2.7m × 1.5m, with 1m discard between plots.  A composite 
sample of the soil was taken randomly using soil auger to determine the soil 
physiochemical properties before the commencement of the experiment. Soil 
pH was taken using digital pH meter. Soil organic carbon was determined by 
the Walkley Black Modified method, while Ca, Mg, K, P, Na, Mn, Cu, Zn and 
Fe were determined by the Mehlich-3 extraction procedure (Mehlich, 1984). 
Total nitrogen was analyzed by the Technicon AA II method (IITA, 1982). 
Particle size distribution was determined with a hydrometer (Bouyoucos, 1962) 
using sodium hexa meta-phosphate as the dispersing agent.   Physiochemical 
composition of the soil is shown in Table 1. 

 
Preparation of water hyacinth manure 
 

Large quantity of water hyacinth was collected from river Majidun in 
Ikorodu area of Lagos State. The roots were washed to remove the attached dirt 
and was pounded using mortar and pestle into slurry; this to make fermentation 
to be faster, thereafter 20 kg of pounded water hyacinth was thoroughly mixed 
with 200cm3 (2 litres) of water, and the whole mixture was kept in a clean 
plastic buckets and covered for 3 months in order to allow for fermentation to 
take place (Sanni & Adesina, 2012). The purpose of allowing the slurry to 
undergo fermentation is to enable the toxic elements of cadium, lead, zinc and 
nickel to be reduced to the lowest concentration (Lawal, 1988 personal com; So 
et al. 2003). Sample of the pounded water hyacinth were taken to the laboratory 
for analysis of its chemical composition (Table 2). 
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Experimental Design and Treatments 
 

The experiment was laid out in Randomized Complete Block Design 
(RCBD) with three treatments replicated three times. The treatments are: 
control (with no water hyacinth compost) (Treatment I); water hyacinth manure 
(WHM) applied at the rate of 1.32kg/bed with 30g applied per plant (Treatment 
II) and water hyacinth manure (WHM) applied at the rate of 2.64kg/plot with 
60g applied per plant (Treatment III). The treatments were allocated to the plots 
using an efficient randomization procedure (balloting).  

The seeds local red variety of C. argentea used for the study was obtained 
from Ogun State Agricultural Development Project (OGADEP), Abeokuta, 
Nigeria. Sowing of the seed was done by broadcasting 18th May, 2011 on well 
prepared seedbed to serve as nursery and covered with palm frond to provide 
shade for the growing seedlings. Three weeks after sowing, the seedlings were 
transplanted to a well-constructed seedbed at a spacing 30cm × 30cm. Selective 
weeding was carried out in the nursery and 3 weeks after transplanting (WAT) 
to ensure efficient use of the manure applied. Foliage insect was control using 
cypermethrin at 2 WAT. The water hyacinth manure (WHM) was applied 1 
WAT using ring application method and was done by placing the manure 5cm 
away round the base of the plant. Fresh shoot were harvested at fresh succulent 
stage using sickle and harvesting was at weekly interval. 

 
Data Collection and Analysis 
 

Ten (10) plants were randomly selected and tagged from each replicate 
and the following data were collected: number of leaves before manure 
application (BMA); plant height BMA; stem girth BMA; number of leaves 3 
weeks after manure application (WAMA); plant height 3 WAMA; stem girth 3 
WAMA and yield of the plant at maturation. Data collected on growth 
parameters and yield were analysed statistically using one way Analysis of 
Variance (ANOVA) procedure (SAS, 1990) and significance of treatment 
means was tested using least significant difference test at 5% probability level. 
Pooled analyses were carried out within location across years/seasons (Gomes 
& Gomes, 1984).  

 
Results  
 

Pre cropping soil analysis determined showed that the soil contained total 
N, 0.25%; available P, 7.60 mgkg-1; and exchangeable bases of Ca, Mg and K, 
with values of 0.18, 7.0 and 0.21mol kg-1 respectively, and soil pH of 6.4 with a 
sandy loam textural class  (Table 1). Water hyacinth manure analysis revealed 
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organic matter 33%, N, 2.56; P, 1.90; K, 1.35; Mg, 1.70 Ca, 1.85 and Fe, 0.70 
(Table 2). 

 
Table 1. Physio-chemical composition of the soil at the experimental site 
 

Composition 
Chemical properties 

Value 
 

Class/grade 
 

pH 
Total Nitrogen % 
% Organic matter 
Available P (mg/ kg-1) 
Ca (mol/kg-1) 
Mg (mol/kg-1) 
K   (mol/kg-1) 
Iron (ppm) 
Manganese (ppm) 
Sulphur (ppm) 
Chloride (ppm) 
Physical properties 
Sand % 
Silt % 
Clay % 
Textural class 

6.4 
0.25 
0.73 
7.6 
0.18 
7.0 
0.21 
6.9 
7.0 
128.0 
12.5 
63.8 
25.0 
11.2 
sandy loam 
 

Slightly acidic   
very low 
very low 
low 
low  
low 
very low 
low 
low 
moderately low 
very low 
 
 
 
 
 

 
Table 2. Chemical composition of water hyacinth manure 
 

Nutrient Value (%) 
Potassium 1.35 
Calcium 1.85 
Nitrogen 2.56 
Phosphorus 1.90 
Organic carbon 33.0 
Magnesium 1.70 
Iron 0.70 

 
Growth parameter before water hyacinth manure application 
 

Results showed non-significant (P<0.05) effect of water hyacinth manure 
(WHM) on the number of leaves, plant height and stem girth before application 
(Table 3). The growth parameter recorded close number of leaves for plant 
treated with 2.64kg/plot (15.5), followed by T2 (15.3) and control treatment 
being the lowest (15.1). Lowest plant height growth (12.9cm) and stem girth 
development (2.33cm2) was observed in the plot treated with 1.32kg and 2.64kg 
WHM  application; and the tallest plant (13.5cm) and highest stem girth 
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(2.36cm2) was recorded  in plot treated with 2.64kg and 1.32kg WHM 
respectively (Table 3).  

 
Table 3. Mean number of leaves, plant height and stem girth before water 
hyacinth manure application 
 
Treatments No of leaves Plant height (cm) Stem girth (cm2) 
T1 
T2 
T3 

15.1 
15.3 
15.5 

13.2 
12.9 
13.5 

2.34 
2.36 
2.33 

LSD (5%) 
SE 

NS 
0.22 

NS 
0.86 

NS 
0.02 

 
Growth parameter after water hyacinth manure application 
 

Water hyacinth manure (WHM) had significant (P<0.05) effect on the 
leaf number, plant height and stem girth 3 weeks after manure application 
(Table 4). The trend obtained from the result shows an increase in the growth 
parameters with the increased in the WHM application rates. The highest leaf 
number (127.2 leaves plant -1) was recorded in plot treated with 2.64kg WHM, 
followed by plot treated with 1.32kg (84.1 leaves plant -1) and the lowest is 
control treatment (61.9 leaves plant -1).  Similar trend was observed in plant 
height growth, plot treated with 2.64kg WHM recorded tallest height (40.30 
cm), followed by T2 (31.20 cm) and the shortest being plot with no WHM 
(26.30 cm) and there was significant difference among the treatments compared 
to control.  Highest stem girth development (5.44cm2) was recorded in the plot 
treated with 2.64kgWHM, followed by plot treated with 1.32kg WHM and 
lowest stem girth in plot with no WHM.    
 
Table 4. Mean number of leaves, plant height and stem girth 3 weeks after 
water hyacinth manure application  
 

Treatment No of leaves Plant height (cm) Stem girth (cm2) 
T1 
T2 
T3 

61.9 
84.1 
127.2 

26.3 
31.2 
40.3 

3.46 
4.16 
5.44 

LSD (5%) 
SE 

3.52 
0.98 

2.95 
1.73 

0.22  
0.06 
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Fig. 1. Mean yield (kg) at harvesting 

 
Yield 
 

There was significant (P<0.05) effect of WHM on the yield of Celosia 
argentea with the highest yield obtained from plot treated with 2.64kg WHM 
(0.25 kg), followed by plot applied to 1.32kg WHM (0.18 kg), while plot 
applied to no WHM recorded lowest yield (0.10 kg) (Figure 4). The trend 
obtained from this result indicates that C. argentea respond with increase in the 
rate of WHM application rates.  
 
Discussion 
 

The benefit of using either crop residues such as water hyacinth residues 
has been reported by Widjajanto et al. (2001, 2002). The study of water 
hyacinth as organic manure revealed that the incorporation of water hyacinth 
into soil crop system increased the performance yield of the crop plant.  
Different rates of water hyacinth manure (WHM) used in this study was found 
to be more effective for the growth and yield of the test plant over the control.  

Increase in plant growth and yield as a result of application of water 
hyacinth manure is expected in that manure contained and released 
considerable amount N and Mg for plant use during the process of 
mineralization. These are essential for formation of chlorophyll for 
photosynthesis in plants and the variation in growth parameters due to nutrient 
sources was considered to be due to variation in the availability of major 
nutrients. This conforms with the findings of Frank (2000) that a general 
increase in vegetative growth and yield was obtained when manures are applied 

0
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0.1

0.15

0.2

0.25

T1 T2 T3

0.104

0.18

0.25
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to plants; and also agrees with the findings of Majambu et al. (1985) that 
growth parameter sand yield of okra increased significantly as the fertilizer rate 
increased.  The result of this study is in agreement with previous research of 
Majid (1980, 1983, and 1992), Kayum et al. (2008) Amitava et al. (2008), 
Chukwuka & Omotayo (2008, 2009) who reported enhancement in growth and 
yield/plant in rice, corn, sesame, brinjal, onion, gourd and maize using water 
hyacinth compost as well manure of water hyacinth. Gunnarssen & Petersen 
(2006) also highlighted that using composted water hyacinth material could 
serve as quality manure for improving soil fertility conditions and thus crop 
yields on the whole.   

 
Conclusion 
 

Since water hyacinth is locally available, plentiful and cost free, its 
effective use as organic soil amendment would be an interesting method for soil 
restoration and would minimize partially and/ or totally the negative impacts of 
this weed on the aquatic ecosystem and socioeconomic activities. 
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