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ABSTRACT 
 

Aim: This research investigated the utilization of livestock manure as nutrient source in maize 
farming.  
Place and Duration: The field experiment was carried out at the research field of the Federal 
Ministry of Agriculture and Rural Development, Lagos State Field Office, Nigeria during the late 
planting season (July/August) of 2019.  
Methodology: An experimental field research was conducted to compare the variation in the 
vegetative parameters and yields of maize grown with different livestock wastes. The experiment 
consisted of six treatments, cattle, pig, poultry, sheep manures, NPK and control experiment set-up 
in a Randomized Complete Block Design with four replicates. The following data were recorded 
during the experiment: plant height, number of leaves, number of days to first tasselling and silking, 
number of cob, cob length, effective cob length, cob diameter, cob weight, ear weight, 100 grain 
weight, grain yield and shelling percentage. Data recorded were exposed to Analysis of Variance 
(ANOVA) and the means were separated with Duncan Multiple Range Test. 
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Results: The plant height and number of leaves recorded at 9 Weeks After Planting were 215.53, 
217.57, 219.69, 188.85, 219.19, 182.76 and 13.60, 13.40, 13.8, 12.4, 13.8, 12.2 cm for cattle, pig, 
poultry, sheep, NPK and control respectively while the yield were 3193.00, 3055.20, 3513.00, 
2855.00, 3791.00 and 1523.80 kg/ha for cattle, pig, poultry, sheep, NPK and control respectively.  
Conclusion: Considering the yields recorded, it has shown that cattle, pig, poultry and sheep 
manures are suitable for sustainable maize growth and is a means of livestock waste management. 
 

 
Keywords: Maize; livestock waste; NPK; height; number of leaves; yield components; yield. 
 

1. INTRODUCTION 
 
Livestock production has contributed immensely 
to the economy of both developed and 
developing countries. This branch of agriculture 
has also provided nutritional security to countries 
and sustains economic stability. Wastes released 
through this important field of agriculture cannot 
be neglected because of its negative impacts on 
lives and environment [1]. Globally, livestock 
production keeps on increasing and this makes 
livestock wastes managements a serious 
concern in order to have safer environment. 
Poultry, cattle and pig accounted for more than 
2267, 940 and 650 million heads respectively [2]. 
The changes in livestock production in Nigeria 
between 1980 and 2015 are as shown in Table 
1. 
 

This shows that large quantity of livestock wastes 
are released to the environment. In a typical 
manner, animal wastes are not limited to faeces 
and urine alone but includes other secretions, 
wasted feed, hair, feather, bedding materials, 
drinking or flushed water and soil. Therefore, 
wastes from livestock constitutes serious 
pollution problem to human and environment 
especially in areas where the pens are built 
closed to residential areas. The percentage of 
NH3, CH4 and H2S released differs according to 
the level of digestion process and organic 
materials, the food composition, the health status 
of the animal and microorganisms. Improper 
treatment of these animal wastes can lead to the 
emission of greenhouse gases, negative impact 
on the soil properties and water pollution. 
Several deaths were recorded in Walkerton, 
Canada, in 2000 as a result of drinking water 

contaminated with livestock waste [4]. The 
relationship between livestock production and 
greenhouse gas emission (GHG) has been 
acknowledged globally, according to Steeg and 
Tibbo, [5], about 59 – 63% of the non-carbon 
dioxide greenhouse gas released globally is from 
agricultural activities, and about 35% of this gas 
is from livestock farming [6]. The challenges of 
climate change and global warming can be 
reduced when rules and regulations guiding the 
disposal of livestock wastes are abide with [1]. 
Livestock wastes can be in three forms: solid, 
slurry and effluent.  Solid wastes can be dried or 
composting, dried wastes are utilized as manure 
sources for plants and as combustion fuel to 
release energy. Slurry can be used for liquid 
composting [7] or for methane production [8], 
effluent can be used by activated sludge process 
to produce pure water or uncomplicated aeration 
technology to produce biofertilizer.  
 

Manures from livestock production have been 
utilized efficiently as organic fertilizer for years, it 
has significant amount of accessible nitrogen, 
carbon and water, hence supplying requisite 
feedstock for the microbial generation of N2O via 
nitrification and denitrification [9]. Livestock 
waste contains all important plant nutrients and 
has been recorded as the excellent fertilizer [10]. 
Among the organic fertilizer, poultry waste has 
been acknowledged as possibly the most 
suitable fertilizer as a result of its high nitrogen 
and phosphorous content [11;12]. It is evident 
that the appropriate utilization of wastes from 
livestock production in crop production has            
been successful and it is a crucial step in          
proper management of waste generated by 
livestock. 

 

Table 1. Livestock production trend in Nigeria 
 

Livestock   Years 
1980 * 1990 * 2001 * 2010 * 2015* 

Cattle  12,108 13,947 15,133 16,578 20,848 
Sheep  8,050 12,460 28,693 35,520 41,632 
Pigs  1,000 3,410 5,250 7,472 7,368 
Poultry (Chicken) 79,760 126,090 124,620 192,313 142,895 

*values express in 1,000; Source: [3] 
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Fertile soil is important in crop production in 
order to produced quality crop yield with longer 
storage life span. Soil fertility improvement is 
important for sustainable agriculture; therefore, 
the utilization of inorganic fertilizer or organic 
manure for soil improvement is an important 
aspect of crop production. The negative effects 
of chemical/inorganic fertilizers utilization in 
agricultural on human health, animal health and 
environmental challenges have sparked up the 
interest in organic farming recently. Organic 
farming embraces human and environmentally 
benign production systems; it forbids the 
utilization of man-made chemicals, growth 
hormones and mineral fertilizers but the 
utilization of organic and green fertilizers, crop 
rotation, soil preservation, improved plant 
resistance and biological control. Zhou et al., [13] 
noted that the utilization of chemical fertilizers on 
agricultural soils influenced and expanded spatial 
unevenness in the allotment of moisture and 
substratum for microbial development.  
 
The use of wastes from livestock production is an 
important constituent of sustainable farming and 
a sources of nutrients and precursor for organic 
matter for sustainable soil fertility and crop yield; 
and it has been reported to be efficient and 
economical [14]. Adelekan et al., [15] reported 
that digested slurry from poultry waste improved 
the vegetative parameters of maize. Inorganic 
fertilizer, poultry manure and cocoa pod husk 
were used to grow plantain and it was reported 
that poultry produced the best vegetative growth 
and yield parameters [16].  
 
Maize is a crucial food crop for several 
households in Nigeria and people living in the 
West African countries, out of the two major 
sources of food that was estimated to be about 
40% of the total land cultivated, maize is one, 
and about 43% of maize produced in West Africa 
is from Nigeria [17;18;19].  Low yield due to poor 
soil fertility, due to low use of synthetic fertilizer 
because of extreme cost and their negative 
consequences on the environment are some of 
the challenges faced by maize farmers in 
Nigeria. Hence, it is important to identify some 
other nutrient sources that are readily available 
to enhance the production by supplying nutrients 
required for soil improvement at relatively low 
cost and little damage to the environment. 
Although some researchers have investigated 
the relationships between growth and yield 
parameters of maize grown with several nutrients 
sources especially poultry waste, further 
research is required to compare other readily 

available livestock wastes in Southwestern 
Nigeria. 
 

2. MATERIALS AND METHODS 
 

2.1 Experimental Plot/Site 
 
The field work was carried out at the Research 
Field of the Nigeria Federal Ministry of 
Agriculture and Rural Development, Lagos state. 
The area is in the Southwestern part of the 
country and situated along the tropical rain-forest 
zone of Nigeria, and the upper part is derived or 
guinea savanna vegetation. The State lies on 
coordinate 6 35 N and 3 45 E, altitude 39 m 
beyond the sea level and bimodal rainfall. The 
State has a tropical climate; the summers receive 
more rain than the winters with average minimum 
temperature of 27 C and average annual rainfall 
of 1,693 mm [20]. The least minimum rainfall was 
recorded in December while the highest 
precipitation was recorded in June. The 
experiment was carried out in the year 2019 
during the late planting season (July/August) 
which represent the common planting period for 
late maize in this agro-ecology zone. 
 

2.2 Experimental Design, Treatment and 
Plot Size 

 
The experiment was set-up in a randomized 
complete block design (RCBD) with four 
duplicates. The blocks were arranged from east 
to west and the surface area of each plot was 2.7 
m2 (1.8 m x 1.5 m), detached by 1m alley. The 
plots were labeled TA – TF as shown in Table 2. 
 

Table 2. Grouping for different nutrient 
sources 

 
Treatments Nutrients sources 
TA Cattle Waste 
TB Pig Waste 
TC Poultry Waste 
TD Sheep and Goat Waste 
TE Inorganic Fertilizer 
TF Control (No added nutrient source) 

 
2.3 Experimental Set-up 
 
The site was cleared and ridged manually before 
marking out the plots. Maize seed was procured 
from Lagos State Agricultural Inputs Supply 
Services Centre (LAISSC) in Oko-Oba, Agege 
and planted at a spacing of 90 cm x 30 cm. 
Manual weeding was carried out on all the plots 
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at 4 and 8 weeks after sowing. Organic manure 
and fertilizer application were as shown in Table 
2 and for plots treated with organic waste, the 
nutrients were applied a week prior to seedling at 
the rate of 1 ton/ha, while for the plots selected 
for NPK (60:40:40) fertilizer, it was applied two 
weeks after planting at the rate of 300 kg/ha. 
 

2.4 Data Collection 
 
Growth parameters were assessed randomly and 
ten (10) maize plants were identified and tagged 
on each plot from which required data was 
collected. The plant heights were determined  
from the tagged plants from the ground plain to 
the tip of the plant with the use of meter rule and 
the total number of leaves on each of the plant 
tagged per plot counted and recorded after 3, 6 
and 9 weeks. The duration to first tasseling was 
the number of days from planting to first tassel 
and number of days to 50% tasseling was the 
number of days from sowing to 50% tasseling. 
Number of days to first silk is the number of days 
from planting to first silking and number of days 
to 50% silking is the number of days from 
planting to 50% silking.  Cobs quantity from each 
plant was recorded and total cob length was 
measured after removing the husk from the culm 
from the bone of the cob. Effective cob length 
was measured as the point of attachment of 
grain on the culm from the bone of the cob and 
cob weight was the average weight of five 
randomly selected cobs per plot and the cob 
diameter was the circumference of the two 
extreme points at the widest part of the cob. Ear 
weight was noted and 100 grain weight was the 
weight of 100 kernels while grain yield (kg/ha) is 
the weight of the grain expressed in kilogram per 
hectare. Shelling percentage was the ratio of 
weight of seed over weight of cob expressed in 
percentage.  
 

2.5 Data Analysis 
 

The data accrued was exposed to Analysis of 
Variance (ANOVA) using SPSS (21.0 version) 
and means separated with Duncan Multiple 
Range Test (DMRT), while the significance test 
was done at 5% probability level.   
 

3. RESULTS AND DISCUSSION 
 

3.1 Effects of Different Treatments on the 
Maize Height 

 

The application of various nutrient sources and 
their interaction (Table 3) significantly enhanced 
maize height at 3 WAP. There was no significant 

difference amongst TA, TB, TC and TD but they 
were significantly above that of TE and TF. TC 
produced the highest plant tallness and TF had 
the shortest plant height. At 6 WAP, TE produced 
the tallest plant while TF produced the shortest 
plant, but there was no significant difference 
between TB, TC and TE while that of TA is higher 
than TD. The results also showed that TC had the 
highest plant height at 9 WAP but there was no 
significant difference with TE while TF had the 
least plant height. 
 
Table 3. Effects of different treatments on the 

plant height 
 

Treatments  3 WAP 6 WAP  9 WAP 
TA  72.68a 168.44b 215.53b 
TB 72.52a 177.38a 217.57ab 
TC 73.27a 179.30a 219.69a 
TD 72.44a 148.07c 188.85c 
TE 69.57b 179.56a 219.19a 
TF 65.44c 122.41d 182.76d 
SD  3.00 21.44 15.67 

Means followed by the same letter in a column are not 
significantly different (p<0.05) 

SD = Standard Deviation 
WAP = Weeks After Planting 

 

The superior performance of maize with regards 
to plant height in most stages of growth recorded 
in organic manure treatment as compared to the 
inorganic nutrient source and control can be 
attributed to the availability of macro and micro 
nutrients, growth promoting enzymes and 
hormones in the organic nutrient sources as 
earlier reported by [21]. Nutrients available in 
manures are reported to be liberated moderately 
and available in the soil for longer period, ensure 
longer residual impacts and enhance the root 
growth [22], which can be held accountable for 
the significant plant height achieved with manure 
treatments. The result recorded for all the 
treatments except TF are higher than what [23] 
reported for ‘ORBA1’variety and higher than what 
was reported for ‘ORBA2’ variety except TD and 
TF when NPK and urea fertilizers were used for 
late maize in derived savannah agro-ecology. All 
the result except TD and TF are in the same 
range with what [24] reported when 100 kg/ha of 
NPK fertilizer was used during the 2011 cropping 
season.  
 

3.2 Effects of Different Treatments on the 
Number of Maize Leaves 

 
The number of leaves recorded during the 
experiment is as shown in Table 4. The results 
show that at 3 WAP, treatments with organic 
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manure produced the highest number of leaves. 
The higher number of leaves at this stage can be 
traced to the early supply of minerals from the 
organic nutrient sources to the plant. TE was 
significantly different from TA, TB, TC and TD far 
from them despite being applied two weeks after 
planting because they are readily available 
nutrient sources compared with organic 
manures. Therefore, all the nutrient sources 
released nitrogen on time for the plant usage 
because nitrogen is responsible for vegetative 
growth [25]. The results at 6 WAP show that 
there was no visible difference between TA, TB , 
TC and TE while TD  and TF showed no significant 
difference.  
 

Table 4: Effects of different treatments on the 
number of maize leaves 

 

Treatments  3 WAP 6 WAP  9 WAP 
TA 10.2a 12.6a 13.6ab 
TB  9.4ab 12.4a 13.4abc 
TC  9.8a 12.8a 13.8a 
TD  8.4ab 8.4b 12.4bc 
TE 8.0c 12.4a 13.8a 
TF 7.8c 8.2b 12.2c 
SD  1.17 2.24 1.06 
Means followed by the same letter in a column are not 

significantly different (p<0.05) 
 

Number of leaves at 9 WAP showed no 
significant difference between TC and TE and this 
may be due to high nitrogen percentage in the 
poultry manure and NPK fertilizer. When 
compared with the results of the earlier 
researchers, the values obtained here is not far 
from what [26] reported when NPK fertilizer was 
used for different spacing of maize. The number 
of leaves recorded in this experiment is higher 
than what [27] obtained when different level of 
NPK fertilizers was used for different sweet corn 
hybrids in Kharif season. The results reported 
here supported what was reported as growth 
parameters of sorghum in a previous study [28]. 
They reported that poultry manure significantly 
enhanced the growth of sorghum due to its ability 
to improve soil physicochemical characteristics. 
The enhancement of the soil fertility and 
improvement of soil physical characteristics that 
leads to better growth can be traced to these 
organic manures as reported by the earlier 
researches; that amelioration of soil using 
livestock manures improved the soil organic 
matters, nitrogen, potassium, phosphorous, 
calcium and magnesium [29;30;31;32;33;34]. 
The higher number of leaves resulted to a better 
leaf area index which is an indication of good 

light interception that will lead to enhanced yields 
and translocation of synthesis to the storage 
parts of the plant.  
 

3.3 Effect of Nutrient Sources on Number 
of Days to First Tasseling and Silking, 
50% Tasseling and Silking 

 
The results in Table 5 show that the use of 
organic manures and NPK had significant impact 
on the days to first tasseling. TE gave 
significantly lower number of days to tasseling 
when compared with others while it was keenly 
followed by TC. There was no significant 
difference in the number of days to first tasseling 
between TA and TB, while TD and TE also differ 
significantly.  Livestock manure and NPK 
application and their interaction showed 
significant effects on days to 50% tasseling 
(Table 5). TE had the shortest duration to 50% 
tasseling and significantly different from other 
treatments, this was followed by TC while TA and 
TB showed no significant difference. TF was 
observed to have the longest number of days to 
50% tasseling and it was significantly different 
from TD that was close to it. Onwudiwe and 
Ogbonna, [24] earlier reported 44.67 and 48.00 
days for 1.0 t/ha municipal waste and 100 kg/ha 
for NPK as their days to first tasseling and 
recorded 54.33 and 55.67 days for 1.0 t/ha 
municipal waste and 100 kg/ha of NPK 
respectively while [23] reported 64.23 days for 
ORBA 1&2 when NPK and urea was used. 
Comparing the results from these researchers 
with this study especially at 50% tasseling, it 
shows that all the treatments performed very 
well. 
 
On the number of days to first silking, all the 
treatments showed significant difference. The 
minimum number of days to first silking was 
recorded from TC and TE, and they were not 
significantly different while they were followed by 
TA and TB that were not also different 
significantly. The higher number of days to first 
silking was recorded in TF while that of TD is also 
higher and significantly differs from the rest. All 
the treatments and their interaction showed 
some significant difference at 50% silking. TC 
and TE produced the shortest number of days to 
50% silking, but no significant difference was 
noticed between TA, TB, TC and TE for the 
duration of 50% silking. TD had a prolonged 
duration to 50% silking but also differs 
significantly when compared with TF. These 
results are similar with what [23] reported for
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Table 5. Effects of nutrient sources on number of days to first tassel and silk, 50% tasseling 
and silking 

 
Treatments 1

st
 tassel 50% tasseling 1

st
 silk  50% silking       

TA 54bd 56bc 59ab 62a 
TB 54bd 57bc 59ab 62a 
TC 52ab 55ab 58a 61a 
TD 55cd 58c 60b 64b 
TE 52a 54a 58a 61a 
TF 56d 60d 64c 67c 
SD  1.63 2.16 2.39 2.58 

Means followed by the same letter in a column are not significantly different (p<0.05) 
 
50% silking for ORBA 1 and 2 respectively when 
NPK and Urea was used, but it is higher than 
what [24] reported for 2011 late planting season 
when NPK at ratio 100 kg/ha and municipal solid 
waste at the ratio 1.0 t/ha were applied. 
 
The duration to tasseling and silking recorded in 
the experiment were significantly improved by 
the manure application as lower days were 
recorded due to enhanced nutrient availability. 
Higher number of days in the control plots was 
as a result of little/no nutrient in the soil and the 
improved outcome was recorded in the fertilized 
plots was as a result of accessibility to nutrients 
in the soil as a result of manure which was 
expected to improve the supply of N, P, K, Ca 
and Mg, thereby improve the vegetative 
development. These results conformed to the 
assertion that difference in nutrient sources 
among treatments will lead to visible difference 
on vegetative growth of the plant [35]. 
 

3.4 Effects of Nutrients Sources on 
Components and Yield 

 
Results reported in Table 6 show that the 
application of different nutrient sources 
significantly enhanced different components and 
yield.  Treatment C produced the highest number 
of cobs but not visibly different from TE while TA, 
TB, TD and TF followed in that order. The number 
of cobs recorded in each plant is dictated by the 
growth behavior of the plant which is also 
influenced by the agronomical practices, climatic 
and edaphic factors. The quantity of cob 
produced by each plant was reported to be the 
major yield component that determines the yield 
capacity of the crop. The value recorded for TC 
can be traced to the excellent percentage of 
nitrogen, phosphorous, potassium and other 
important nutrients that enhanced the soil 
[36;37]. There was no significant difference 
among TA, TB, TC and TE for total cob length and 
effective cob length except for TD and TF. TC had 

the highest value of cob diameter; besides, no 
significant difference was noticed with other 
treatments except TF. According to Table 6, 
values recorded for cob weight were significantly 
different; TC had the highest yield and followed 
by TE, TA and TB shows no significant difference, 
while no significant difference was recorded 
between TC and TE. The values recorded for 
these yield components are in agreement with 
what was reported by the earlier researchers 
[7;23;24;26]. 
 
The values recorded for manures shows that 
they released both major and trace elements in 
the required quantities and improved the 
biological and physical characteristics of the soil 
[22] while the chemical fertilizer released high 
quantity of NPK in the required quantities, which 
leads to better yield components recorded in the 
treated plots compared to control plot.  
Uyovbisere and Elemo, [25] earlier reported that 
the number of fruits produced by each plant, fruit 
diameter, fruit length and fruit weight were 
increased substantially when manure with higher 
nutrients value was applied to the crop, and this 
may be the reason for better yield components 
recorded in this experiment. TC produced the 
best results because it has readily available 
phosphorous to release to crops when compared 
with others [38]. 
 

3.5 Effect of Nutrient Sources on Grain 
Yield  

 

The application of different livestock waste to the 
maize crop significantly increased the ear weight, 
weight of 100 grains, grain yield and shelling 
percentage (Table 7). Significantly higher yield 
was recorded from TE, followed by TC while TA, 
TB, TD and TF followed in that order. All the 
treatments were significantly different except TA 

and TB. TC produced the heaviest 100 grains 
weight but being at par with TA and TE 
statistically, the lower 100 grains weight
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Table 6. Effect of nutrient sources on number of cob, cob length, effective cob length, cob 
diameter and cob weight 

 
Treatments No of cob Total cob length 

(cm) 
Effective cob 
length (cm) 

Cob diameter 
(cm) 

Cob Weight (g) 

TA 1.07b 19.44a 17.84a 11.33a 198.40b 
TB 1.02c 19.46a 17.71a 11.36a 198.95b 
TC 1.13a 19.72a 17.60a 11.64a 210.67a 
TD 1.01d  17.54b 15.69b 11.09a 164.11c 
TE 1.12a 20.37a 18.77a 10.96a 209.27a 
TF 1.0bc 13.86c 11.09c 8.12b 155.67c 
SD 0.43 2.46 2.78 1.42 23.07 

Means followed by the same letter in a column are not significantly different (p<0.05) 

 
Table 7. Effect of nutrient sources on grain yield  

 
Treatment Ear weight (g)    100 grains weight (g) Grain yield 

(kg/ha) 
Shelling 
Percentage (%) 

TA 225.31c 36.69a 3193.00c 77.45b 
TB 221.10c 34.48b 3055.20cd 82.42a 
TC 240.97b 38.42a 3513.00b 81.41ab 
TD 192.40d 28.96c 2855.00d 81.36ab 
TE 251.92a 38.35a 3791.00a 80.23ab 
TF 180.50e 25.18d 1523.80e 69.56c 
SD 25.83 5.20 749.44 5.45 

Means followed by the same letter in a column are not significantly different (p<0.05) 
 

was recorded at TD which was higher than only 
TF. TE produced the highest grain yield followed 
by TC, while TA, TB, TD and TF followed in that 
order (Table 7) and they were all differ 
significantly. In terms of shelling percentage, TB 
gave the highest percentage while TC, TD and TE 
were at par whereas TA had lower shelling 
percentage other than TF that had the lowest 
shelling percentage. The results for 100 grains in 
this experiment negate what [39] reported          
where sheep manure produced better result than 
cattle manure and this may be as a result          
of difference in the animal feed as reported by 
[40]. 
 
The better results recorded for the yield 
components (ear weight and 100 grain weight), 
grain yield with TA, TB, and TC over TD as shown 
in Table 7 may be linked to higher availableness 
of phosphorous and some  nutrients needed  by 
the plant [39]. These set of results recorded for 
grain yield are higher than 1,528 kg/ha maize 
yield recorded by [41] in Nigeria, and are within 
the range of yield projected (2,000 – 3,000 kg/ha) 
by [42] for open pollinated maize in southern 
Nigeria. The set of the results recorded for 100 
grains weight and shelling percentage agree with 
what [39] recorded for sheep, poultry and cattle 
but higher grain yield was recorded when 
compared. Also, the results for 100 grains 

weight, and yield recorded is in the same range 
with what [7] recorded when urea and Farm Yard 
Manure was applied. The results of the findings 
of this research are in agreement with the 
findings of earlier researchers on the uses of 
organic wastes from poultry, sheep, cattle and 
pig as a replacement for inorganic fertilizer 
[33;39;43] and it is a sustainable means of 
fertilizing maize due to its availability and cost 
[44]. TC seems to produce the best results among 
other livestock manure because it has been 
reported to supply more phosphorous to plants 
when compared with other manure source as a 
result of phosphate activity [38].  
 

4. CONCLUSION  
 

Soil treatment with organic manures (cattle, pig, 
poultry and sheep manure) gave a good result 
when compared with inorganic fertilizer and 
untreated plot. For a treatment to be declared 
efficient, the benefits achieved must outweigh the 
cost implication. The exorbitant cost of chemical 
fertilizers that is a major challenge to the farmers 
can be addressed by applying these wastes that 
are readily available. The use of these livestock 
manures for maize production needs to be 
encouraged among the maize farmers in 
Southwestern Nigeria as means to improve the 
livelihood through improved yield of the maize 
and to have a healthy environment. 
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