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 A field experiment was conducted to investigate the growth and yield responses 
of maize to poultry manure (PM) and NPK 15-15-15 fertilizer in Igbariam, 
Anambra State, Nigeria. The treatment included 5 t/ha PM, 10 t/ha PM, 300 
kg/ha NPK, 5 t/ha PM + 150 kg/ha NPK, 10 t/ha PM + 150 kg/ha NPK and the 
control (no fertilizer application). These treatments were laid out as randomized 
complete block design with three replications. Growth parameters were 
collected at two weeks intervals from two weeks after treatment application 
(that is, four weeks after planting [4 WAP]) while yield parameters were 
collected after the maturity of the maize cobs. The results showed that maize 
responded to the soil amendments as plots that received fertilizers had better 
growth and yield performance of maize. The maize growth parameters revealed 
that the plant height, stem girth, number of leaves, leaf area and leaf area index 
at 4, 6 and 8 WAP were best enhanced with the application of 10 t/ha PM + 150 
kg/ha NPK 15-15-15. The number of cobs were highest with 10 t/ha PM and 5 
t/ha PM + 150 kg/ha NPK. However, the weight of cob was heaviest with 10 
t/ha PM + 150 kg/ha NPK while the 100-grain weight and grain yield/ha was 
highest with the application of either 5 t/ha or 10 t/ha PM combined with 150 
kg/ha NPK. The application of either 5 t/ha or 10 t/ha PM combined with 150 
kg/ha NPK was adjudged the best in enhancing growth and yield of maize in 
Igbariam as these soil amendments increased the plant height, stem girth, 
number of leaves, leaf area, number of cobs, ear diameter and length, weight of 
cob 100-grain weight, grain yield of maize. 
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INTRODUCTION 

 
Maize (Zea mays L.) is an important staple food crop 

and it provides bulk of raw materials for the livestock and 
many agro-allied industries in the world (Bello et al., 
2010; Randjelovic et al., 2011). In Nigeria, as in most 
other tropical countries of Africa, the diet is dominated by 
starchy staple foods, such as wheat, rice and maize. There 
is a steady increase in maize production from 7.4 million 
metric tons in 2009 to 10.3 million metric tons in 2013 
(Adesina, 2014). The recorded yield increases of most 
crops in the last 60 years are results of two main factors 
including progress in plant breeding and fertilizer use 
(Grzebisz and Diatta, 2012). Maize is, on average, the 5th 
most produced agricultural commodity in the period of 
2005-2010, becoming the 3rd most produced crop (by 

quantity) in the country during 2009 and 2010, after 
cassava and yams (Cadoni and Angelucci, 2013). 
However, most of the production aims to the domestic 
market, since a negligible part of the production is 
formally exported (FAOSTAT, 2012).  

Maize (or corn mostly American usage) production in 
Nigeria and in most tropical countries is constrained by 
declining soil fertility as a result of leaching, soil erosion, 
crop harvesting (Donovan and Casey, 1998) and 
continuous cultivation. Soil management also has a direct 
impact on corn yield levels, food quality and safety, and 
the environment (NCGA, 2011). Inorganic fertilizer exerts 
strong influence on plant growth, development and yield 
(Stefano et al., 2004). The application of inorganic 
fertilizer has been reported to increase rooting depth and 
root proliferation in cereals in tropical soils. According to 
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Fashina et al. (2002) the availability of sufficient growth 
nutrients from inorganic fertilizers led to improved cell 
activities, enhanced cell multiplication and enlargement, 
luxuriant growth and larger dry matter production in 
Telfairia occidentalis. However, conflicting results about 
the benefits and adverse effects of fertilizer have however 
been found in literatures. Ayoola and Adeniyan (2006) 
reported that the use of inorganic fertilizer has not been 
helpful under intensive agriculture because it is associated 
with reduced yield, nutrient imbalance, leaching and 
pollution of ground water (Sridhar and Adeoye, 2003). 
Mineral fertilizers to boost crop production are expensive 
and sometimes unavailable (Isaaka et al., 2012).  

On the other hand, the use of organic fertilizer had 
been advocated instead of inorganic fertilizer as a result of 
its positive influence on soil biophysical properties. 
Organic amendments are said to improve soil structure, 
texture and increase biochemical activities of soil 
microorganisms aside adding essential nutrients to the 
soil. But the limitations of organic fertilizers include slow 
decomposition and mineralization rates, bulkiness, and 
dirt (Ogundare et al., 2012). As a result, complementary 
use of organic and inorganic fertilizers is recently 
promoted. Integrated use of inorganic and organic 
fertilizers is therefore required for sustainable soil and 
crop productivity (Ogundare et al., 2012), reduction of the 
cost and amount of fertilizer required by crops (Krupnik et 
al., 2004; Dobermann and Cassmann, 2004) and to 
effectively combat nutrient depletion and promote 
sustainable crop productivity (Paul and Mannan, 2006).  

Peasant farmers that engage in poultry business are 
on the increase in Igbariam and the environs, Anambra 
State Nigeria and they generate large amount of poultry 
manure. Poultry manure is an organic fertilizer. The 
superiority of poultry manure over other organic manures 
has been reported by Follet et al. (1995) and it has been 
proven to possess high nitrogen content and other 
essential plant nutrients, and serves as soil amendment by 
adding organic matter (Hussein, 1997). Similarly, 
Janadasa et al. (1997) reported that poultry manure 
application increased soil pH, organic matter, available 
phosphorus, exchangeable iron.  There is a dearth of 
information on the response of maize to poultry manure 
and NPK fertilizer in Igbariam, a prominently an 
agricultural area in Anambra State, Nigeria. Therefore, the 
study investigates the complementary effect of organic 
fertilizer (poultry manure) and inorganic fertilizers (NPK 
15-15-15) on the growth and yield of maize (Zea mays) in 
Igbariam, Anambra State, Nigeria. 

 
MATERIALS AND METHODS 

 
Experimental site 

The experiment was conducted at the Teaching and 
Research Farm of the Department of Crop Science and 
Horticulture, Anambra State University, Igbariam Campus 
in 2014. The experimental site lies between latitude 060 
14’N and longitude 060 45’E. The rainfall pattern is 
bimodal between April and October with a mean annual 
rainfall of 1268.4mm. The dry season falls between 
November and March. The relative humidity all year 
round is moderately high with the highest relative 
humidity of 85% during wet season and 64% during the 
dry season. The soil is of sandy loam textural class. 

Physicochemical analysis of soil and poultry manure 
samples 

Soil samples, at the depth of 20 cm were collected at 
ten different points in the experimental field and were 
bulked into a composite soil samples. The composite 
sample was analyzed for physicochemical properties 
which included the percentage sand, silt and clay, the pH 
level, total nitrogen, valuable phosphorus and potassium, 
organic matter content. The poultry manure was also 
analyzed for some chemical properties. The result of the 
physicochemical properties of the experimental soil and 
poultry manure used is as presented in Table 1. 
 
Treatments and experimental design 

The treatment comprised different rates of poultry 
manure and fertilizer as well as the combination of both 
fertilizers. The different rates of poultry manure and NPK 
(15-15-15) fertilizer include 0 t/ha poultry manure (PM), 5 
t/ha PM, 10 t/ha PM, 300 kg/ha NPK, 5 t/ha PM + 150 
kg/ha NPK, 10 t/ha PM + 150 kg/ha NPK and no 
application of either the organic and inorganic fertilizers 
which served as the control. These treatments were 
randomly assigned to the plots and were laid out in a 
randomized complete block design (RCBD) with three 
replicates. The replicates were separated from each other 
with a distance of 1m. Each replicate has a total of 6 plots, 
giving a total of 18 plots. Each plot measured 2 m x 3 m 
with 0.5 m space between each plot. The plant spacing 
was 70 cm x 40 cm between and within rows respectively. 
 
Cultural practices 

The maize variety used was ‘Oba Super 2’. The seeds 
were sown on the 29th of May 2014 at the rate of three 
seeds per hole, which was later thinned down to one 
seedling per hole.  The site was manually cleared with 
matchet. Ploughing and making of beds were done using 
hoe and shovel. The treatments were allotted to the beds 
with the help of number paper disc. The poultry manure 
was incorporated into the soil one week before planting 
according to the treatments. Two weeks after sowing of 
the seeds, the plants were thinned down to one seedling 
per hole. The NPK 15-15-15 fertilizer was applied 
according to the treatment allocation by ring method. 
Manual weeding was done as the need arose in order to 
reduce the competition between the crop and weeds for 
space, water, light and nutrients. The field borders were 
kept clean to minimize encroachment by insects and 
rodents. 
 
Data collection 

Data collection commenced two weeks after 
application of NPK fertilizer (that is, 4 weeks after 
planting [WAP]). Observations were made and recorded 
using the six middle plants which was tagged 1-6. The 
growth parameters were measured and recorded at every 2 
weeks interval (that is 4, 6 and 8 WAP). The growth 
parameters were plant height (measured from the ground 
level to the tip of the last leaf of the plant using measuring 
tape), number of leaves, stem diameter (obtained by 
measuring the circumference of the plant with measuring 
tape at 2cm from the ground), leaf area (obtained by 
measuring the longest and broadest leaf, from the point of 
attachment of the leaf to the tip of the leaf for leaf length 
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while the width was measure across the widest portion of 
the surface of the leaves using a measuring  tape). At the 
maturity, the yield data collected include number of cobs 
per plant, ear length and diameter, fresh weight of cob 
(weight of cob with and without husk  was obtained using 
digital sensitive scale), 100-grain weight and grain yield.  
 
Data analysis 

The data generated were subjected to analysis of 
variance using GENSTAT Discovery 3 Release 7.5DE 
(GENSTAT, 2007) following the model for randomized 
complete block design (RCBD). The treatment means 
were separated using least significant difference (LSD) at 
5% level of significance. 

 
RESULTS 

  
 

Maize growth parameters 
There was significant difference (P<0.05) among the 

fertilizers utilized with respect to growth parameters at 4 
WAP (Table 2). The plots that received soil amendment 
significantly performed better than the control plot (no 
soil amendment). Specifically, the plant height, number of 
leaves, stem girth, leaf area and leaf area index were 
highest when 10 t/ha poultry manure combined with 150 
kg NPK or sole 10 t/ha poultry manure was applied to the 
maize. But the number of leaves, stem girth, leaf area and 
leaf area index were significantly lowest in no fertilizer plots. 

Similarly, there were variabilities in the growth 
parameters of maize with respect to the fertilizer 
applications (Table 2). The plant height was highest when 
10 t/ha poultry manure was combined with 150 kg/ha 
NPK followed by 10 t/ha poultry manure. The number of 
leaves was highest with 5 t/ha poultry manure + 150 kg/ha 
NPK application and this was followed by the application 
of 5 t/ha poultry manure. The widest stem was obtained 
when 10 t/ha poultry manure was integrated with 150 
kg/ha NPK and was followed by the combination of 5 t/ha 
poultry and 150 kg/ha NPK. The leaf area and leaf area 
index were highest with the application of 10 t/ha poultry 
manure combined with 150 kg/ha NPK. The lowest results 
from all the growth parameters sampled at 6 WAP were 
attributed to plants with zero fertilizer application.  

The plant height, number of leaves, stem girth, leaf 
area and leaf area index varied with the applications of 
different fertilizers at 8 WAP (Table 3). The plant height 
was highest with the application of poultry manure either 
5 or 10 t/ha singly or in combination with 150 kg/ha NPK. 
The number of leaves and stem girth were generally 
highest with the application of fertilizers in the study. The 
values obtained were statistically at par among the soil 
amendments although highest values for number of leaves 
(14.17) and stem girth (10.69 cm) were attributed to 5 t/ha 
poultry manure combined with 150 kg/ha NPK and 5 or 
10 t/ha poultry manure combined with 150 kg/ha NPK, 
respectively. The leaf area and leaf area index were 
highest and significantly similar (P>0.05) with the 
application of 5 or 10 t/ha poultry manure combined with 
150 kg/ha NPK or 10 t/ha poultry manure. However, the 
highest value for leaf area (0.091 m2) and leaf area index 
(0.326) were obtained with   the   application of 10 t/ha 
poultry manure combined with 150 kg/ha NPK. Plants 
that received no soil amendment significantly had lowest 
values for all the growth parameters at 8 WAP.  

Table 1: Some physical and chemical properties of soil and 
poultry manure used in the experiment 

Substrate 
Soil Characteristics Soil Poultry Manure 
pH 6.96 - 
Sand (%) 67.54 - 
Silt (%) 23.96 - 
Clay (%) 8.9 - 
Textural class Sandy loam - 
Organic matter (%) 11 58 
Nitrogen (%) 0.84 0.95 
Phosphorus (mg/kg) 29.236 28.997 
Potassium (ppm) 24.883 92.683 

 
Yield and yield components of maize 

The yield and yield components of maize showed 
significant difference among the fertilizers (Table 4). The 
number of cobs was highest when 10 t/ha poultry manure 
was applied solely. The value (1.83) obtained was 
statistically at par with the value (1.78) obtained with 5 
t/ha poultry manure + 150 kg/ha NPK. Soil amendment 
generally increased the ear diameter. All the soil 
amendments produced similar ear diameter except when 
10 t/ha poultry manure was combined with 150 kg/ha 
NPK which was significantly highest when the 300 kg/ha 
NPK was sole applied. The fertilizer combination, 10 t/ha 
poultry manure + 150 kg/ha NPK also produced the 
highest weight of cob. The value obtained for this weight 
of cob (180.5 g) was statistically similar with the values 
gotten with 5 t/ha poultry manure (167.0 g) and 10 t/ha 
poultry manure (163.5 g). As regards 100-grain weight, 
the highest value was obtained when 5 t/ha poultry 
manure was combined with 150 kg/ha NPK, although the 
value, 24.04 g, was statistically similar with the value 
(23.84 g) obtained with the application of 10 t/ha poultry 
manure and 150 kg/ha NPK. The highest grain yield and 
above ground weight (biomass) were obtained either with 
the application of 5 or 10 t/ha poultry manure each 
combined with 150 kg/ha NPK. As expected, the plants 
that received no fertilizer significantly had lowest values 
with respect to all the yield and yield components of 
maize. 

 
DISCUSSION 

 
The application of 5 or 10 t/ha poultry manure 

combined with 150 kg/ha NPK significantly produced 
highest plant height, number of leaves, stem girth, leaf 
area and leaf area index of maize 4, 6 and 8 WAP. This 
finding corroborated with the report of Unagwu (2014) 
that soil media amended with complementary organic and 
inorganic fertilizers (8 t/ha poultry manure + 80 kg/ha 
NPK) consistently produced tallest maize plants and leaf 
area throughout the growing period. There must have been 
a faster release of needed nutrients, especially nitrogen, 
complemented by the nutrients sustainably released by the 
poultry manure as a result of the integration of 5 or 10 t/ha 
poultry manure with 150 kg/ha NPK. The incorporation of 
poultry manure may have also improved the soil 
biophysical properties. Previous works (Adeniyan and 
Ojeniyi, 2005; Agele et al., 2011, Ogundare et al., 2012; 
Ojeniyi et al., 2013) had shown that organic fertilizers 
improved soil physical and chemical properties as well as 
nutrient uptake by their ability to increase the soil organic
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Table 2: Effect of poultry manure and NPK 15-15-15 fertilizer on the growth parameters of maize at 4 and 6 weeks after planting (WAP) 
 
Fertilizer 

4 WAP  6 WAP 
Plant  
height 
(cm) 

Number 
of 

leaves 

Stem 
girth 
(cm) 

Leaf 
area 
(m2) 

Leaf 
area 

index 

 Plant  
height 
(cm) 

Number 
of leaves 

Stem 
girth 
(cm) 

Leaf 
area 
(m2) 

Leaf 
area 

index 
No application 38.56 7.56 3.56 0.021 0.074  83.2 10.00 6.91 0.052 0.186 
300 kg NPK 35.13 7.67 4.06 0.022 0.087  92.9 12.06 9.19 0.062 0.222 
5 t/ha PM 49.94 8.78 5.17 0.034 0.124  119.6 13.00 9.36 0.069 0.246 
10 t/ha PM 54.24 9.44 6.41 0.046 0.166  135.5 12.94 9.27 0.075 0.267 
5 t/ha PM + 150 kg NPK 45.86 8.28 5.12 0.036 0.129  130.7 13.11 9.38 0.744 0.266 
10 t/ha PM + 150 kg NPK 57.39 10.39 6.98 0.048 0.172  156.6 12.94 10.13 0.079 0.283 
LSD0.05 6.280 0.897 0.729 0.007 0.023  15.13 0.868 0.731 0.007 0.023 

 
Table 3: Effect of poultry manure and NPK 15-15-15 fertilizer on the growth parameters of maize at 8 weeks after planting (WAP) 

Fertilizer Plant  height (cm) Number of leaves Stem girth (cm) Leaf area (m2) Leaf area index 
No application 120.40 10.94 7.22 0.058 0.206 
300 kg NPK 205.10 13.56 10.00 0.074 0.265 
5 t/ha PM 220.10 13.56 10.04 0.083 0.297 
10 t/ha PM 216.80 13.72 10.13 0.088 0.313 
5 t/ha PM + 150 kg NPK 215.40 14.17 10.69 0.085 0.304 
10 t/ha PM + 150 kg NPK 226.20 13.50 10.69 0.091 0.326 
LSD0.05 14.18 0.866 0.728 0.007 0.025 

 
Table 4: Effect of poultry manure and NPK 15-15-15 fertilizer on the yield and yield components of maize 

Fertilizer  Number of 
cobs 

Ear length 
(cm) 

Weight of cob 
(g) 

100 grain 
weight (g) 

Grain  yield 
(t/ha) 

Above- ground 
biomass (g) 

No application 1.11 16.13 116.5 15.48 0.553 579.0 
300 kg/ha NPK 1.56 17.62 136.0 22.07 0.788 1688.0
5 t/ha PM 1.28 18.65 167.0 17.19 0.614 1347.0 
10 t/ha PM 1.83 18.16 163.5 19.88 0.710 1793.0 
5 t/ha PM + 150 kg NPK 1.78 18.21 137.4 24.04 0.858 1853.0 
10t/ha PM + 150 kg NPK 1.44 19.22 180.5 23.84 0.851 1870.0 
LSD0.05 0.38 1.08 27.18 3.45 0.123 229.3 

 
matter which increased the soil porosity, aggregation, 
aeration, moisture content and reduced the bulkiness of 
the soil. Also, Ayeni (2012) opined that apart from the 
supply of major and micro nutrients, by organic fertilizers, 
they also provide favourable conditions for the growth of 
crops and maintains soil organic matter.   

The ability of most of the yield and yield components 
of maize to be highest when either 5 or 10 t/ha poultry 
manure was integrated with 150 kg/ha NPK confirms that 
integration of organic and inorganic fertilizers in crop 
production is beneficial and sustainable. The work of 
Satyanarayana et al. (2002) also revealed that the 
application of farmyard manure at 10 t/ha and inorganic 
fertilizer at 120.60:45 kg N, P2O5 and K2O per hectare 
gave the highest rice grain yield which was 25% higher 
compared to no farmyard manure control. Similarly, Eneji 
et al. (1997) reported that the combined application of 
organic and inorganic fertilizer was best for intercropping 
sweet potato and maize. Generally, many researchers have 
found the integrated soil nutrition management to be more 
feasible in maintaining nutrients status and crop 
production than single application of mineral or organic 
fertilizers (Ayeni, 2012).  

Relative to the incorporation of sole 5 or 10 t/ha 
poultry manure, the application of 300 kg/ha NPK 
significantly had higher 100-grain weight and grain yield 
per hectare. This may be as a result of faster 
mineralization and release of nutrients by the inorganic 
fertilizer than the 5 or 10 t/ha poultry manure. Generally, 
inorganic fertilizers release their nutrient faster than 
organic fertilizer. As a short duration crop (3-4 months), 
the maize needed nutrients which must have been 

mineralized and made available within their period of 
growth and development.  

Expectedly, lowest results were obtained when no 
fertilizer was applied, considering all the growth and yield 
parameters. Similar results were reported by previous 
investigations (Ogundare et al., 2012; Tanimu et al., 
2013; Unagwu, 2014) in maize. 

 
Conclusions and recommendation 

The result of the experiment showed that the 
combination of poultry manure either 5 or 10 t/ha poultry 
manure with 150 kg/ha NPK gave the best growth and 
yield parameters. Hence this soil amendment is strongly 
recommended for sustainable maize production in 
Igbariam, Anambra State, Nigeria. It is further 
recommended that similar work be carried out in many 
other agricultural areas or Local Government Areas in 
Anambra State so as to give the findings wider or more 
universal acceptance. 
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