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Abstract

This study investigated the direct and residual effects of different poultry compost and NPK fertilizer
applications on the growth components of drought-tolerant maize (Zea mays L.) in a derived savanna
agroecology of southwestern Nigeria. The experiment was laid out in a Randomized Complete Block Design
(RCBD) with six treatments, each replicated thrice. The treatments which were applied at planting, consisted of
100% cockerel manure (CM), 100% broiler manure (BM), 100% layers manure (LM), 33.3% cockerel manure +
33.3% Broiler manure + 33.3% Layers manure (CBLM) at 4.50 kg plot”' inorganic NPK 20-20-10 fertilizer at
0.30 kg plot™” and zero manure application as control (CT). The apparent efficiency of N recovery (AENR), N
and P ear-leaf (NPEL) contents of maize with poultry manures were higher when compared to inorganic NPK
fertilizer applications. The highest mean grain yield 1.30 t ha” of maize was obtained with BM treatment that
had the highest AENR and NPEL values. This however, was not significantly (p > 0.05) different from the mean
grain yield obtained with other treatments during the dry season. Comparable but higher mean grain yield, but
also not significantly (p > 0.05) different were obtained during the wet season in all the treatments.

Keywords: derived savanna, drought-tolerant maize, maize ear-leaf, N efficiency, poultry manure, seasonal
variation

1. Introduction

Maize (Zea mays L.) is an annual cereal crop commonly cultivated in most parts of Nigeria. It is a major source
of food and livelihood for millions of people in many countries of the world (Ogunsumi ef al., 2005). Maize
grains are useful raw material in industries for the production of medicines and different food recipes (Oladejo
and Adetunji, 2012). Maize has a multipurpose advantage as every part of it such as the leaves, stalks, tassels and
cobs are useful (IITA, 2001). In Nigeria, the increasing rate of demand for maize for different purposes had not
been met with the supply from local production (Daramola and Taiwo, 2008).

Climate change is considered as posing the greatest challenge to agriculture and food security in sub-Saharan
Africa. This is because the region is vulnerable to climatic change and its coping capacity is perceived to be very
low (Li et al., 2009). Agriculture is very sensitive to climate change to the extent of forcing farmers to drop their
choice of crop, maize for millet that requires limited rainfall (Odjugo, 2010). Odjugo (2011) observed further
that one of the adaptation measures to crop production in Nigeria was the distribution of early maturing crops to
the resource-poor farmers. Planting of drought-tolerant crops such as maize could serve as additional measure in
response to the prevailing changing climatic conditions. According to Ayoade (2011), drought is a major factor
responsible for crop production and productivity decline in the temperate and tropical regions of the world. The
use of drought-tolerant maize cultivars with high yielding potential to cope with the present climate change
scenarios (Schittenhelm and Schroetter, 2014) is therefore important since access to drought-tolerant maize
variety may be the only alternative mitigating option available to resource-poor African farmers (Tsai ef al.,
1984).

The use of manure in crop husbandry helps to preserve the ecosystem (Farhad ef al., 2009), as the substantial
residual effect on the succeeding crop cultivation cannot be overemphasized (Reddy et al., 2004). Adeoye et al.
(1995) observed that the use of organic-based fertilizer to enhance the fertility of the soil was a good soil
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management strategy for the low activity clay African soils, particularly Nigeria. Poultry compost is an
organic-based fertilizer, when properly applied to soil, enhanced its physical and chemical properties (Boateng et
al., 2006; Farhad ef al., 2009). The increasing demand for poultry meat, particularly during festive periods (Awe
et al., 2014) and its acceptance by most societies due to its relatively low cholesterol content had led to increase
in the number of large poultry farms in Nigeria (Otitoju, 2014). However, the environmental pollution arising
due to uncontrolled and indiscriminate disposal of poultry droppings and their feathers are increasing.

There is therefore, a need to convert poultry waste into harmless and environment-friendly composted manure
which could be useful in crop husbandry. However, since different bird-types such as cockerel, broilers and
layers are fed with different feed-types because of the different purposes for which the birds are meant to achieve,
their droppings’ properties would therefore vary. Preliminary screenhouse studies of Adewole and Dedeke (2012)
observed variations on growth performance, biomass yield and nutritional composition of Amaranthus cruentus
to different birds’ composts. However, there is scanty information on the specific type of the poultry manure that
would give the best result in terms of growth performance and yield of maize. This study therefore aims at
comparing the direct and residual effects of different poultry composts and inorganic fertilizer applications on
the agronomic performance and yield of a drought-tolerant maize variety in two seasons.

2. Methods
2.1 Description of the Experimental Site

The experiment was conducted at the Teaching and Research Farm of the Institute of Agricultural Research and
Training (IAR &T) Substation, Ilora, Afijio Local Government of Oyo State, a derived savanna zone of
Southwestern Nigeria. The study site lies on latitude 07°48°50.6"" N and longitude 003°48°55.6"" E. The soil
texture of the study site was loamy sand with relatively low soil fertility status as presented in Table 1. The
selected meteorological data for 2012 and 2013 of the station are presented in Figure 1 (a-c).

2.2 Experimental Design, Layout and Other Cultural Operations

The experimental plot was cleared manually and three composite soil samples were taken for pre-soil analysis.
The experiment consisted of three 23.0 m x 2.5 m blocks; each block was in turn divided into six plots of 3.0 m x
2.5 m with an alley of 1.0 m between blocks and 1.0 m within plots. The experiment was laid out in a
randomized complete block design with six treatments and each treatment was replicated three times to give a
total of 18 plots. The treatments consisted of 100% cockerel manure (CM), 100% broiler manure (BM), 100%
layers manure (LM), 33.3% cockerel manure + 33.3% Broiler manure + 33.3% Layers manure (CBLM) at 4.50
kg plot”' NPK 20-20-10 at 0.30 kg plot™” (IF) and zero manure application as control (CT).

Seeds of drought-tolerant maize variety, DT-SR-WC, were obtained from IAR &T, Ibadan and planted at three
seeds per hole using 75 cm x 50 cm planting distance. The maize seedlings were later thinned to two stands per
hole at two weeks after planting (WAP) to give a total of 53,333 plants population per hectare. The experiment
was carried out in the dry and wet seasons of 2012 and 2013 respectively. Soil amendments were applied only at
sowing time of the first season. Data on growth performance such as plant height, number of leaves and stem
girth were collected forthnightly from two weeks after planting (WAP) and continued till 8 WAP when the oldest
leaves of the test crop began to fall off. All the plots were manually weeded using hand hoe at 2, 5 and 7 WAP.

2.3 Soil Sampling, Sample Preparation and Analysis

Three composite topsoil (0-15 cm) samples for pre-soil and 54 for post-soil tests were collected using simple
random sampling technique, air-dried and sieved through a 2-mm mesh to remove debris and stones prior to
analyses. Fresh droppings of cockerel, broiler and layers birds from a poultry farm were separately collected,
heaped under a shed and allowed to compost aerobically for three months. The poultry heaps were stirred once in
two weeks to enhance aeration and composting. The poultry composts were air-dried, ground and analysed for
their chemical properties.

The properties of soil and manure samples were analysed using standard methods (Page et al., 1982). The soil
pH was determined in 1:1 soil-water suspension using a glass electrode pH meter. Total nitrogen of the soil and
manure were determined by the macro-Kjeldahl method. Available phosphorus in the soil and manure were
extracted using Bray P1 method and P in the extractants was determined by colorimeter. The soil and manure
organic carbon were determined using Walkley-Black wet oxidation method. Calcium ion, Mg*" and K*
concentrations in the soil and manure were extracted using 1 M ammonium acetate buffered at pH 7.0 and their
concentrations in the extracts were measured using Buck Scientific Model 200 (East Norwalk, Connecticut, USA)
Atomic Absorption Spectrophotometer.

62



jsd.ccsenet.org Journal of Sustainable Development Vol. 9, No. 4; 2016

Table 1. Physico-chemical properties of the soil used in the experiment

Property Value
pH (1:1 soil-water) 5.85
Organic Carbon (g kg™) 9.81
Total Nitrogen (g kg™) 0.70
Sand (g kg™) 720.00
Silt (g kg™ 230.00
Clay (g kg™ 50.00
Textural class Loamy sand
Na* cmol kg™ 0.42
K* cmol kg™ 0.35
Ca*" cmol kg 0.75
Mg*" cmol kg™! 0.28
Available Phosphorus (mg kg™) 9.44
Zn (mg kg™) 0.14
Fe (mg kg™) 0.20
Mn (mg kg™) 0.17
Base saturation (%) 93.11
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Figure 1. (a)-(c): Monthly (a) soil temperature, (b) rainfall and (c) relative humidity of the study area
(2012-2013)

Source: Nigerian Meteorological Agency, Samonda, Ibadan

2.4 Plant Sampling, Sample Preparation and Analysis

At maize tasseling stage, six representative ear-leaf samples per plot were randomly harvested from all the
treatments. These samples were thoroughly washed with distilled water, oven-dried for 48 h at 70 °C. The dried
plant samples were separately ground using stainless milling machine and thereafter sieved through 0.5 mm
sieve. The N and P contents of maize ear-leaf plant samples were determined by the micro Kjeldahl and Bray P1
methods (Page et al., 1982) respectively.

Apparent efficiency of nitrogen recovery (AENR) otherwise called ‘nitrogen efficiency’ for the growing seasons
was calculated using Rees and Castle (2002) approach. This is the difference between the N uptake by the maize
plants in the plots with manure/fertilizer application and the control, divided by the N applied as given below:

AENR = (Ntreatment - control)/Napplied (1)

where Nyeamene 18 the nitrogen uptake by the maize plant when poultry manure and/or inorganic fertilizer were
imposed, Neonyol 15 the nitrogen uptake by the maize plant in the control plots and Nyppiica is the nitrogen applied.

2.5 Maize Grains Harvesting and Processing

The ears of twenty-four maize plants in each plot that had earlier been randomly selected and tagged were
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manually harvested at 12 WAP and air-dried inside the maize crib to 12% moisture content. The maize grains
were manually threshed, weighed and the experiment was terminated.

2.6 Statistical Analysis

Data obtained on maize yield were subjected to analysis of variance and their treatment means were separated at
95% confidence limit using Statistical Analysis Software (SAS) version 9.2 package.

3. Results and Discussion
3.1 Properties of Soil and Composted Poultry Manures

The physical and chemical properties of the soil used for planting of maize are presented in Table 1. The soil pH
in 1:1 soil to water suspension was 5.85 indicating acidic soil conditions. The soil had 720.00, 230.00 and 50.00
g kg™ as the proportions of sand, silt and clay respectively, thus indicating loamy sand soil texture. The pre-soil
organic carbon 9.81 g kg™'; total nitrogen 0.70 g kg™, available P 9.44 mg kg™ and cation exchangeable capacity
1.80 cmol kg™ obtained, were considered low for maize cultivation in Nigeria (Adeoye and Agboola, 1985). Also,
Alvarez and Grigera (2005) observed a direct relationship between soil nitrogen deficiency and reduced yield of
maize. Kogbe and Adediran (2003) observed that nitrogen was a major yield-determining factor and its
availability in sufficient quantity during the growing season is essential for optimum maize production. The
chemical compositions of different composted poultry manures are presented in Table 2. Broiler composted
manure had the highest values of organic carbon 381.30 g kg, N 34.30 g kg™ and P 18.30 g kg with a C/N
ratio of 11.12; a factor for the enhanced performance when compared with other treatments while cockerel had
the lowest values.

3.2 Growth Measurement of Maize

The effects of different composted manure applications to soil on the height of maize plants in the two seasons of
cultivation are presented on Figure 2 (a-c). From 6 WAP, the plant height had significantly (p < 0.05) highest
value in plot with CM and closely followed by BM; while the control plot had least values in the dry season.
Comparable observations were recorded, but with slightly higher values at 8 WAP during the wet season. The
residual effects of manure application from the first cultivation and the decayed maize crop residue could be
responsible.

Table 2. Chemical compositions (in g kg™) of the different poultry manure composts

Property Cockerel Manure Broilers Manure Layers Manure

Total Nitrogen 22.40 34.30 24.00

Organic Carbon 222.50 381.30 248.00
C/N 9.93 11.12 10.33
P 15.50 18.30 16.30
Ca 26.60 31.60 29.30
K 12.10 13.90 12.50

This was in agreement with the works of Isitekhale et al. (2013) for tomato, Eghball et al. (2004) and Farhad et
al. (2011) for maize that gave highest plant height in soils treated with poultry compost. The long-lasting effect
exhibited by the added compost could be responsible; while least values were recorded in plots without
amendment.

Similarly, higher stem girth values of maize plants were recorded in the dry than wet seasons at weeks 2, 4 and 6
after planting. Maize crop is nutrient-demanding (Awe et al., 2014); much of the soil nutrients might have been
utilized during the dry season cultivation. At 8 WAP, significantly (p < 0.05) highest stem girth values obtained
in the dry season were comparable with the wet season. The maize crop residues from the previous harvest
required time to decay and mineralize before use by the maize plants in the subsequent season.

Gradual increase in the number of leaves of maize was obtained from 2 to 8 WAP for all the treatments. Plots
treated with BM in the dry season had the highest number of leaves (15), and equal number of leaves was
obtained in the wet season from the plots with IF. As expected, the control plots had the lowest values during the
two seasons. Similar results of increased number of leaves and enhanced leafy productivity were given by
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Figure 2(a)

composted poultry manures and inorganic fertilizer for dry and wet seasons. Vertical bars represent the SE

Legend: CM

CBLM
Control

Layers' composted manure,

= Broiler composted manure, LM =

Cockerel composted manure, BM
Cockerel + Broiler + Layer composted manure in equal proportions, IF = Inorganic fertilizer and CT

The apparent efficiency of nitrogen recovery (AENR) was highest with BM (18.14%), and closely followed by
LM (17.59%); while IF had the least (10.00%) (Table 3). The AENR values obtained with different poultry

3.3 Yield Components and Yield of Maize
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compost applications were higher than with NPK inorganic fertilizer application. The implication of this was that
N-release from the imposed poultry composts was optimally used due to its slow release over a longer period
when compared with lower AENR value for IF. The order of N release by these applied treatments was in the
order: BM > LM > CM > CBLM > IF.

Grain yield of maize was a function of interaction among various yield components and these components are
affected by sources and pattern of nutrients release, particularly N addition (Farhad ef al., 2011) and ear-leaf P
(Adeoye and Agboola, 1985). The N and P ear-leaf (NPEL) contents in maize plant are presented in Table 4. The
NPEL contents obtained were in the order: BM > CM > LM > CBLM > IF > CT. The higher the NPEL of the
test crop, the higher was the grain yield obtained. Adeoye and Agboola (1985) earlier observed a direct
relationship between ear-leaf P and grain yield of maize when cultivated on sedimentary soils of southwestern
Nigeria. However, the highest mean grain yield of 1.30 t ha™' obtained with the application of BM treatment was
not significantly (p > 0.05) different from the mean yield obtained with other treatments in the dry season (Table
5.) Also, comparable and higher yields of maize grain which were not significantly (p > 0.05) different were
obtained in the subsequent wet season.

The slight increase in the grain yield of maize in the wet season could be due to enhanced soil fertility from
maize crop residual effects of the previous cropping and increased water supply. The increased soil moisture
would enhance the availability and mobility of soil nutrients than in the dry season; an added advantage for
increased grain yield. These results agreed with the observation on the residual effects of cattle manure by Silva
et al. (2003) and poultry manure by Reddy et al. (2004) and Hirzel et al. (2007) on the grain yield of maize.

Table 3. Effect of applied N concentrations in different treatments on the apparent efficiency of N recovery
(2012-2013)

Treatment Nireatment Neontrol Napplicd AENR
(kg ha™) (%)
CM 4,533.31 2,799.98 134.40 12.90
BM 6,533.29 2,799.98 205.80 18.14
LM 5,333.30 2,799.98 144.00 17.59
CBLM 4,666.64 2,799.98 160.83 11.61
IF 3,733.31 2,799.98 93.33 10.00
CT 2,799.98 2,799.98 - -

Legend:

CM = Cockerel composted manure, BM = Broiler composted manure, LM = Layers’ composted manure, CBLM
= Cockerel + Broiler + Layer composted manure in equal proportion, IF = Inorganic fertilizer, CT = Control,
Nireatment = Nitrogen uptake in the applied treatments, Neouwoi= Nitrogen uptake in the control, Nyppica = Applied
Nitrogen, and AENR = Apparent Efficiency of Nitrogen Recovery.

Table 4. Mean (£S.E) concentration of nitrogen and phosphorus in maize plant at tasselling stage

Treatment N gkg' P mg kg™
CM 3.01+£0.22 0.50+0.06
BM 3.75+0.31 0.77+0.05
LM 2.55+0.24 0.46+0.12
CBLM 2.53+0.20 0.51+0.04
IF 2.21+0.11 0.39+0.11
CT 1.01+0.15 0.18+0.04

Legend:

CM = Cockerel composted manure, BM = Broiler composted manure, LM = Layers’ composted manure, CBLM
= Cockerel + Broiler + Layer composted manure in equal proportion, IF = Inorganic fertilizer and CT = Control
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Table 5. Mean grain yield (t ha™") of maize for dry and wet seasons

Treatment Dry Wet
season  season

CM 1.17° 1.50°
BM 1.30* 1.78%
LM 0.97" 1.47°
CBLM 0.82° 1.57°
IF 1.23° L.11°
CT 0.74° 1.10°

Mean with the same superscript within the same column do not differ significantly at p < 0.05
Legend:

CM = Cockerel composted manure, BM = Broiler composted manure, LM = Layers’ composted manure, CBLM
= Cockerel + Broiler + Layer composted manure in equal proportion, IF = Inorganic fertilizer and CT = Control

4. Conclusion

We concluded that single application of aerobically composted poultry manure, particularly compost from the
broiler birds had highest residual effect and could serve as alternative nutrients source as against the
conventional inorganic NPK fertilizer use for optimum production of maize grains. We also concluded that the
grain yield of the test crop, maize, performed optimally in the wet than dry seasons, it’s drought-tolerant
attributes notwithstanding.
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