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ABSTRACT
We investigated the effect of selected agro-wastes on soil properties, growth and yield of maize 
(Zea mays) in a Typic Haplusult during 2011 and 2013 planting season at the Teaching and Re-
search Farm of Federal University of Technology, Owerri Imo State Southeastern Nigeria (Lati-
tudes 5° 21’ N and 5° 27’ N and Longitudes 7° 02’E and 7° 15’ E). The experiment was a 3 x 4 
factorial fitted in a Randomized Complete Block Design. In 2011 study, treatments consisted of 
factor A that was made  up of 0 t/ha of either Saw dust or rice mill waste, 10 t/ha of Saw dust and 10 
t/ha of rice mill wastes and factor B that consisted of 0, 4, 8 and 12 t/ha of poultry manure. In 2013, 
poultry manure rates were the same while Saw dust and rice mill wastes were reduced from 10 t/ha 
to 2 t/ha.The treatments were replicated four times. Data collected from soil analyses and growth 
performances of maize were subjected to analysis of variance while significant means among treat-
ments were separated using least significant difference at 5 % probability level. Results showed that 
the amendments significantly (p < 0.05) increased soil moisture content, soil porosity and reduced 
soil bulk density in both seasons. Plots amended with 12 t/ha poultry manure + 10 t/ha rice mill 
waste recorded the highest values in the growth parameters of maize measured in 2011 while in 
2013, plots treated with 12 t/ha poultry manure + 2 t/ha rice mill waste performed better than other 
treatments. Shoot dry matter, weight of cob and maize grain yield were significantly increased by 
the agro-wastes with application of 12 t/ha poultry manure +  10 t/ha rice mill wastes recording the 
highest shoot dry matter of 0.96 t/ha, highest cob weight of 1.46t/ha and the highest in grain yield of 
1.17 t/ha in 2011. In 2013, admixture of 12 t/ha poultry manure and 2 t/ha rice mill waste recorded 
the highest values in shoot dry matter (1.19 t/ha), weight of cob (3.75 t/ha) and maize grain yield 
(1.38 t/ha). We therefore recommend application of 2 t/ha rice mill waste + 12 t/ha poultry manure 
for soil fertility restoration and maize production in an acid soil.
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INTRODUCTION

One of the major challenges facing the world 
at present particularly Africa, is food security. 

Poor soil fertility status and land degradation has 
been identified as some of the major constraints 
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militating against food production (Adaikwu et 
al., 2012; Gichuru et al., 2003; Anikwe and Eze, 
2010). These problems have resulted into adoption 
of many strategies aimed at improving soil produc-
tivity and crop yield. Among these strategies was 
the use of agricultural and domestic solid wastes 
as soil amendments (Oladipo et al., 2010; Onwuka 
et al., 2010). Most of these wastes are found in 
large quantities, deposited either on or along the 
road sides, unapproved areas, open dump sites in 
the markets or in water ways and management of 
these wastes has resulted to environmental pollu-
tion and contamination of the atmosphere as well 
as contamination of underground and surface wa-
ter bodies (Kalu et al., 2009). 

Before now, the use of inorganic fertilizers in 
crop production has been a panacea for nutri-
ent losses with little knowledge on its negative 
effect on soil condition such as acidification, 
nutrient imbalance and trace element deficien-
cies (Ojeniyi et al., 2007, Ajaz et al., 2013). 
Asadu and Nweke (1999) have reported that in 
sub –Saharan Africa, soils where inorganic ferti-
lizer are applied for arable crop production have 
lower nutrient elements when compared to soils 
where organic fertilizers were used. Therefore, 
an agricultural practice that is based solely on 
intensive use of inorganic fertilizers is prone 
to mismanagement that leads to environmen-
tal degradation (Baqual, 2013). To ensure food 
security, continued crop production is vital for 
developing countries and this must be accom-
plished on sustainable bases to avoid jeopard-
izing the underlying bases of natural resources 
(Tarang et al., 2013).

Organic wastes contain essential nutrients 
needed for improvement of soil fertility, plant 
growth and yield (Oladipo et al., 2005). There is 
need to investigate approaches for the utilization 
of these agricultural wastes in this ecological 

zone that has favourable rainfall and tempera-
ture distribution for organic matter decomposi-
tion. The aim of this study therefore was to eval-
uate the effect of selected agro-wastes on soil 
properties and growth performances of maize in 
Owerri, Southeastern Nigeria.

MATERIALS AND METHODS

The Study Area: The study was conducted at 
the Teaching and Research Farm of Federal Uni-
versity of Technology Owerri, Imo State, South-
eastern Nigeria. The area lies between Latitude 
5° 21’ N and 5° 27’ N and Longitude 7’ 02°E 
and 7° 15’ E. The area has an average annual 
rainfall range of 1950 mm – 2250 mm and annu-
al temperature range of 27 °C – 29 °C with aver-
age relative humidity of 79 %. The geological 
material of soil in the  study area is an ultisol and 
classified as Typic Haplustult (FDALR, 1985), 
derived from Coastal Plain Sands (Benin forma-
tion)  of the Oligocene-Miocene geological era 
and are characterized by low organic matter, low 
cation exchange capacity and are highly leached 
(Onweremadu et al., 2011). Tropical rainforest 
is the dominant vegetation of the area, though 
with remarkable ecological diversity caused by 
anthropogenic activities, especially farming and 
deforestation resulting into depleted vegetation 
as a result of demographic pressure. Farming at 
subsistent level is a major socio economic activ-
ity of people in the area and fertility restoration 
in the area is by bush fallow and application of 
inorganic fertilizers. The location map of the 
study area is shown in Figure 1.

Land Preparation: The study area which was 
under three year fallow, dominated by shrubs and 
grasses  manually cleared using cutlass and hoe 
and mapped out into experimental plots.  Compos-
ite soil samples were randomly collected for pre-
planting soil analysis using soil auger at 0 – 30 cm 
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depth. The samples were air dried for a period of 
one week and sieved using 2 mm mesh sieve and 
then subjected to routine laboratory analysis.

Field layout, experimental design and treat-
ments: In both 2011 and 2013, the study area 
was mapped out into 48 experimental plots 
using ranging poles and metre rule. Each plot 
measured 4 m x 4 m with inter plot and inter 
replicate distances of 1 m. The experiment was a 
3 x 4 factorial fitted in a Randomized Complete 
Block Design. In 2011 study, the treatments con-
sisted of factor A which was made up of 0 t/ha 
of either of Saw dust or rice mill waste, 10 t/ha 
Saw dust and 10 t/ha rice mill waste and factor B 
which was made up of 0, 4, 8 and 12 t/ha poultry 
manure. In 2013 study, the same rate of poultry 
manure was applied while 10 t/ha of Saw dust 
and 10 t/ha of rice mill wastes were reduced to 
2 t/ha each. The treatments were replicated four 
times.  The treatments were broadcasted on the 
tilled plots and were allowed to incubate for one 
week before planting the test crop. 

Planting of test Crops: Maize seeds (Oba 

super 11 hybrid) were planted three per hole 
at a planting distance of 25 cm x 75 cm.  One 
week after planting, the germinated seeds were 
thinned down to one seed per hole, given a plant 
population of 55, 500 plants/ha. Supply of un- 
germinated seeds were done a week after plant-
ing.The experimental area was weeded two 
times before harvest using a weeding hoe.

Measurement of growth parameters in ex-
periment 2: Two weeks after planting, 12 out 
of 36 plants in each experimental plot were la-
beled specifically for data collection. Number of 
leaves, maize height and leaf area were meas-
ured at weekly intervals. Plant height was meas-
ured using a metre rule from the surface of the 
soil to the tip of the tallest leaf (Nwafor et al., 
2010) while number of leaves were manually 
counted. Leaf area was calculated using the for-
mula adopted by Nwafor et al. (2010) Shoot dry 
matter was determined by oven drying samples 
of shoots of maize collected from each treat-
ment plot at 60˚ C. The oven dried weight was 
then used to calculate the total shoots dry matter 

Onwudike, S.O. et al., Nigerian Journal of Soil Science, 26, 2016



282

per treatment plot. 

Laboratory Analysis: Particle Size Distribu-
tion was determined by hydrometer method ac-
cording to the procedure of Gee and Or (2002). 
Bulk Density was determined by core methods 
according to Grossman and Reinsch (2002). To-
tal Porosity was calculated from the result of 
bulk density using the formula: 

Total Porosity (TP) =     [1    -    (BD / pd ) X 
100]; where pd = Particle density (2.65 g/cm3) 
and BD = bulk density. 

Moisture Content was determined using the 
formula: 

Percentage soil moisture content = (weight of 
the moisture contained in soil sample / weight of 
soil sample) x 100.

Soil pH was determined in water and in KCl 
using pH metre in soil / liquid suspension of 
1 : 2.5 according to Hendershot et al., (1993). 
Organic Carbon was determined using chromic 
wet oxidation method according to Nelson and 
Somers (1982). Total Nitrogen was determined 
by kjeldahl digestion method using concentrated 
H2S04 and Sodium Copper sulphate catalyst mix-
ture according to Bremner and Yeomans (1988). 
Available Phosphorus was determined using 
Bray II solution method according to Olsen and 
Somers (1982). Exchangeable Mg and Ca were 
determined using ethylene diamine tetra acetic 
acid (EDTA) (Thomas, 1982) while  exchange-
able K and Na were extracted using 1 N Neutral 
ammonium acetate (NH4OAc) and then deter-
mined using flame photometer (Thomas, 1982). 
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Exchangeable Acidity was measured titrimetri-
cally using 1 N KCl against 0.05 N Sodium hy-
droxide (Mclean, 1982) while effective cation 
exchange capacity was calculated from the sum-
mation of all exchangeable bases and total ex-
changeable acidity. Percentage Base Saturation 
(PBS) was calculated by the summation of the 
total exchangeable bases divided by effective 
cation exchange capacity and then multiplied by 
100.

Data collected were presented in tables and 
graphs. Data were subjected to Analysis of Vari-
ance (ANOVA).  Significant means among treat-
ments were separated using Least Significant 
Difference (LSD) at 5 % probability level.  

RESULTS AND DISCUSSION

Soil of the study location: The properties of 
the soil used in thestudy are presented in Table 

1. The soils were texturally loamy sand for 2011 
and 2013 planting seasons respectively. The 
soils were low in moisture retention, strongly 
acidic and low in macro nutrients (N, P and K) 
and exchangeable bases. For better performance 
of maize plant in these soils, there is need to in-
crease these low plant nutrients and this could 
be achieved by manure applications.

Chemical properties of the agro-wastes used 
in the study

Some chemical properties of the organic 
wastes used in this study are presented in Table 
2. The wastes (saw dust and rice mill waste) had 
higher C/ N ratio than poultry manure. There-
fore admixture of the wastes and poultry manure 
could complement each other. Poultry manure 
had nutrient elements that could increase maize 
growth and yield and improve the quality of soil 

Onwudike, S.O. et al., Nigerian Journal of Soil Science, 26, 2016



284

in the study area.

Effect of saw dust, rice mill waste and poultry 
manure on soil particle size distribution

Results of the effect of agro-wastes on soil 
particle size distribution are shown in Table 3. 
Results showed that the amendments did not 
change the texture of the soil when compared 
to control. Plots amended with 10 t/ha rice mill 
waste + 12 t/ha poultry manure recorded sand, 
silt and clay fractions of 783 g/kg, 103 g/kg and 
114 g/kg respectively in 2011 while in 2013, 
plots amended with 2 t/ha rice mill waste + 12 
t/ha poultry manure recorded sand, silt and clay 
fractions of 763 g/kg, 107.3 g/kg and 129.8 g/
kg respectively. This observation was in agree-
ment with Liu et al., (2009) that manure appli-

cation increases soil aggregation which in turn 
increases soil aeration, water infiltration and 
biodiversity. This observation was also in line 
with previous works of Adaikwu et al (2012) 
who stated that good soil management practices 
may slightly raise the clay and silt fractions of 
the soil and improve soil productivity but cannot 
change the textural class. 

Effect of saw dust, rice mill waste and poultry 
manure on soil bulk density and total poros-
ity 

Results of the effect of agro-wastes and poul-
try manure on soil bulk density and total porosi-
ty are presented in Figure 2. Soils amended with 
agro-wastes significantly (P < 0.05) reduced soil 
bulk density as compared to control in both sea-
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sons. The lowest bulk density of 1.33 g/cm3 was 
attained in soils amended with 10 t/ha rice mill 
waste + 12 t/ha poultry manure in 2011 and in 
2013, soils amended with 2 t/ha rice mill waste + 
12 t/ha poultry manure reduced soil bulk density 
from 1.43 to 1.33 g/cm3. Increase in the rates 
of poultry manure application or in combination 
with either rice mill waste or Saw dust lowered 
the soil bulk density in both seasons. Decrease 
in bulk density with these wastes could be as a 
result of improvement in the aggregate sizes of 
the soil which reduces compaction and increases 
aeration, water infiltration and proliferation of 
soil microbes. Brye et al. (2004) in their works 
noticed that addition of poultry manure as soil 
amendment decreased soil bulk density. Similar 
trend was observed in soil total porosity.

Effect of Saw dust, rice mill waste and poultry 
manure on soil gravimetric moisture content 

The agro-wastes significantly (P < 0.05) in-
creased the gravimetric moisture content of the 
amended soils than the control (Figure 3).  In 
plots amended with 10 t/ha rice mill waste + 12 
t/ha poultry manure, the moisture content in-
creased from 122.75 g/kg to 152.0 g/kg (23.8 % 
increase) in 2011 study and this was the highest 
among the treatments. In 2013 study, applica-
tion of 2 t/ha rice mill husk + 12 t/ha poultry 
manure increased soil moisture content from 
123.7 – 149.5 g/kg (20.8 % increase) and this 
was followed by application of 2 t/ha rice mill 
waste + 8 t/ha poultry manure which increased 
soil moisture content to 17.6 %. Results also 
indicated that plots treated with rice mill waste 
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increased gravimetric moisture content than in 
plots treated with saw dust (Figure 3). Increase 
in the moisture content with addition of the 
agro-wastes could be attributed to increase in 
the porosity and decrease in the bulk density of 
the amended soils as well as an increase in the 
organic matter content of the soil that enhanced 
water penetration and retention. This was in 
line with previous works by Mosaddeghi et al., 
(2000) who observed that application of poultry 
manure increased soil moisture retention due to 
an increase in the porosity of the soil and im-
provement in soil particle size distribution.

Effect of Saw dust, rice mill waste and poul-
try manure on soil pH 

The effects of agro-wastes on soil pH are 
shown in Figure 4. Results showed significant 
increase (P < 0.05) on soil pH in plots amended 
with the agro - wastes when compared to con-
trol. In 2011, soils amended with 10 t/ha rice 
mill waste, the pH in water increased from 5.11 
to 6.28 while pH in KCl increased from 4.42 - 
5.73. In 2013, the pH in water in soils amended 
with 2 t/ha RMW + 12 t/ha PM was increased 
from 4.34 to 6.08 and from 3.94 to 5.61 in KCl. 
Increase in the rate of poultry manure applica-

tion increased the pH of the soil (Figure 4). Re-
sults also showed that plots amended with 10 t/
ha of RMW or SD recorded lower soil pH when 
compared to the results obtained from plots 
amended with 2 t/ha of either of the wastes (Fig-
ure 4). At 10 t/ha application of rice mill waste 
or Saw dust probably increased CO2 which re-
acted with soil water to form carbonic acid that 
probably reduced the pH of the soil. Increase in 
the rate of poultry manure application increased 
the pH of the soil. The results also showed that 
plots amended with rice mill waste raised soil 
pH than plot treated with Saw dust in both water 
and KCl. The reason could also be due to high 
evolution of CO2 associated with high C/N ratio 
in SD than in RMW which when reacted with 
soil water increased the acidity level of the soil.

Effect of Saw dust, rice mill waste and poul-
try manure on soil organic carbon, total N 
and available P 

Results of the effects of saw dust, rice mill 
waste and poultry manure on soil organic carbon 
are presented in Figure 5. The amendments sig-
nificantly (P< 0.05) increased the organic car-
bon content of the soil more than the control. 
Plots amended with 10 t/ha rice mill wastes + 
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12 t/ha poultry manure recorded the highest or-
ganic carbon by increasing the organic carbon 
content of the soil from 8.91 g/kg (control) to 
19.20 g/kg (53.6 % increase) in 2011 while in 
2013, plots amended with 2 t/ha RMW + 12 t/
ha PM increased soil organic carbon by 52.9 %. 
Also, rice mill wastes influenced soil carbon 
content than saw dust and this could be as a re-
sult of poor decomposition of the saw dust due 
to high C/N ratio. This was in accordance with 
Eneje and Uzoukwu (2012) who made similar 
observation and noted an increase in soil organic 
carbon from 8.48 % to 26.49 % when  8 t/ha 
rice mill wastes + poultry  manure was added 
for maize growth. 

The amendments significantly (P< 0.05) in-
creased the total nitrogen of the amended soil 

when compared to the control (Figure 5). In 
2011 season, application of 12 t/ha poultry ma-
nure recorded the highest total nitrogen of 7.70 
g/kg from 1.15 g/kg in the control plot. This was 
followed by plot treated with 10 t/ha rice mill 
wastes + 12 t/ha poultry that recorded 7.20 g/kg 
total nitrogen while in 2013 planting season, the 
highest total nitrogen of 8.0 g/kg was obtained 
on soil treated with 2 t/ha RMW + 12 t/ha PM 
and this was followed by application of 12 t/ha 
PM (7.78 g/kg). Reduction of the wastes from 
10 t/ha to 2 t/ha resulted to higher soil total ni-
trogen (Figure 5).

Application of poultry manure at differ-
ent rates and in combination with either of the 
wastes significantly (P < 0.05) increased soil 
available phosphorus than the control plot in 
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both seasons (Table 5). Due to high C/N ratio 
in the wastes, marginal increase in the available 
P was recorded in either of the wastes. In 2011 
planting season application of 12 t/ha poultry 
manure raised soil available P from 20.53 mg/kg 
(control) to 28.53 mg/kg while in 2013 the high-
est available P (12.56 mg/kg) was obtained from 
plots treated with 2 t/ha RMW + 12 t/ha PM. 
The wastes did not significantly increase avail-
able P but with admixture of wastes and poultry 
manure, there were significant increase. 

Effect of saw dust, rice mill waste and poultry 
manure on the exchangeable cations 

Results of the effects of the agro-wastes and 
poultry manure on the exchangeable cations are 
presented in Figures 6 and 7. Results revealed a 
significant increase (P <0.05) in the exchange-
able cations with the amendments in both plant-

ing seasons. In soils amended with 10 t/ha rice 
mill waste + 12 t/ha poultry manure, soil ex-
changeable cations increased in all amended 
plots relative to control. As the rate of poultry ma-
nure application increased, there was increase in 
the exchangeable cations. Reduction in the rate of 
application of Saw dust and rice mill waste from 
10 to 2 t/ha also increased the exchangeable bases. 
This could be due to incomplete mineralization of 
the wastes. The reduction of soil acidity by these 
amendments assisted in making these exchange-
able bases available since soil pH plays signifi-
cant role in the availability and absorption of plant 
nutrients by plant roots. This observation was in 
agreement with Ogbodo and Nnabude (2012).

Effect of poultry manure and agro-wastes on 
the growth performances of maize 

Effects of agro-wastes and poultry manure 
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on maize height as presented in Table 4 showed 
that the amendments significantly (P < 0.05) 
increased maize height relative to the control. 
The tallest heights of maize plants 17.95, 64.30, 
94.70 cm were recorded in plots amended with 
10 t/ha rice mill waste + 12 t/ha poultry manure-
at 3, 6, and 9 weeks after planting, respectively 
in 2011 while in 2013, admixture of 2 t/ha RMW 
+12 t/ha PM recorded the tallest maize plant of 
17.43, 69.75 and 93.55 cm at 3, 6 and 9 WAP 
respectively. Significant differences recorded 
with application of the wastes, manure and ad-
mixture of both could be attributed to increase 
in the macro nutrients especially nitrogen that 
helps in cell division and elongation. 

The amendments also increased the leaf area 

of maize more than the control (Table 5). Ap-
plication of 10 t/ha rice mill waste + 12 t/ha 
poultry manure recorded the highest leaf area 
of maize of 28.77, 270.1 and 486.3 cm2 at 3, 6  
and 9  weeks after planting respectively in 2011 
while in 2013. Increase in the growth attributes 
of maize with the application of these amend-
ments could be attributed to higher amount of 
nutrient elements supplied by these wastes. Ear-
lier works by Sujathan et al., (2008) reported 
similar observations.

Effect of agro-wastes on the yield of Maize 

Results of the effect of agro-wastes on the 
shoot dry matter, weight of cob and maize grain 
yield of maize as presented in Table 6 revealed 
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that plots amended with the agro-wastes signifi-
cant (P < 0.05) increased the shoot dry matter 
of maize relative to the control in both seasons 
(Table 6). In 2011, plots amended with 10 t/ha 
RMW + 12 t/ha PM recorded the highest shoot 
dry matter of 1.53 kg/plot (0.96 t/ha) while in 
2013 plots amended with 2 t/ha RMW + 12 t/ha 
PM gave the highest shoot dry matter of 1.55 kg/
plot (0.97 t/ha). The same trend was observed on 
the weight of cob. In 2011, plots amended with 
10 t/ha rice mill waste + 12 t/ha poultry manure 
increased weight of cob from 0.48 to 2.33 kg/
plot (0.30 t/ha – 1.46 t/ha) while in 2013, plots 
amended with 2 t/ha RMW + 12 t/ha PM in-
creased weight of cob from 0.47 to 6.0 kg/plot 

(0.27 – 3.75 t/ha).  Soils amended with rice mill 
waste produced higher weight of cob than saw 
dust (Table 6).

Plots amended with 10 t/ha RMW + 12 t/ha 
PM significantly (P < 0.05) increased the maize 
grain yield when compared to other plots (Ta-
ble 6). In 2011 study, the highest grain yield of 
1,172 kg/ha or 1.17 t/ha was obtained in plots 
treated with 10 t/ha rice mill waste + 12 t/ha 
poultry manure while 1377 kg/ha or 1.38 t/ha 
was obtained on soils amended with 2t/ha RMW 
+ 12 t/ha PM in 2013. Comparing saw dust and 
rice mill waste, plots amended with 10 t/ha saw 
dust recorded 0.234 t/ha maize grain yield while 
10 t/ha rice mill waste yielded 0.609 t/ha maize 
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grain yield in 2011. In 2013, plots amended with 
2 t/ha of saw dust and rice mill waste yielded 
0.447 t/ha and 0.716 t/ha maize grain yield re-
spectively.

 Increase in the cob yield with application 
of these agro–wastes could be attributed to 
the plant nutrient elements supplied by these 
amendments as well as the improvement of soil 
physical condition such as reduced bulk density, 
increased total porosity and water retention as 
well as increased soil organic matter and soil 
pH. These attributes play significant role in in-
creasing soil aeration and soil biodiversity with 
an attendant high crop yield. These findings are 
in concord with previous works by Asawalam 
and Onyegbule (2009) that organic manures 
increased maize grain yields. Higher yield re-

corded in 2013 could be due to reduced quantity 
of saw dust and rice mill wastes which resulted 
to faster decomposition, mineralization and ab-
sorption of nutrient elements by plants.

CONCLUSION

Combined application of poultry manure 
with either saw dust of rice mill waste proved 
more effective in improving soil quality, growth 
and yield of maize in acidic soils. Application of 
large quantities of saw dust and rice mill waste 
should be avoided if not combined with appro-
priate quantities of organic nitrogen sources. 
From the findings in the study, we therefore rec-
ommend application of 2 t/ha rice mill waste + 
12 t/ha poultry manure for soil fertility restora-
tion and maize production in an acid soil of Ow-
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erri, Imo State Southeastern Nigeria
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