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ABSTRACT

This work was carried out to assess the potential effects of combined use of organic and inorganic
fertilizers on the physicochemical properties of an ultisol and maize yield. The experiment was carried
out first in the greenhouse and then evaluated in the field. In the greenhouse seven treatments namely
0.4t/ha N.P.K, 10t/ha pig dung, 0.2t/ha N.P.K +5t/ha pig dung, 0.25t/ha N.P.K + 2.5t/ha pig dung,
0.30t/ha N.P.K +1.25t/ha pig dung, 0.35t/ha N.P.K +0.65t/ha pig dung, control were evaluated using a
Completely Randomized Design (CRD) replicated four times. The inorganic fertilizer used was NPK
15:15:15 while the organic manure was pig dung. The results indicated significant differences (P < 0.05)
in plant height, leaf area and dry matter as well as in most of the soil physicochemical properties (P <
0.05). At the end of the greenhouse experiment, the best combined ratios of organic and inorganic
fertilizers with the uncombined ones were used for field evaluation.there for the field evaluation these
five treatments namely, N.P.K at 0.4t/ha, pig dung at 10t/ha, 0.25t/ha N.P.K + 2.5t/ha pig dung, 0.30t/ha
N.P.K +1.25t/ha pig dung and control were involved using a Randomized Complete Block Design
(RCBD) replicated three times. The results also indicated significant differences (P < 0.05) in the plant
height, leaf area, dry matter, maize cob, grain yield and weight of the chaff with pig dung only (10t/ha)
being the most superior in all the agronomic properties evaluated followed by one of the combined ratios
of organic and inorganic fertilizer (0.25t/ha N.P.K + 2.5t/ha pig dung). From the study the use of only
organic manure showed outstanding effects, but 0.25t/ha N.P.K + 2.5t/ha pig dung combination was a
comparable alternative.
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INTRODUCTION
The use of both organic and inorganic

productivity of ultisols. They indicated that
different rates of N, and P fertilizers applied for

fertilizers by farmers” world wide aims to increase
and sustain agricultural productivity of soils. The
positive effects from these materials are known to
be the enhanced nutrient inputs to soils resulting to
improved soil physical and chemical properties.
The effects of separate or individual and combined
applications of organic and inorganic materials on
soils and crops are complex. However, it appears
for certain that the quality and quantity attributes
are the driving forces towards basic processes in
soil such as nutrient mineralization and release and
the overall effectiveness of added material on crop
yield.

Maize production has become very
popular and the crop is widely grown in many
countries of the world. In recent times production
of hybrid maize has been given wide publicity
among maize farmers in Nigeria. The use of
organic manure and particularly NPK, Mg and
farmyard manure has been shown to result to high
yield of crop (Uzo and Asiegbu , 1982). Stewart et
al (1966) reviewed the effects of long term
application of mineral fertilizers on the
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ten years of corn production greatly decreased pH,
slightly increased soil N and largely increased soil
P but only raised productivity when the application
was high. Olayinka et al. (1985) observed that
plant concentration of N, P, and Ca increased as a
result of application of amended sawdust which
led to an increase in dry matter yield of maize (Zea
mays) while there was a decrease in yield in the
greenhouse experiment.

Jacinthe et al. (2002) evaluated the
potential of crop residue (wheat straw) addition to
Mg and nitrogen fertilizers. The yield from the
treatment with the mixture out-weighed that from
the single treatment. This supports strongly the
combination of the both organic manure and
inorganic materials as they aid crop and improve
soil physical and chemical properties. In addition
to improving soil, they have been found to
improve soil reactions and thereby serve as
alternative to lime. The present study evaluated the
effects of combined organic and inorganic
fertilizers in four ratios on soil physicochemical
properties and the performance of maize.
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MATERIAL AND METHODS

Two experiments were conducted under
two environments; greenhouse and field. The field
experiment was conducted under rain-fed
conditions at University of Nigeria Nsukka,
(UNN) southeastern Nigeria (Latitude 06°51°N,
Longitude 07° 24°E and altitude of about 447 m)
between April and July. The rainfall pattern is
bimodal. The mean annual minimum rainfall is
1200 mm while the mean annual maximum
rainfall is 2000 mm spread between April to early
November. There is a short spell in August
popularly referred to as “August break”. At the
onset of rain, it is violent and often torrential
lasting for 1-2 hours. The soil was a well-drained

ferallitic sandy loam classified as an ultisol.

Greenhouse Trial

The soils used in greenhouse trial were
collected from the Department of Soil Science
Research Farm beside the Faculty of Agriculture,
UNN Metrological Station at the depth of 0-20 cm.
The soil samples collected were air-dried under a
room temperature of about 30°C, crushed and
passed through a 2-mm sieve. The samples were
analyzed to determine the various physical and
chemical properties of the soil. The animal manure
(pig dung) which was collected from the Faculty
of Agriculture Farm, UNN was also analyzed. A
total of 28 pots each containing 2kg of this soil
were used based on the seven treatments which
were replicated four times (7 x 4). The
experimental  design used was Complete
Randomized Design (CRD). The soil was mixed
perfectly with the manure. The mixtures used are
shown in Table 1.

The amended soils were watered for two
weeks to stimulate the microbial decomposition of
the organic manure. At the end of the two weeks
two grains of Oba super 11 maize (Zea mays) were
planted per pot. They were thinned down to one
after germination. Mineral fertilizer was applied at
the appropriate rate one week after germination to
twenty pots, except in T, (only organic manure)
and T (control).

The pots were kept in the field moisture
capacity throughout the period of experiment. The
plant height and leaf area were taken on weekly
basis for eight weeks using meter rule. The total
dry matter yield was evaluated at the end.

Field Evaluation

The field trial was located beside the
Metrological station where the soil used for the
greenhouse trial was collected. The experimental
design used was a Randomized Complete Block
Design (RCBD). The size of the experimental field
was 13 m x 8 m from which fifteen plots were
marked out and each plot was 3 m x 1 m. These

plots were divided into three blocks and each
block had five plots.

The treatments evaluated in the field on
per plot basis were (Ty, T, T4 Ts, T7). The selected
treatments were based on the results of the
greenhouse trial. These treatments were replicated
three times. The pig manure used was incorporated
into the soil and allowed to stay for two weeks to
stimulate the microbial decomposition. Maize was
planted two seeds per stand but later thinned to
one plant per stand giving a plant population of
about 53,333 plants per hectare that is at a spacing
of 25 cm x 75 cm. Mineral fertilizer was applied
one week after germination. The field experiment
was rain-fed. The plant height, number of leaves
and leaf area were taken every two weeks after
inorganic fertilizer application using meter rule
and at maturity the yield was equally measured.

Soil and Pig Dung Analyses

Soil particle analysis was done by the
Bouyoucous hydrometer method (Day, 1965) and
the data fitted in the soil textural triangle to obtain
the soil textural class. Organic matter was
determined using Walkely-Black (1934) method,
converted to soil organic matter by multiplying
with a conversion factor of 1.724. Cation exchange
capacity was by neutral (pH 7) ammonium acetate
saturated method (Chapman, 1965) with the
potassium and sodium in the extract determined by
flame photometry (Rich, 1965) and calcium and
magnesium by EDTA method (Devis and Feitas,
1970). Phosphorus was determined by the Bray 11
method (Bray and Kurtz, 1945) while total
nitrogen by macro Kjeldahl method (Jackson,
1958). The pH was determined potentiometrically
using a pH meter in a soil: liquid ratio of 1:2.5 the
liquid being aqueous 0.1N KCI and distilled water
(McLean, 1982) while exchangeable acidity was
determined titrimetrically with NaOH (Mehlich,
1982).

Data Analysis

The data obtained were analyzed using
analysis of variance procedure by Steel and Torrie
(1980) and means were compared using Fisher’s
least significant difference described by Obi
(2002)

RESULTS AND DISCUSSION

The results of the physicochemical properties of the
soil used for the experiments (Table 2) showed that
the soil was low in fertility because total N, available
phosphorous, organic carbon; exchangeable cations,
cation exchange capacity (CEC) were all low in the
soil. The soil is slightly acidic. The low levels of the
chemical properties could be attributed to the effect
of past interventions which aimed at increasing the
crop yield through application of fertilizer containing
only N, P and K. The analysis of the pig manure used
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gave high percentages of the required soil nutrient thus it can help to neutralize the acidity and thereby
elements (Table 2). This indicate that apart from provide a conducive environment for crop growth
supplying N, P, and K, pig manure also supplies and yield.

other nutrients such as Mg and Ca in high amounts to

the soil. The pH of pig manure was above neutral,

Table 1. Different ratios of organic and inorganic manure applied in the greenhouse

trial

Treatments N.P.K Ratio Pig dung Equivalent in t/ha N.P.K Equivalent in t/ha pig manure
T, 0.40g None 0.4t/ha None

T, None 109 None 10t/ha

Ts 0.20g 59 0.2t/ha 5t/ha

Ts 0.259 2.50g 0.25t/ha 2.5t/ha

Ts 0.30g 1.25g 0.30t/ha 1.25t/ha

Te 0.35g 0.65g 0.35t/ha 0.65t/ha

T, None None None None

Table 2. The initial physicochemical properties of soil and pig dung used in greenhouse

and field study.
Mechanical properties Soil (0-20cm) Soil (20-Ocm) Pig Manure
Coarse sand (g kg?) 46 39 —
Fine sand (g kg™ 34 36 -
Clay (g kg™ 15 18 —
Silt (g kg™) 5 7 -
Textural class (g kg?) Sandy loam Sandy loam —
Chemical properties
Total Nitrogen (g kg™) 0.098 0.040 3.22
Organic matter (g kg™) 1.32 0.6 37.96
Potassium (cmolkg™) 0.15 0.1 0.33
Calcium (cmolkg™) 15 0.5 6.6
Magnesium (cmolkg™) 0.5 0.33 15
Sodium (cmolkg™) 0.34 0.17 0.68
Cation exchange capacity (cmolkg™) 10.88 0.93 -
Available phosphorous (ppm) (g kg™) 38.0 8.0 462.0
Exchangeable acidity
(H+ AP (cmolkg™) 0.6 0.4 -
pH (Soil:Water;1:2.5) 6.4 45 7.9

pH(Soil:0.1N KCI;1:2.5) 5.9 3.4 77




Table 3 shows the physiochemical properties of
the soil after amendment and harvesting. There
were changes in both chemical and physical
properties of the soil following the application of
the amendments. In all the amended soils, the
texture as expected remained the same (sandy
loam) as it was before the application of the
amendments. Total N decreased in all except in
the one with only organic manure; possibly
because of the slow release of nutrients by
organic materials. The result was in line with the
work done by Obigbesan (1981) where he
compared organo-mineral fertilizer with mineral
fertilizer that released its nutrient very fast and
often got leached out before the plant could
absorb them. There were decreases in organic
matter in all the amended soils, an indication that
the organic matter was mineralized and the
maize possibly utilized the nutrients for its
growth and development. This was in line with
the work of Magodff (1998) where he reported
that a level of organic matter higher than
required to produce suitable physical properties
is beneficial in that the soil has a greater
buffering and nutrient holding capacity, thus
improving soil productivity. There were
decreases in the exchangeable K, Ca and Na,
which showed that the plant also utilized them
for growth and development. There was an
increase in exchangeable Mg in all the amended
soils except in Tg and T, which could be as a
result of low amendments added to these two
treatments. The increase in exchangeable Mg
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showed that the maize plant did not need much
of the Mg for its growth. There was a decrease in
the CEC due to the decrease in the exchangeable
cations. The available P decreased after
harvesting in all the amended soils. The decrease
was due to the absorption of phosphorous by
plant roots for root growth, development and
fixation (Bierman, 2002). The pH of the
amended soils decreased after harvesting due to
the reduction in the exchangeable cations. This
could be the reason for high exchangeable
acidity.

The result in Table 4 shows that the
mean plant height obtained from T; is not
statistically different from T, while the
differences between the mean plant height from
T, treatment and T; treatment is significantly
different (P < 0.05). Similarly, the differences
between the mean from T, is significantly
different from those of T, Ts, Tg and T;. The
mean leaf area (Table 4) shows that T, is
significant difference (P < 0.05) from those of
T4 Ts, Ty, T and T5. Finally from Table 4 the
mean dry matter obtained from T, is statistically
the same (P < 0.05) with that of T, and Ts while
the differences among the mean dry matter are
significantly different (P < 0.05) from those of
T4, Ts, Tg and T;. The result in Table 5 shows
that the mean yield of grain obtained from T, is
not statistically different from T, (P < 0.05).
Similarly, the mean vyield of grain from T, is
significantly different (P < 0.05) from T4, Ts and
T,

Table 3. The physicochemical properties of the amended soils at the end of greenhouse

trial
Particle sizes Ty T2 Ts Ta Ts Ts 17
Coarse sand (%) 46 42 43 43 43 46 43
Fine sand (%) 34 38 36 35 37 34 37
Clay (%) 15 15 16 16 15 15 15
Silt (%) 5 5 5 6 5 5 5
Textural class Sandy Sandy Sandy Sandy Sandy Sandy Sandy
loam loam loam loam loam loam loam
Chemical properties
Total Nitrogen (%) 0.07 0.11 0.05 0.10 0.08 0.06 0.01
Organic matter (%) 1.23 1.20 114 1.29 125 1.20 0.60
Exc. K (cmolkg™) 0.08 0.10 0.08 0.3 0.3 0.3 0.3
Exc. Ca (cmolkg™) 1.2 1.0 1.2 0.9 1.2 1.2 0.4
Exc. Mg (cmolkg™) 1.0 0.7 1.0 1.2 0.6 0.3 0.2
Exc. Na (cmolkg™) 0.15 0.18 0.15 0.15 0.15 0.15 0.10
CEC (cmolkg™) 2.48 2.92 2.20 3.28 1.56 2.84 2.68
Av. P (ppm) 16.0 22.0 24.0 26.0 19.0 18.0 8.0
Exc. Acidity (H + A" 12 12 1.2 1.2 1.2 0.8 0.8
(cmol/kg)
pH (water) 46 38 4.0 47 46 4.6 47
pH (KCI) 3.6 3.6 35 3.8 3.8 3.6 3.8

Legend:T;= 0.4g NPK 15:15:15 only(1:0), T,=10g pig dung(0:1), Ts= 0.20g NPK and 5g pig dung(1:25), T,= 0.25g NPK and 2.50g
pig dung(1:10), Ts= 0.30g NPK and 1.25g pig dung(1:4), Te= 0.35g NPK and 0.65g pig dung(1:3), T;= Control
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Table 4. The effect of the amendments on the agronomic properties of maize in the
greenhouse trial.

Treatments Plant height (cm/plant) Leaf area(cm*/plant) Dry matter (g/plant)
T1 111.25 479.50 9.44

T2 107.00 328.75 13.97

T3 80.50 303.00 9.43

T4 102.50 399.30 11.72

T5 96.00 369.65 10.68

T6 85.40 308.85 7.66

T7 48.10 141.70 4.85

F-LSD(o.05 6.43 8.50 3.30

Legend:T;= 0.4g NPK 15:15:15 only(1:0), T,=10g pig dung(0:1), Ts= 0.20g NPK and 5g pig dung(1:25), T,= 0.25g NPK and 2.50g
pig dung(1:10), Ts= 0.30g NPK and 1.25g pig dung(1:4), Te= 0.35g NPK and 0.65g pig dung(1:3), T;= Control

Table 5. The effect of the amendments on the agronomic properties of maize (Zea mays)

in field trial.

Treatments Plant height Yield of maize  Yield of maize grain  Yield of Dry Leaf area
(cm/plant) cob (g/plant) maize chaff  matter at 56days
at 56days (cm?)

T 108.2 35.0 26.3 8.69 39.55 2050.0

T, 151.7 70.0 56.0 13.78 48.56 3325.0

Ts 109.9 58.5 47.0 11.69 3141 3469.0

Ts 105.9 21.8 16.0 5.73 29.85 1806.0

T, 74.3 16.1 11.0 5.06 20.45 1500.0

F- 31.59 23.68 20.18 3.75 4.32 670.4

LSD p=0.05)

Legend: T;= 0.4g NPK 15:15:15 only (1:0), T,=10g pig dung (0:1), T,= 0.25g NPK and 2.50g pig dung (1:10), Ts= 0.30g NPK and
1.25g pig dung (1:4), T,= Control

This increase could be possible
because of more availability of nutrients and
their uptake which increased plant height, leaf
area and weight of dry matter, cob, grain,
chaff. Similar findings were also reported by
Tiwari and Parihar (1992), Ramesh et al.,
(1999), Gorttappeh et al., (2002), Saeed et al.,
(2002), who stated that organic manure alone
or in combination with synthetic fertilizers
significantly increased agricultural yield and
biological yield of crops against control. This
stem from the fact that both could be used to
increase the nutrient status of the soil and/or
reduce the acidity of the soil thereby making
exchangeable cations available to plants.

Comparatively T4 had higher significant
effect (P < 0.05) than Ts in the yield
components of maize namely cob, grain and
chaff. Thus T, (0.25t/ha N.P.K+2.5t/ha pig
dung) was recommended. This also had
positive  significant  effects on  the

physicochemical properties.

CONCLUSION AND
RECOMMENDATION

The study showed that the yield and the
yield components of maize were enhanced by
the application of a combination of pig dung
and NPK fertilizer mixture although there was
significant response on pig dung. The
application of organic and inorganic fertilizers
improved the physicochemical properties of the
soil when compared to the control.

Thus, the use of pig dung manure or in
combination with NPK inorganic fertilizer in
maize production especially in an ultisol
(sandy loam) is recommended rather than the
use of only NPK mixture.
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