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Soil fertility declines following continuous cultivation along with the use of fertilizers causing concern
for sustainable food productivity. This study assessed chemical properties of degraded Alfisol, and
also evaluated potential of organic residues and fertilizers in improving them. Soil samples (0 to 30 cm)
of degraded and fallow fields were collected and analyzed. One kilogram each of soil from degraded
field was weighed into incubation cups; mixed with NPK 15-15-15 (NPK), tithonia compost, poultry
manure, and Gliricidia sepium leaves, and their combinations at 120 kg N/ha incubated for six weeks.
Treatment without amendment was also included. After incubation, chemical properties of the soil were
determined. Thereafter, maize was planted for six weeks. Maize biomass and NPK uptake was
determined. Compared with fallow field, soil pH in the continuously cultivated plot declined by 12%
while total nitrogen, organic carbon, phosphorus, Zn, and effective cation exchange capacity (ECEC)
declined by 44, 55, 73.5, 83 and 70%, respectively. After incubation, organic residues or their
combinations with NPK had higher pH as compared with control. Incubation of tithonia increased
organic carbon, total nitrogen, ECEC, Ca, Mg and Mn than NPK alone by 12, 11, 16, 20, 11 and 7%,
respectively. Maize shoot weight, N and K uptakes were also improved with addition of tithonia as
compared to NPK and untreated control. Continuous cultivation reduced soil fertility levels.
Incorporation of tithonia compost was better than NPK in improving soil chemical properties and maize
growth.
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INTRODUCTION

In recent years, agricultural productivity in the sub- land use intensification consequently leading to
Saharan Africa (SSA) has declined drastically due to decreasing size of land available to a farmer, reducing
shortened fallow periods, increasing human population, soil fertility and crop productivity in the region (Odoemena
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et al., 2010).

This has made continuous cropping inevitable. As such,
soil nutrient depletion on smallholder farms as observed
by Sanchez and Leakey (1997) continuedthe cause of
low per capital food production in Africa. Problems of
declining soil fertility are wide spread in SSA, largely as a
consequence of continued cultivation of crops with low
levels of nutrient inputs (Zingore, 2011). With
intensification of cropping system, organic matter and N in
the soils are readily depleted, while phosphorus and
other nutrient reserves are slowly but steadily mined
(Tanimu et al., 2013). To sustain high crop vyields in
intensive crop production system, nitrogen fertilizer input
is required.

Soil fertility and crop productivity has been largely
sustained with the use of mineral fertilizer (Shen et al.,
2010). Additionally, soil organic matter content in term of
soil organic carbon and nitrogen diminishes as a result of
conversion of natural forest into arable crop production
(Osher et al., 2003).

To achieve high quality crop production and soil
productivity without degrading the soil properties under
long term use, appropriate management practices should
be adopted. Fertilizer is required at the low levels of soil
nutrients to reverse declining soil fertility (Olawale et al.,
2009). Although application of mineral fertilizers have
recorded increased crop yields. Research results showed
that continuous cropping within organic fertilizers alone
have impaired many soil properties (Yusuf and Yusuf,
2008). Therefore, the combined application of inorganic
fertilizer and organic residues has been proposed as a
more sustainable means of alleviating the soil fertility and
crop productivity constraints of the sub-Saharan Africa.

Nigeria is the 10th largest producer of maize in the
world and largest maize producer in Africa (USDA, 2010).
With continuous cropping and use of fertilizers, maize
yield have averaged at 1.36 tons ha™ in Nigeria. This is
about 20% of the average yield obtained in North
America and other intensive maize producing regions in
the world (Afolami and Fawole, 1991). Among the major
reasons for this low yield is poor soil fertility. Limitation of
nutrients in soils has led to a drastic decline in maize
yields in most small holder farms (Vanlauwe et al., 2006).

Agricultural output is fundamentally affected by soil
productivity (Liasu et al.,, 2008). Moreover, poor soil
management practices and the nature of tropical soils
account for heavy nutrient losses through soil erosion
and nutrient leaching (Hossner and Juo, 1999). This
decline in soil fertility has decreased farmland productivity
in most small holder farming communities (Amede, 2003).
The land used for the cultivation of arable crops at the
Teaching and Research Farm, Ladoke Akintola
University of Technology has been continuously
cultivated for >20 years with input of fertilizers, mainly
NPK compound fertilizer and Urea. Nevertheless, there
has been reduction in yield of crops (particularly maize)
over the years which may be attributed to loss of soll

productivity.

Therefore, assessment of the soil chemical properties
of the arable land compared with adjacent fallow
becomes imperative to suggest appropriate amendments
that have the potential to remediate the soil. The
objectives of this study were to:

(1) Compare the soil chemical properties in continuously
cultivated arable plot and adjacent fallow and

(2) Evaluate the potentials of organic residues in
improving soil chemical properties of the degraded land
and maize performance

MATERIALS AND METHODS
Site description

The research was carried out at the Teaching and Research Farm,
Ladoke Akintola University of Technology, Ogbomoso, Oyo State,
Nigeria. Ogbomoso is located on latitude 8°5' N and longitude 4°1’
E. The temperature ranges between 28 and 33°C with ~74%
relative humidity all year round. Rainfall is >1000 mm per annum.
The arable field had been cropped to maize/cassava intercrop for >
20 years. An adjacent fallow field was selected because it has
similar slope. The soils of the two sites were Alfisol (OxicPaleustalf)
derived from the residue of metamorphic rock (Basement Complex)
with no coarse fragments/stones up to 50 cm depth or rock
outcrops. The soils are well drained, and they are suitable for
arable crop production. The dominant weed species on the arable
plot were Tridax procumbens, Euphorbia heterophylla, and
Chromolaena odorata. The fallow field had shrubs, scattered trees
and C. odorata. Mineral fertilizers, particularly NPK 15-15-15
compound fertilizer and urea applied at the recommended rate for
maize in the zone; 120 kg N, 40 kg P and 80 kg K per hectare had
been used on the arable field and weeds had been controlled with
herbicides such as Atrazine, Paraforce, Glyphosate, etc.

Soil fertility assessment of the arable field

A non-replicated trial was conducted to assess the effects of >20
years continuous maize/cassava cropping on soil chemical
properties. Soil properties of the arable field under continuous
maize/cassava cultivation were compared with those of an adjacent
fallow field.

Soil sampling and analysis

Soil samples (0 to 30 cm) were randomly collected across the
arable and fallow fields using soil auger. The soil samples were
bulked to form composites. The samples were air dried and sieved
through 2 and 0.5 mm mesh sizes, and taken to the laboratory for
routine chemical analysis. Soil pH was measured with the glass-
electrode pH meter on 1:1 soil:solution mixture (Mclean, 1982). The
organic carbon was determined by Walkey-Black method (Black,
1965) and N was by regular macro Kjeldahl method (Bremmer and
Mulvaney, 1982). Available P was determined by the Mehlich
method (Mehlich, 1984) while the exchangeable cations were
extracted with 1 N NH4OAc solution. Calcium, Na and K were
measured with the flame photometer, and Mg and Zn were
determined on the atomic absorption spectro-photometeter (lITA,
1982). Effective cation exchange capacity (ECEC) was established
as the sum of the exchangeable cations, K, Na, Ca and Mg and H+
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Table 1. Effects of continuous cropping and fallowing on soil chemical properties.

Property Arable Fallow Arable vs. fallow % decrease
pH (H20) 6.70 7.60 12
Total N (g/kg) 0.41 0.75 45
Organic C (g/kg) 6.20 14.0 56
Mehlich P (mg/kg) 5.54 20.9 74
Zn (ppm) 6.41 37.79 83
Exchangeable cations (cmol (+) kg'l)

K 1.10 2.03 46
Ca 3.04 13.10 77
Mg 1.10 3.78 73
ECEC 4.23 18.98 78

expressed in ¢ mol(+) kg™ of soil (Tel and Hargerty, 1984).

Incubation study
Soil and organic residue preparation

The organic residues used were Tithonia diversifolia compost (TC),
Gliricidia sepium (GS) and cured poultry manure (PM). Fully
expanded medium-aged leaves of gliricidia were collected, dried at
65°C for 72 h, and ground to pass through 2 mm sieve. The cured
poultry manure was obtained from Poultry Unit, Teaching and
Research Farm, LAUTECH, oven dried, ground and analyzed for N,
P and K in the laboratory. Total P was determined by the
Vanadomolybdate method, K was determined by flame photometry,
N was analyzed by the micro-Kjeldahl procedure as described by
IITA (1982). Soil bulk samples collected from the arable field were
air dried and sieved to pass through 2 mm mesh. One kilogram of
air dried soil from the arable field was weighed into each incubation
cup (perforated at the bottom for free drainage and air movement).

Treatments and experimental design

There were nine treatments laid out in a completely randomized
design replicated three times. 120 kg N/ha applied as inorganic
NPK 15-15-15 fertilizer (NPK) or from organic residues GS, TC, PM
or combinations of NPK 15-15-15 and organic residues and a
control (no fertilizer). Nitrogen rate of 120 kg/ha was based upon
recommendation for maize/cassava mixture in the derived savanna
of Nigeria (FPDD, 1989). The ground organic residues and NPK 15-
15-15 fertilizer were thoroughly mixed with the soil in the following
amounts:

(1) 0.4 g NPK/kg soil (farmers' practice) (120 kg N, P and K/ha)

(2) 3.33 g TC/Kkg soil (120N - 47P - 58K in kg/ha)

(3) 1.36 g PM/kg soil (120N - 30P - 51K in kg/ha)

(4) 2.22 g GS/kg soil (120N - 6P - 57K in kg/ha)

(5) 0.2 g NPK + 1.67 g TC/kg soil (120N - 83P - 89K in kg/ha)

(6) 0.2 g NPK + 0.68 g PM /kg soil (120N - 75P - 85K in kg/ha)

(7) 0.2 g NPK + 0.56 g GS + 0.84 g TC /kg soil (120N - 74P - 89K in
kg/ha)

(8) 0.2 g NPK + 0.56 g GS + 0.34 g PM /kg soil (120N - 70P - 87K
in kg/ha)

(10) Control (No amendment)

Distilled water was added to each soil to bring it to field capacity.
The incubation cups were covered with double layer 0.05 mm thick

polyethylene film (to allow gas but not water exchange), and kept at
room temperature. At the end of the incubation period (6 weeks),
the incubated soil was sampled with the aid of an iron pipe
(diameter 24 mm), air dried and taken to the laboratory for routine
chemical analysis.

Maize growth on incubated soils

After the incubation period, the polyethylene films were removed
and the cups were arranged on a bench in the screen house. Three
maize seeds of an early maturing variety (Oba supa 2) were
planted per cup, and the seedlings were thinned to one at two
weeks after planting (WAP). Watering was done throughout the
experiment. Emerging weeds were hand pulled and left in the cup
to decompose. At 6 WAP, the shoots were cut at 2 cm above the
soil surface, while the roots were washed free of adhering soil by
carefully washing them under a running tap. The shoots and roots
were oven-dried in well labeled paper bags at 65°C for 72 h for dry
matter determination. The dry shoots were ground in micro-hammer
stainless steel mill using 2 mm mesh sized sieve prior to N, P, and
K chemical analyses in the laboratory. Nutrient uptake was
calculated by multiplying nutrient content (%) with corresponding
shoot dry weight.

Statistical analysis

Data were subjected to analysis of variance using statistical
analysis system (SAS) software (SAS, 2009), and Duncan Multiple
Range Test at P = 0.05 was used to separate means. Correlation
analysis among shoot and root dry weights, and nutrient uptake
(NPK) was performed using correlation of SAS.

RESULTS
Chemical properties of arable and fallow fields

Continuous maize/cassava cultivation for >20 years even
with external input of mineral fertilizers generally reduced
soil chemical properties compared with fallow field. Soil
pH declined by about 1 unit (11.8%). This change was
not as pronounced as for other properties. Total nitrogen,
organic carbon, and phosphorus declined by 45, 55 and
73.5%, respectively in arable field (Table 1). Among the
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Table 2. Nitrogen, phosphorus and potassium contents of organic residues.

Organic residue N (g/kg) P (g/kg) K (g/kg)
Gliricidia sepium 26.7 1.33 12.9
Tithonia compost 18.3 7.00 8.70
Poultry manure 44.0 11.1 18.6

micronutrients, Zn was the most affected with >80%
decrease. Effective Cation Exchange Capacity decreased
by 70%.

Nitrogen, phosphorus and potassium contents of
organic residues used for the incubation study

Poultry manure had the highest nitrogen (44 g/kg),
phosphorus (11.1 g/kg) and potassium (18.6 g/kg)
contents compared with G. sepium and tithonia compost.
G. sepium had the least P content while tithonia compost
had the least N and K contents (Table 2).

Chemical properties of arable soil after incubation
with mineral fertilizer and organic residues

Incubation of sole organic residues, NPK and their
various combinations (except NPK+GS+PM) significantly
influenced higher pH compared with the control (Table 3).
The highest SOC was observed with the application of
TC (7.80 g/kg) which was significantly higher than those
of NPK+GS+PM (6.30 g/kg) and NPK+PM (5.70 g/kg)
which had the lowest values (Table 3).

Other treatments were not significantly different from
each other. Significantly higher total nitrogen was
observed with the application of TC (0.42 g/kg) compared
with NPK+GS+PM (0.360 g/kg) and control (0.351 g/kg).
Other treatments were not significantly different.
Application of GS enhanced significantly the highest
available phosphorus (20.67 mg/kg), but not significantly
different from NPK, NPK+PM and NPK+GS+PM
treatments. The control (6.29 mg/kg), TC (8.27 mg/kg),
and NPK+GS+TC (8.41 mg/kg), had significantly the
lowest available P (Table 3).

NPK significantly increased exchangeable potassium
than TC, PM, NPK+TC, NKP+PM, NPK+GS+TC and
control (Table 3), but not significantly so when compared
with GS and NPK+GS+PM. The control had the lowest K.
TC increased Ca more than NPK which had the lowest
value.

Variations among other treatments were not
pronounced. The application of TC led to significantly the
highest soil Mg which was not significantly different from
PM and GS, while NPK+GS+PM had the lowest value.
Incubation of GS had the highest Zn (17.82 ppm) but not
significantly different from NPK+PM (13.46 ppm), NPK+TC

(12.04 ppm) and NPK (10.53 ppm), while NPK+GS+TC
had the lowest value (7.36 ppm) which was not
significantly different from NPK+GS+PM, control, PM,
TC, NPK, NPK+TC and NPK+PM.

Copper was the highest with NPK+PM (2.73 ppm) but
not significantly different from NPK+TC (2.42 ppm), while
NPK and NPK+GS+PM had the lowest value (1.39 ppm).
The highest level of Mn (49.75 ppm) was observed with
TC than NPK+PM and control. NPK+GS+TC was
significantly different from the control, others were not
significantly different from each other. TC significantly
increased ECEC than NPK, NPK+TC, NPK+PM and
NPK+GS+PM. Others were not significantly different
(Table 3).

Shoot dry weight (SDW) and root dry weight (RDW)

All amendments (except NPK, PM and GS) significantly
influenced higher SDW than control (Figure 1). NPK+PM
significantly enhanced RDW than others which were not
significantly different from each other except for NPK+TC
and NPK+GS+TC which had the lowest RDW (Figure 2).

Maize plant nutrient uptake

Nitrogen content of maize planted on soil incubated with
TC was significantly (P = 0.05) higher than others.
Similarly, TC significantly increased K over NPK, PM,
NPK+GS+TC and control (Table 4). NPK+PM had
significantly the highest RDW while the control had the
lowest.

Correlation analysis

There was positive relationship between the shoot dry
weight and N P and K uptake of maize. The root dry
weight was positively associated (p=0.01) with the P
uptake (Table 5).

DISCUSSION

Effect of continuous cultivation on soil chemical
properties

The rather generally low values observed for soil nutrient



Table 3. Soil chemical properties after amendment with organic residues and mineral fertilizer.
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Treat ¢ pH ocC TN Mehlich P K Ca Zn Cu Mn ECEC
reatmen (H:0) (g/kg) (mg/kg) (cmol(+)/kg) (ppm) (cmol/kg)
NPK 7.33% 6.97*  0.375% 18.30% 2.2° 2.79° 1.10 10.53% 1.39° 46.32%° 413"
TC 7.53% 7.80° 0.420° 8.27¢ 1.1° 3.48° 1.24% 10.29° 1.59% 49.75° 4.91%
PM 7.57% 750  0.412% 10.05% 1.0° 3.18%° 1.13% 9.82° 1.91% 47.10%° 4.50%°
GS 7.43% 7.60®  0.380% 20.69% 1.3% 3.27%° 1.14% 17.82° 2.16" 47.22%° 4.63%
NPK+TC 7.33% 6.80°°  0.394% 12.29p% 1.2° 3.07%° 1.03" 12.04% 2.42% 46.95%° 4.30°
NPK+PM 7.33° 5.70° 0.392% 17.49% 1.2° 2.95 0.99° 13.46% 2.73° 46.15™ 4.15°
NPK+GS+TC 7.50% 7.10% 0.400% 8.41¢ 1.1° 3.32% 1.08" 7.36° 1.70% 48.13%® 4.60%
NPK+GS+PM 7.03° 6.30"° 0.360° 16.46%° 1.3% 3.20%° 0.84¢ 7.92° 1.39° 47.17%° 4.26"
CONTROL 6.76" 6.90°°  0.420° 6.29° 0.9° 3.43% 1.02" 9.82" 1.49% 44.04° 4.62%
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Means in the same column with similar letter(s) are not significantly different from each other using DMRT at 5% probability level. *NPK = NPK 15-15-15 (120 kgN/ha) TC = Tithonia

Compost; GS = Gliricidia sepium; PM = Poultry manure.

contents of the continuously cultivated arable soil
despite record of receiving inorganic fertilizer
compared with fallow plot inferred that continuous
cultivation had negative impact on soil available
nutrient elements. This agrees with the findings of
Sue et al. (2004) and Majaliwa et al. (2010), who
observed that even short term cultivation is effect
on the availability of nutrient elements in the soil.
The observed low soil organic carbon and total
nitrogen which are very crucial to soil quality in
term of productivity corroborates the findings of
Heald (2009) and Ito (2012), who obtained the
lowest SOC and TN value for continuous maize
cultivation, compared with under fallow. This
observation further confirms the assertion of
Galeb (2012), who opined that soil organic matter
decreased under continuous cultivation, with or
without addition of organic and/or inorganic soil
amendments. Continuous cultivation as reported
by Teklay (2005), leads to breakdown of soil
aggregates by exposing the soil organic carbon
thus, increasing microbial attack and
mineralization. This may be the reasons why

continuous tillage results in loss of soil organic
carbon and nitrogen (Six et al., 2000). The
exchangeable bases values of the fallow soil were
higher than those of the cultivated arable soil; this
implies that cultivation reduced the concentration
of the exchangeable bases of these soils.
Lemenin (2004) and Khormali and Shamsi (2009)
also reported that intensive cultivation diminishes
available K content of soils.

Chemical properties of soil after incubation

The results demonstrated that organic residues
solely and in combination with mineral fertilizer
have a high potential for soil fertility improvement.
The increased soil pH observed agrees with the
findings of Cong and Merckx (2005) and Opala et
al. (2012) who reported that increase in soil pH
with the decomposition of organic residues
applied is due to nitrogen transformation and
release of metal cations.

Different mechanisms have been suggested to

explain the initial rise in soil pH when organic
residues are applied to soils. These include
oxidation of organic-acid anions present in the
decomposing residues, ammonification of residue
organic N, specific adsorption of organic molecule
produced during residue decomposition and
reduction reactions induced by anaerobiosis
(Haynes and Mokolobate, 2001).

The role of the sandy textural group of this soll
in conferring low buffering capacity to higher pH
values cannot be underestimated. Soils with
higher clay contents had been reported to resist
pH changes as a result of higher pH buffering
capacity (Anetor and Omueti, 2014).

Incorporation of organic residues increased
SOC. This is in consonance with the observation
of Kanwar et al. (2002), who reported that SOC
content increased more through the application of
organic manure than for mineral fertilizer. The
major parameters used in evaluating soil fertility
are SOC and TN which constitute the
heterogeneous mixtures of organic substances
(Huang et al., 2009).
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Figure 1. Effects of different fertilizer treatments on shoot dry weight of maize. Bars with similar letter(s)
are not significantly different using DMRT at 5% probability. *NPK = NPK 15-15-15 (120 kgN/ha). TC =
Tithonia Compost; GS = Gliricidia sepium; PM = Poultry manure.
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Figure 2. Effects of different fertilizer treatments on root dry weight of maize. Bars with similar letter(s) are
not significantly different using DMRT at 5% probability. *NPK = NPK 15-15-15 (120 kgN/ha). TC =
Tithonia Compost; GS= G. sepium; PM = Poultry manure.
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Table 4. Effects of different fertilizer treatments on shoot nutrient uptake of maize.

N P K
Treatment*
(g/plant)

NPK 0.62" 0.21° 0.71°
TC 1.80% 0.21° 1.85°

PM 0.68" 0.20° 0.80°
GS 0.83" 0.19" 1.08%°
NPK+TC 1.08° 0.28% 1.34%
NPK+PM 0.81* 0.342 1.33%
NPK+GS+TC 0.82" 0.24% 1.01*
NPK+GS+PM 1.07° 0.30% 1.33%
Control 0.34° 0.09° 0.50°

Means in the same column with similar letter(s) are not significantly different from each other using DMRT at
5% probability level. *NPK = NPK 15-15-15 (120 kgN/ha). TC = Tithonia Compost; GS = G. sepium; PM =
Poultry manure; SDW = shoot dry weight; RDW = root dry weight.

Table 5. Correlation matrix between the SDW* and RDW* and the nutrient uptake of maize plant.

Correlation N P K
SDW 0.83** 0.74** 0.86**
RDW 0.10™ 0.61** 0.15"
N - 0.47* 0.90**
P 0.47* - 0.57**
K 0.90** 0.57** -

ns: Not significant at p > 0.05, * and ** = significant at p < 0.05 and p < 0.01, respectively. SDW: Shoot dry

weight; RDW: Root dry weight.

There was an increase in TN with the application of TC
though not significantly different from when TC was
combined with NPK fertilizer; this is contrary to the
findings of Kolawole (2016), who observed a general
decrease of TN after incubation with tithonia compost.
The contradiction in the results may be due to differences
in crop residue quality and soils characteristics which
may influence nutrient release pattern of organic residues
added to the soil.

Phosphorus content was higher with organic residues,
especially GS. The increase might be due to high
microbial activity with addition of organic residues, which
might facilitate phosphorus cycling (Parham et al., 2002).
This agrees with the findings of Kolawole (2016) who
noted increase in available P after application of organic
residues. This is an indication of high percentage of
soluble P in the organic residue which falls above the
critical level of 0.25% required for net P mineralization
(Nziguheba et al., 1998). Higher soil ECEC content
observed with organic residues might be due to release
of cations with the decomposition of organic matter
similar to what was recorded by Yagi et al. (2003). There
were increases in Mn, Cu and Zn after incubation of
organic residues. These increases could be attributed to

mineralization from the organic residues. This shows that
organic residues are proficient source of these cations in
the soil system (lhenacho et al., 2015).

Maize growth and nutrient uptake

Understanding nutrient removal by a crop may provide
information for soil fertility management by comparing the
plant total accumulation to the application from all
sources. In the present study, application of TC increased
nitrogen uptake and dry shoot biomass. This can be
attributed to its higher nitrogen content which is higher
than the minimum critical value (0.11%) required for
Nigerian soils (Adepetu, 1990).

Barker (1997) had earlier reported that, for compost to
be described as having fertilizing capabilities and for it to
be used in agriculture, the total N content must be over
1% on dry weight basis. Improved yields with TC with
respect to higher shoot dry weight and N and K uptake
could be associated with the fast decomposition of TC,
leading to a rapid release of nutrients to the crop
(Nziguheba et al., 2000).

The positive relationship between the SDW and N, P
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and K uptake indicate that TC that enhanced higher SDW
would similarly support uptake of N, P and K in maize
plant. The positive correlation between the root dry
weight and P uptake suggest that treatment that support
good and healthy root growth will equally have a positive
influence on P uptake. Similar findings were reported by
Ali et al. (2002).

Conclusion

Continuous cultivation of arable crops even with the use
of external inputs of mineral fertilizers results in depletion
of soil nutrient elements in the long run. This makes
amelioration of the soil inevitable to improve soil fertility
and increase crop productivity. Application of organic
residues or in combination with mineral fertilizer may
have potential to restore lost nutrients. Tithonia compost
(6.6 tonnes dry matter per hectare) showed better
potential to ameliorate the poor soil fertility of the
degraded soil and improve maize growth and nutrient
uptake.
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