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ARTICLE INFO ABSTRACT

An evaluation of the productivity ol degraded allisols at Makurdl and Otobl, NI-
geria, using artificial desurfacing techniques (ADT) was carried out in 2012 and
2013 cropping seasons. The study was a split-split plot experiment arranged in a
Randomized Complete Block Design with three replications. The soil was desur-
facedat 0 — 5, 0— 10, 0 — 15, 0 — 20 cm and the undesurfaced soil, 0 cm (control)
depths. The restorative amendments were 9 t ha™ of poultry dropping as an or-
ganic source of manure, N:P,05:K,0 as an inorganic source of manure and zero
application as control. Soybean variety TGX [448-2E and maize variety, Oba
super II were used as test crop. Saturated hydraulic conductivity was significantly
(P = 0.05) lower at 20 cm (29.08 cm hr™"), but did not differ significantly at 0 to
10 cm depths. Soil pH of 5.58 was recorded at 0 cm depth and it decreased to
5.05 at 20 cm depth. Also, organic matter content (1.71 — 1.00 g kg™"), total nitro-
gen (0.12 —0.08 g kg™) as well as CEC (7.39 — 6.24 cmol kg ™) recorded a signifi-
cant decrease with increase in soil depth from 0 to 20 cm depths. Application of
poultry manure increased total porosity and saturated hydraulic conductivity as
well as organic matter content across desurfaced depths. Soybean number of
leaves was significantly (P = 0.05) reduced at 4, 7, and 10 WAP with increased
topsoil removal. The highest grain yield of soybean (1474 kg ha™") was recorded
on poultry manure treated plots which were significantly higher (p = 0.05) than
other treatments. Application of poultry manure caused 20 % soybean yield re-
duction at 5 depth, and a 56 % reduction at 20 cm depth.
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1.0. Introduction sion to the barest minimum, ensure the buildup of soil or-

The exacerbating loss of soil productivity due to soil deg-
radation is a significant concern for agriculturists in the
Southern Guinea Savanna of Nigeria, particularly in Be-
nue state that is regarded as the food basket of the nation.
Agricultural production constraint is associated with soil
degradation which is largely responsible for the loss of the
productive capacity of the soil as well as the ecological
wellbeing. Soil is a non-renewable resource on the human
time scale with its vulnerability to degradation depending
on a complex interaction among different factors and pro-
cesses which may be natural or anthropogenic over some
time (Lal 2015). The poor soil fertility problem is well
recognized as the main constraint to optimum crop yield
(Hilhorst et al., 2009). Conversion to the use of amend-
ments and strict compliance with recommended conserva-
tive practices are restorative measures that could reverse
the trend of soil degradation. The target is to reduce ero-
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ganic carbon, and enhance the activity of soil organisms as
well as improvement in the aggregate stability of the soil
structure (Lal 2015).

Recent studies have provided a roadmap to curb the poor
soil fertility challenge, which includes the supply of organ-
ic and/or mineral nutrients to the soil. The organic residue
is a primary source of plant essential nutrients which pro-
vide manure that is a source of energy that influences
many biological processes in the soil (Mulins et al., 2005).
The use of animal manure to improve the physical and
chemical properties of the soil as well as enhanced crop
productivity has been emphasized by several authors.
Poultry manure is considered to have fertilizing properties,
intermediate between mineral fertilizers and farmyard ma-
nure, and it has an appreciable residual effect (Woomer
and Swift, 1994).
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Hue (1992) also showed that poultry manure was very
effective in raising soil pH. He noted that poultry manure
(PM) is an excellent fertilizer containing nitrogen, phos-
phorus, potassium, and other nutrients. Its application in-
creases the organic matter content of the soil which could
improve soil structural stability, aeration as well as soil
moisture-holding capacity and infiltration. Ikombo (1984)
reported that the application of poultry manure at 8 t ha™
gave high and consistent yield close to that obtained by
applying 40 kg N and 17 kg P ha™ to maize and that resid-
ual effect was observed in the subsequent seasons. Most
small-scale farmers achieve a yield of soybean of about
500 — 1000 kg ha™ with good husbandry practices and
recommended varieties (Ajay et al., 2011). Low yield of
soybean in Nigeria can be attributed to the low level of
adoption of technology such as soil fertility management
strategies that would improve soybean production.
(Adekiya, and Ojeniyi, 2002).

The use of chemical fertilizer greatly ensures food security
because of its quick effect on making nutrients available to
crops. The nutrient content is higher in fertilizer than or-
ganic manures and nutrients and released almost immedi-
ately (Reddy, et al., 2002). However, farmers commonly
report that the long term use of synthetic fertilizers espe-
cially anhydrous ammonia leads to soil compaction and
poor tilth (Francis et al., 1990). Problems associated use of
chemical fertilizer include nutrient imbalance due to nutri-
ents not supplied, lack of technical knowledge of methods
of application and high cost for smallholder farmers, and
loss of organic matter (Agboola and Corey, 1973, Bationo
et al., 2006). A severe but often ignored means of acidifi-
cation of the soil is the application of mineral fertilizers to
crops (Ojeniyi, 1995). Nnadi and Arora (1985) reported
that virtually all conventional forms of nitrogenous ferti-
lizers including urea reduce soil pH when used continu-
ously on a piece of land. Despite these deficiencies in the
use of inorganic fertilizer, their use for crop production to
feed the ever-growing population cannot be ruled out be-
cause of some very critical roles it performs. According to
Omoti (1991), about 60 % of incremental food output
achieved in Nigeria in the recent past is attributed to the
use of soil amendments introduced into the systems. These
amendments have a very significant impact on crop pro-
duction in Nigeria, to the extent that in some parts of the
country crop production is not possible without their uses.
Therefore, to sustain food production in most rural com-
munities, the restoration of the productivity of these soils
is of great essence. This study was therefore carried out to
(I) assess the restorative ability of poultry manure or inor-
ganic fertilizers on an eroded soil and (II) determine the
loss in soil productivity due to topsoil removal.

2.0. Materials and Methods
2.1. The Study area

Benue State is regarded as the food basket of Nigeria due
to its immense agricultural resources. The State is a signif-
icant producer of yam, rice, sesame, soybean, sorghum,
maize, guinea corn, beans, cassava, groundnuts, and Bam-
bara nuts. Tree crops like oil palm, mango, orange, cash-
ew, etc also thrive very well in the State; and the state is a
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major supplier of fruits in the country.

The study sites were the Teaching and Research Farm of
the University of Agriculture, Makurdi, located between
latitude 7°40°N to 7°53°N and longitude 8°22°E to 8°35°E
at an elevation of 97 m above mean sea level, and the Na-
tional Root Crop Research Institute outpost, Otobi located
between latitude 7° 07N to 07°46’N and longitude
08°06’E and 0834'E at an elevation of 143 m above mean
sea level. Makurdi site is underlain by Makurdi sandstone
while Otobi is underlain by consolidated shales.

2.2. Experimental Design and land preparation

The experimental design was a 5 x 2 x 3 split-split plot
laid out in a Randomized Complete Block Design
(RCBD), replicated three times. The desurfaced depth con-
stituted the main plots, cropping systems (sole soybean,
and maize/soybean intercrop) constituted the subplots.
while soil amendments (zero application, inorganic fertiliz-
ers (NPK 20:40:20) and poultry manure at the rate of 9 t ha’
" constituted the sub-sub plots. The second-year planting
was carried out on the old plots.

A total land area of 63 x 37 m (2331 m*) was demarcated
and mapped out into net plots of 3 m x 3 m each at the two
designated sites. Topsoil loss was simulated by artificially
resurfacing the plough layer using spade at four depths (0
—5cm,0—10cm, 0 — 15 cm, and 0 — 20 cm). A fifth plot
was left undersurface (0 cm) which served as the control.
The plots were later cultivated into ridges using a tradi-
tional hoe. The experiment was repeated on the same plot
for the following season. Chemical properties of the poul-
try manure and application of amendments were according
to (Adaikwu et al, 2017).

2.3. Planting of crop

Soybean variety TGX 1448-2E which served as the test
crop was planted as sole crop and also intercrop with
maize variety Oba supper II in August for 2012 and
2013 seasons. Soybean seeds were planted by drilling and
later thinned to one plant per stand at a spacing of 75 cm x
5 cm after germination. Inorganic fertilizer was applied at
the rate of 20:40:20 Kg ha’! (N:P,O5:K,0) at 2 weeks after
planting (WAP). Weeding was done manually to mini-
mize soil disturbance.

2.4. Data collection and analysis
2.4.1. Soil data

A composite soil sample was collected from the bare soil
each representing the desurfaced depths and the control for
routine laboratory analysis before planting. Soil bulk sam-
ples were also collected from each plot based on the treat-
ment at harvest for the two cropping season for the same
routine analysis. The infiltration rates of the desurfaced
depths were measured using the double-ring infiltrometer.
while other physical properties of the soils such as the satu-
rated hydraulic conductivity (Ksat), gravimetric water con-
tent and porosity were measure using a standard procedure
(Udo et al., 2009).

2.4.2. Crop data

Soybean plant height, number of leaves, and number of



branches were measured at 4, 7, and 10 weeks after plant-
ing (WAP). Nodules biomass was determined at 8 WAP.
At harvest number of pods per plant and the net grain yield
were determined.

Data collected were analyzed using correlation and anal-
ysis of variance test (ANOVA) using SAS Statistical
software and significant means were separated using the
Ducan Multiple Range Test (DMRT).

3.0. Results
3.1. Meteorological data at Makurdi

The meteorological data for Makurdi gave the total annual
rainfalls as 1150.60 mm for the year 2011; 1492.80 mm
for 2012; 1287.80 mm for 2013 and 1266.60 mm for 2014
(Figure 1.) Whereas the mean annual minimum and maxi-
mum temperature for the periods were 21.71 and 33.02 Oc
(2011); 20.65 and 32.90 Oc (2012); 19.78 and 33.16 Oc
(2013) and 21.44 and 33.10 Oc (2014) (Figure 2).

3.2. Effects of artificial desurfacing technique on soil
properties before planting

The textural class of the soil at 0 to 20 cm depths before
planting in the two locations (Makurdi and Otobi) was
sandy loam, soil bulk density increased with increase in
the depth of topsoil removal whereas, total porosity de-
creased with topsoil removal (Adaikwu et al.; 2017). Soil
chemical properties such as total nitrogen and CEC de-
creased with depth at the two locations (Adaikwu et al;
2017).

3.3. Effect of artificial desurfacing techniques on physical
properties
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Topsoil removal, using artificial desurfacing techniques
significantly (P = 0.05) affected the physical properties of
the soil evaluated (Table 1). Soil total porosity and saturat-
ed hydraulic conductivity significantly (P = 0.05) de-
creased with an increase in topsoil removal. Meanwhile,
the gravimetric water content of the soil was significantly
higher (26.06 %) at 20 cm depth compared with the lowest
value (24.82 %) at 10 cm depth. Saturated hydraulic con-
ductivity of the soil was significantly lower at 20 cm but
did not differ significantly at 0 to 10 cm depths. Soil bulk
density decreased with an increase in the depth of topsoil
removal (Table 1). A pH of 5.58 was recorded at 0 cm
depth and it decreased to 5.05 at 20 cm depth. Other chem-
ical properties of the soil such as organic matter content,
total nitrogen as well as cation exchange capacity (CEC)
recorded a significant decrease as topsoil removal in-
creased from 0 to 20 cm depths. Table 1 further shows the
effect of cropping systems, nutrient amendments, and lo-
cations as well as cropping seasons on the physicochemi-
cal properties of the soil.

Application of poultry manure significantly reduced soil
bulk density increased total porosity as well as the saturat-
ed hydraulic conductivity compared with the application
of inorganic fertilizers. Likewise, the application of poul-
try manure enhanced soil organic matter content, total ni-
trogen, and the CEC of the soil compared with the use of
inorganic fertilizers (Table 1).

Soil bulk density, gravimetric water content, and saturated
hydraulic conductivity were significantly (p = 0.05) higher
at Otobi than the values obtained at Makurdi, likewise
organic matter content, and CEC (Table 1). The soil total
porosity, saturated hydraulic conductivity, and total nitro-
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Table 1. Effects of topsoil removal, cropping systems, soil amendments, locations and seasons on physicochemical properties of the

soil at harvest

Gravimetric

Bulk Water Saturated hydraulic ?II(-ICI)

density Porosity  Content conductivity oM N Avail. P CEC

@gem®) (%) (%) (cm hr™) (kg-1)  (kg-1) (mgkg!) (Cmol kg™
Depth of topsoil removal (cm)
0 1.32a 50.06d 25.34bc 40.90c 5.58¢ 1.7le  0.12c 5.21le 7.39d
5 1.34b 49.57¢ 25.61cd 38.87bc 5.52d 1.52d  0.10b  4.93d 7.03¢c
10 1.35¢ 49.38bc 24.82a 41.19¢ 5.36¢ 1.33¢  0.09  4.39¢ 6.63b
15 1.36¢ 49.13b 25.10ab 36.04b 526b 1.16b  0.09ab  4.13b 6.59b
20 1.40d 47.29a 26.06d 29.08a 5.05a  1.00a  0.08a 3.92a 6.24a
Std. Error 0.00 0.13 0.16 1.29 0.02 0.02 0.00 0.06 0.06
P. Value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cropping systems
SM 1.37b 44.69a 26.16¢ 37.35bc 541b  1.32a  0.09a 4.39a 6.81a
SI 1.35a 45.38b 24.8a 39.55¢ 529a 1.3la  0.10b 4.4la 6.76a
SS 1.35a 45.7b 25.2b 34.74a 537b  140b 0.10b  4.75b 6.76a
Std. Error 0.00 0.12 0.13 0.99 0.02 0.02 0.00 0.05 0.05
P. value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67
Soil amendments
ZA 1.39¢ 44.44a 25.89b 34.12a 53la  1.09a  0.08a 4.20a 6.03a
IF 1.38b 44.89% 25.94b 37.31b 53la  1.32b  0.10b  4.42b 6.76b
PM 1.30a 46.44c 24.33b 40.21c 545b  1.62¢c  0.11b  4.93c 7.54c
Std. Error 0.00 0.12 0.13 1.00 0.02 0.02 0.00 0.05 0.05
P. value (0.05) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Locations
Makurdi 1.33 50.14 20.17 41.38 6.09 1.21 0.11 4.40 6.69
Otobi 1.38 48.04 23.92 45.41 6.05 1.48 0.09 4.63 6.86
Std. Error 0.00 0.09 0.11 0.21 0.01 0.01 0.00 0.04 0.04
P. Value 0.00 0.00 0.00 0.00 0.00 0.00 NS 0.00 0.00
Seasons
2012 1.36 49.04 23.35 43.45 6.10 1.07 0.10 4.31 6.65
2013 1.35 49.14 20.73 43.34 6.05 1.62 0.10 4.73 6.91
Std. Error 0.00 0.09 0.11 0.21 0.01 0.01 0.01 0.04 0.04
P. Value 0.00 NS 0.00 NS 0.00 0.00 NS 0.00 0.00

Std. = standard error, P. value=probability value, SM=sole maize, MSI=maize soybean intercrop, SS=sole soybean, ZA=zero appli-

cation, [F=inorganic fertilizer, PM=poultry manure, NS= not significant.

Mean values in the same column followed by the same letter are not significantly different at P=0.05 (DMRT).

gen did not differ significantly between the two cropping
seasons (2012 and 2013), meanwhile, organic matter con-
tent, available phosphorus, and CEC were significantly
higher in 2013 than in the previous season (Table 1). The
interaction between topsoil removal and nutrients amend-
ments had a significant effect on soil physicochemical
properties (Figure 3). Application of poultry manure in-
creased total porosity and saturated hydraulic conductivity
as well as organic matter content across desurfaced depths.
However, the application of either poultry manure or inor-
ganic fertilizer at 15 and 20 cm depths did not improve the
organic matter content of the soil than zero application at 0
cm (undersurface) depth, likewise, saturated hydraulic
conductivity (Figure 3). Soil bulk density negatively corre-
lated with saturated hydraulic as well as total porosity
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(Table 2). While bulk density increases with an increase in
the depth of topsoil removal, saturated hydraulic conduc-
tivity and porosity decreased with increase in topsoil re-
moval.

3.4. Treatments effect on soybean growth and yield param-
eters

The removal of topsoil caused a significant reduction in
the growth parameters of soybean at Makurdi and Otobi.
Plant height, number of leaves, number of branches, pods
per plant, and nodules biomass per plant significantly de-
creases with an increase in topsoil loss.

At 7 and 10 WAP, soybean height decreased with an in-
crease in topsoil removal (Table 3). Also, the soybean
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Table 2 Pearson’s correlation matrix of the physical properties of the soil

BD 4 BD 6 BD 8 Grv4 Grv 6 Grv8 P4 Po6 P8 Ksat 4 Ksat_6 Ksat_8
WAP WAP WAP WAP WAP WAP WAP WAP WAP WAP WAP WAP

BD 4 WAP 1

BD 6 WAP 0.567" 1

BD 8§ WAP 0.413" 0.455™ 1

Grv 4 WAP 0.514" 0.381" 0.203" 1

Grv 6 WAP 0.434™ 0.447" 0.180"  0.6317 1

Grv 8 WAP 0.451™ 0.462" 0.382"  0.5557 0.596" 1

P 4 WAP -0.855™  -0.554™ 0372 -0.527"  -0.450" 204657 1

P 6 WAP -0.510™  -0.822™  -0.385"  -0.3877  -0413"  -0436" 0518 1

P 8 WAP -0.400™  -0.469"  -0.847"  -0.2277  -0213"  -0414" 04127  0460" 1

Ksat 4WAP  -0.397"  -0.359™  -0.540"  -0.114"  -0.052 -0.198™ 0364 02877  0518” 1

Ksat 6WAP  -0.141"  -0.180"  -0.219"  -0.085" -0.075 -0.092°  0.1377  0.145™ 0209  0270" 1

Ksat SWAP  -0.130"  -0.035 -0.226™  0.055 0.086" 0.063 0.096" 0.019 0211" 0483 0.277" 1

Ksat= Saturated Hydraulic conductivity, Grv= Gravimetric water content, P= total Porosity, WAP= weeks after planting

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

number of leaves was significantly (P = 0.05) reduced at 4,
7, and 10 WAP with increased topsoil removal. The high-
est grain of soybean (1522 kg ha™") was recorded at 0 cm
depth and decreased significantly with a depth of topsoil
removal (Table 3). Cropping systems had no significant
effect on soybean plant height, numbers of pods per plant,
and nodules biomass per plant. However, sole soybean
plots had a significantly higher grain yield (1071 kg ha™)
compared with the intercrop plots (Table 3).

The application of nutrient amendments caused significant
changes in the growth and yield parameters of soybean
evaluated (Table 4). Plots treated with poultry manure
were significantly higher in height, number of leaves per
plant as well as numbers of branches per plant. Likewise,
the highest grain yield of soybean (1474 kg ha™) was rec-
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orded on poultry manure treated significantly higher plots
(p = 0.05) than the values obtained from plots treated with
inorganic fertilizers and the control (Table 4). Further-
more, at 7 and 10 WAP, soybean plant height was signifi-
cantly higher at Otobi than at Makurdi, but the numbers of
branches and grain yield recorded higher values at Makur-
di than at Otobi. For cropping seasons, plant height was
not significantly different at 4 and 7 WAP for the 2012
and 2013 cropping seasons likewise the grain yield (Table
6). The number of pod per plant was higher in 2012
(69.89) than in 2013 (57.07) and also the number of leaves
at 10 WAP (Table 4).

The interaction effects of topsoil removal and amendments
on the overall mean values of soybean grain yield for the
two locations (Makurdi and Otobi) and cropping seasons
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(2012 and 2013) indicate that application of poultry ma-
nure ranged between 2095 — 924 kg ha'at 0 — 20 cm
depths, while inorganic fertilizer ranged between 1495 —

620 kg ha™'at 0 — 20 cm meanwhile, the zero application
(control) ranged between 975 — 270 kg ha’ at 0 — 20 cm
depth (Figure 4). Furthermore, the interaction effect of

Table 3: Comparative mean values of soybean Growth and Yield parameters as affected by the Depth of topsoil removal in the Southern Guinea

Savanna of Nigeria

Grain
Plant Height (cm) Number of Leaves per Plant No. Brnc/PIt NDB/PLT .

Depth (cm)  y\wap 7WAP 10 WAP 4WAP 7WAP 10 WAP  1owap  No-PodsPlt :g‘el:g_l
0 17.30b  40.65d  56.24e 24.40d  56.60e 83.65¢ 25.50e 83.72¢ 0.86d 1522¢
5 17.25b 37.20c 50.99d 25.07d  52.42d 74.63d 21.71d 76.76d 0.80d 1106d
10 17.40b 35.48b  46.24c 20.83c¢ 45.57c 67.60c 19.47¢ 59.81c¢ 0.56¢ 933c
15 16.46b 35.10b 43.99b 19.36b  41.53b 63.29b 16.38b 52.39b 0.48b 769b
20 13.94a 31.04a  38.87a 16.44a 37.33a 54.60a 14.36a 44.74a 0.27a 614a
Std. Error 0.32 0.5 0.58 0.39 1.24 1.13 0.38 1.81 0.02 23.95
P. value (.05) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CRS
ST 16.54 36.32 46.84 22.12 44.96 66.93 19.09 63.47 0.6 907.63a
SS 16.4 35.47 47.69 20.33 48.42 70.57 19.87 63.49 0.58 1071b
S.E 0.2 0.32 0.37 0.25 0.79 0.72 0.24 1.15 0.02 15.15
P.value NS NS NS 0.00 0.00 0.00 0.02 NS NS 0.00

N=number of entries, WAP=Weeks after Planting, Brnch/Plt=branches/plant, NDB/Plt= Nodules Biomass/plant. Mean values in the same column
followed by the same letter are not significantly different at P=0.05 (DMRT).

Table 4: Comparative mean values of soybean growth and yield parameters as affected by the cropping systems and nutrients amendments in the

Southern Guinea Savanna of Nigeria

. No. Grain
Plant Height (cm) Number of Leaves per Plant Brach/Plt Yield
4 7 10 4 7 10 10
No. Pods/Plt ~ NDB/Plt (mg) kgha
WAP WAP WAP WAP WAP WAP WAP
Soil amendments
ZA 14.48a 27.37a 33.83a 15.63a 32.73a 45.48a 10.28a 32.52a 0.16a 516.69a
IF 15.68b 35.13b 46.41b 18.03b 44.98b 63.34b 19.76b 64.89b 0.55b 976.84b
PM 19.25¢ 45.18¢c 61.55¢ 30.01c 62.35¢ 97.43¢ 28.41c 93.04c¢ 1.06¢ 1474.00c
Std. Error 0.25 0.39 0.45 0.3 0.96 0.88 0.3 1.41 0.02 18.55
P. value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Locations
Makurdi 16.39 32.62 45.44 23.23 46.63 67.85 21.36 64.06 0.57 1015
Otobi 16.55 39.17 49.09 19.22 46.75 69.66 17.61 62.91 0.61 963.79
Std. Error 0.2 0.32 0.37 0.25 0.79 0.72 0.24 1.15 0.02 15.15
P. value NS 0.00 0.00 0.00 NS NS 0.00 NS NS 0.02
Seasons
2012 16.26 35.58 46.34 20.86 41.35 70.84 18.67 69.89 0.77 1008
2013 16.68 36.21 48.19 21.58 52.03 66.66 20.3 57.07 0.41 970
Std. Error 0.20 0.32 0.37 0.25 0.79 0.72 0.24 1.15 0.02 15.15
P-value NS NS 0.00 0.04 0.00 0.00 0.00 0.00 0.00 NS

CRS= cropping systems, SI=Soybean intercrop, SS=sole Soybean, SE=Standard Error of means, Amnd=Amendments, ZA= Zero application, IF =
Inorganic Fertilizer, PM=Poultry Manure, Brnch/Plt=branches/plant, NDB/Plt= Nodules Biomass/plant. Means followed by the same letters within
a column are not significantly different at P=0.05 (DMRT).

topsoil removal and nutrient amendments shows that the
application of poultry manure caused 20 % soybean yield
reduction at 5 depth, and also 29, 32, 41, and 56 % reduc-
tion at 10, 15 and 20 cm depths respectively (Figure 5).
Whereas the application of inorganic fertilizer caused soy-
bean yield reduction of 29 % at 5 cm depth as well as 40,
47, and 59 % at 10, 15, and 20 cm depths of topsoil re-
moval. Meanwhile, soybean yield loss on the control plots
(zero application) ranged between 41 % at 5 cm to 72 % at
20 cm depth (Figure 5).
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4.0. Discussion

The grain yield response of soybean to soil amendments
during this study was in the order of poultry manure higher
than inorganic fertilizer greater than zero application. This
could be attributed to the ability of poultry manure to im-
prove the physical and chemical properties of the soil. The
stabilizing effect of poultry manure on soil physical prop-
erties could have accounted for the higher values of satu-
rated hydraulic conductivity and total porosity obtained
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Figure 5: Mean grain yield reduction of soybean due to interaction between topsoil removal and nutrient amendments

with low bulk density compared with other treatments
likewise, the increase in soil organic matter content and
CEC could have improved the agronomic performance of
soybean under poultry manure application compared with
other treatments. Several studies have established the ad-
vantage of poultry manure over inorganic fertilizer to im-
prove the physical properties of the soil and the agronomic
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performance of crops and grain yield. Poultry manure ap-
plications ranging from 10 to 50 t ha™'improved moisture
availability in soil and reduced soil bulk density which
resulted in improved nutrient availability, growth, and
yield of tomato (Rahman, 2000, Ewulo, 2005, Daudu et
al., 2005). According to Adekiya and Ojeniyi (2002), N, P,
K, Ca and Mg uptake by Tomato plant were significantly
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reduced due to increase in the bulk density of the soil,
therefore, application of poultry which caused a reduction
in soil bulk density and improvement in other soil physical
properties could as well enhance nutrient uptake by the
plant.

The decrease in the growth and yield parameters of soy-
bean with an increase in topsoil removal observed in this
study could be attributed to the loss of essential soil nutri-
ents such as soil organic matter content, CEC, and ex-
changeable cations with depth. This may have explained
why the 0 cm depth gave higher values of the growth pa-
rameters for two seasons at the two locations. And on the
contrary, at higher depth of topsoil removal, the high val-
ues of soil bulk density and low porosity and saturated
hydraulic conductivity increased soil compaction and re-
duced the size distribution of its pores with a consequent
reduction in the growth parameters of the soybean. Low
values of bulk density and consequent high values of total
porosity and saturated hydraulic conductivity are associat-
ed with well-structured soil and contiguous pores as well
as high water holding capacity; they allow high infiltration
rates and rapid drainage (Marshal et al., 1996). Further-
more, soil hydrologic properties such as infiltration rates
and hydraulic conductivity were significantly improved
with the application of poultry manure (Diana et al.,
2008). Jiao et al. (2006) observed increased water-stable
aggregate of sandy soil with an application of 30 t ha™ of
cow dung. This implied improvement of the soil structure,
which might have positive effects on water retention ca-
pacity. Mubarak et al. (2009) observed that there was a
decrease in water movement in sandy soils amended with
organic residues. This offers a better chance for crops to
absorb water and nutrients instead of nutrients being
leached down rapidly.

From the interaction between topsoil removal and nutrient
amendments, it is indicative that the application of poultry
manure gave lower yield reduction that is, higher yield
advantage at each desurfaced depth compared with other
treatments. This implies that application 9 tons per hectare
of poultry manure could improve the productivity of de-
graded soils under soybean production than the application
of inorganic fertilizer at the rate of NPK 20:40:20.

The grain yield of soybean was significantly (p = 0.05)
affected by the cropping systems. Growing soybean as
sole crop improved its agronomic performance than where
it was intercrop with maize. This may be due to more nu-
trients available to the plant and less interspecific competi-
tion under sole cropping compared with higher competing
needs of nutrients by the crops in the mixture. The reduc-
tion in yield of soybean in the intercrop may be attributed
to interspecific competition for resources and depressive
effect of maize crop (Nnoko and Doto, 1980; Francis et
al., 1982, Assefa and Ledin, 2001 Muoneke et al., 2007).
Ezuma et al., (1987) reported a 55 % to 61 % and 40 %
and 55 % reduction of cowpea yield when intercropped
with maize.

5.0. Conclusion

This study was carried out to evaluate the restorative abil-
ity of artificially desurfaced soil using poultry manure and
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inorganic fertilizer under soybean production. Soil physi-
cal and chemical properties were evaluated before and
after planting, growth, and yield parameters of soybean
were measured over time.

Application of 9 t ha” of poultry manure increased soil
organic matter content, improved soil physical properties,
causing an increase in saturated hydraulic conductivity and
total porosity with a consequent reduction in soil bulk den-
sity which resulted in improved nutrient availability,
growth, and yield of soybean compared with other treat-
ments across the desurfaced depths.

The grain yield response of soybean to soil amendments
during this study was in the order of poultry manure higher
than inorganic fertilizer higher than zero application.

From the interaction between topsoil removal and nutrient
amendments, it is indicative that the application of poultry
manure gave lower yield reduction that is, higher yield
advantage at each desurfaced depth compared with other
treatments. This implies that application 9 tons per hectare
of poultry manure has a higher restorative ability on de-
graded soils under soybean production than the application
of inorganic fertilizer at the rate of NPK 20:40:20.
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