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Abstract: The impacts of eight soil fertility management practices in optimizing the growth and yield of
promiscuous soybean varieties were evaluated in two-year field trials in Abakaliki, Nigeria, a non soybean zone.
Soil test before and after planting showed a pH of 5.50 and 5.85 and high available P. Poultry manure
significantly (p<0.05) had more impact on the seedling emergence (71.1%), plant height plant  (39.59 cm), the1

girth size plant  (1.27 cm), number of branches plant  (3.13), number of nodules plant  (25.25), number of1 1 1

pods plant  (106.2), weight of pods plant  (39.78 g), number of seeds plant  (209.80) and weight of seeds1 1 1

plant  (23.68 g) than other treatment options. Wood ash was next to poultry manure, followed by lime, urea,1

NPK (15:15:15), muriate of potash, single super phosphate and the least was the control. Poultry manure and
wood ash are both affordable and available low-external inputs with high potentials for improving the soil
fertility and soybean production optimization in this zone, hence, highly recommended as veritable tool for the
resource-constrained smallholder farmers to transform soybean production and the soil fertility status in this
area.
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INTRODUCTION fixing more than 250kg N/ha in 50 days [5, 6]. It is also a

Due to some reasons, Abakaliki is simply described protein and oils.
as an area with no history of soybean cultivation by [1]. Over the years, several species of legumes were
However, as the need for more food to feed the teeming screened and adopted for inclusion into the farming
population rises and crop production pushes into systems for soil fertility improvement and restoration.
marginal areas leading to quick dwindling of crop yields, None has attracted the acceptance and inclusion expected
arising from severe reduction in soil fertility through like soybean among smallholder farmers. This crop with
continuous cultivation without replenishment by the highly desirable nutritional profile has become the
smallholder farmers because of non affordable high-cost dominant crop in world commerce and the most important
inorganic fertilizers. There is a strong need for a paradigm supplier of high quality edible vegetable oil (20%) and
shift to a more sustainable alternative soil fertility superior protein (40%), with Carbohydrate/soluble sugars
management system. Soybean (Glycine max (L.) Merrill) (35%)  and  ash  (5%) as human food and feed for animal
is a versatile species of the grain food legume [2]. A [7, 8]. Brazil with 59.9 million tons is second to USA (80.5)
vigorous soybean plant in association with efficient and in the World and she saves over US$ 2.5 billion yr  in
effective native Rhizobium population under favourable terms of N-fertilizer from biological nitrogen fixation
environmental conditions [3] is a veritable benchmark technology [9], thus soybean could satisfy the nitrogen
nitrogen fixer (fixing up to 180 kg N ha ) of which 80% is needs of smallholder farmers [10], while the fragile system1

harvested as beans [4], second only to Sesbania rostrata is conserved  economically  and  ecologically  [11, 12, 13].

quality food legume noted for its rich source of valuable
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It is able to fix adequate atmospheric N to produce yields the farm gate [25, 26]. Incidentally, the tropical soils in
of 3000-4000kg /ha, if nodules formed well. Inoculation Africa do not respond well to some of the temperate
reduces soybean nitrogen requirement, which is one farming practices like heavy use of fertilizers, herbicides
kilogram of nitrogen for every eleven kilogram of seed and pesticides [27], but even in those countries the
produced [14] and one ton of soybean seed removes 60kg realization is growing that this form of agriculture is not in
of N by the plant, or about 270kg N for a three-ton seed fact sustainable even in the loosest sense of the word, as
crop, but where inoculation is poor N fertilizers should be problems arise from diminishing supply and increasing
applied at the same rate as maize [15]. Nitrogen deficiency costs of the inputs with the need to constantly increase
results in reduced chlorophyll development (leaf colour inputs in order to maintain steady yields as natural soil
becomes pale-green), the growth and the yield of the fertility declines and their residual effects on the
plants. It was found that to produce a ton of soybean environment persist [28]. The major challenge is therefore
grains, the following elements will be required: 65kg N, the promotion of a balanced and efficient use of plant
11kg P 0  20kg K 0, 4kg Mg0, 4kg Ca0, 2kg S, 110kg Fe, nutrients from both organic and inorganic sources at farm2 5, 2

33kg Mn, 43kg Zn, 16kg Cu; 16kg B, 6kg Mo [16]. and community levels to intensify agriculture in a
There is a growing concern now all over the sustainable manner in an overpopulated world [29, 30].

continent of Africa over the decline in the productive Population growth is leading to restricted access to
capacity of its soil resources due to dwindling soil fertility good agricultural land in regions where land area per
with continuous cultivation and with the withdrawal of capita is continually decreasing, occasioned by land
subsidies on chemical fertilizers and its consequent high grabbing [31], yet it is in these regions where the demand
cost, there is an urgent necessity for cheaper and for agricultural products is continually rising [32] and
sustainable approaches to maintaining soil fertility in consequently requiring land use intensification and
Africa that are energy-efficient, economically viable, increased demand for land to cultivate food crops to avert
environmentally and ecologically friendly and socio- hunger, thereby adding severe pressure on soil
culturally acceptable in the long term [17]. Indeed, productivity making most soils lose their fertility quickly
agricultural productivity has actually declined over the [33, 34, 35]. A strong nexus between soil fertility
past 45 years in many African countries which has been management and demographic forces is supported by
blamed on persistent soil degradation [18] and soil fertility Knapp [36] who observed that soil as a resource for
depletion which Sanchez observed is the fundamental mankind will be the first to be totally used up of all the
cause of low per capita food production among world’s resources, with the world population increasing
smallholder farmers in Africa who remove huge amounts annually by 2 percent.
of nutrients from the soil with harvests without returning The smallholder farmers in Africa who produce most
any at the rate of 22 kg N, 2.5 kg P and 15 kg K ha  over of the developing world’s foods managed the soil fertility1

the past 30 years in 37 African countries [19]. However, sustainably, accommodating the changes in the natural
where they apply fertilizers at all, very little as low as less environment within the culture and agriculture of their
than 20 kg ha  was used a figure strikingly lower than the specific geographical areas until the rapid changes in1

present  United  Nations’  recommendation  of   at  least population growth during the 20  century [37].
200 kg ha  common in European agriculture [20, 21]. An Consequently, the traditional shifting cultivation1

average of 23 kg ha  is consumed in Nigeria [22] which acclaimed to be ecologically stable and biologically1

is below the 1992 world average of 86kg ha . Despite its efficient and suitable for the fragile tropical soils with1

importance, the reduction of subsidy during the economic inherent resilience, was no longer feasible, as the fallow
depression and its subsequent complete removal affected periods continued to decrease due to increased pressure
the quantity purchased, cost per bag and consequently on land resulting in reduced crop yields [38], demanding
consumption rate fell below the world average as a result. a more technical farming system than ever for sustainable
NAFCON [23, 24] reported in 1991 that the quantity of food production [39]. Currently 1.9 billion hectares of land
fertilizer purchased reduced while the official price per bag is affected by significant land degradation [40], at the
increased by 116.4% over the price in 1990 in Nigeria. same time the earth is predicted to host more than 9 billion

In global agriculture, soil fertility is maintained people in 2050 with a dismal estimate of 5 million births
through inorganic fertilizer application, but it costs two to every 10 days as against the present 6.8 billion people
six times more in Africa than anywhere else in the world at [41].

th
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Table 1: Categorization of soil fertility status and interpretation of the rain forest agro-ecology
Category Total N (%) Available P (Bray-2, mg/kg) Exchangeable K (Cmol/kg) % Organic matter
Low <0.15 <15 <0.20 <2.0
Medium 0.15-0.20 15.0-25 0.20-0.40 2.0-3.0
Adequate >0.20 >25.0 >0.40 >3.0
Source: National Root Crops Research Institute, Umudike, Nigeria, Soil Laboratory

Meeting the millennium development goals (MDGs), Therefore, the objective of this experiment was to
particularly those of hunger and environmental determine the impact of eight soil fertility management
sustainability would fail by the persistent yawning gap practices on the growth and yield of some soybean
between  food  production and population growth [29]. varieties in Abakaliki, Southeastern Nigeria.
The obverse  of  this is that no country has ever shaken
off poverty or broken the bounds of low productivity MATERIALS AND METHODS
without ensuring adequate soil fertility [42]. Soil
productivity hinges on good soil conditions, energy flow, Site Description: The experiment was carried out on the
post-harvest, fertility and water management and research farm of Faculty of Agriculture and Natural
integrated plant nutrition systems [43]. Reports of Resources Management, Ebonyi State University,
declining food production due to declining soil fertility Abakaliki, Southeastern Nigeria, lying on latitude 06° 19´
and cultivation of marginal zones are expressed by 407´´ N and longitude 08° 7´ 831´´ E at an altitude of about
Dresrusse [44] and Magen [43]. The soil study and 447 m above sea level with a mean annual rainfall of about
fertility interpretations of Southeastern Nigeria 1,700 mm to 2,060 mm spread between April and October.
categorized the soil fertility status (Table 1) as a guide for The maximum mean daily temperature is between 27°C to
fertilizer requirements and application needs for good crop 31°C with abundant sunshine and a high humidity all
yields. through the year. The soil is shallow with unconsolidated

Alfisols are extensively found and intensively used parent materials (shale residuum) within 1m of the soil
for agriculture in the tropics comprising 18% of the surface, described as Eutric leptosol [51]. Soil samples
tropical land area occurring most in areas with rainfall from the experimental plot were collected and analyzed
1,600 mm or less in West Africa [45]. Crop yields on before planting and after harvesting in 2008 and 2009
Alfisols are not only low but also unstable owing to planting years. 
climatic variability, low cations and 35% base saturation.
But they are amenable to improvement with appropriate Land Preparation: Clearing and raised-bed making were
soil water and crop management systems [46]. In highly manually carried out. Clearing was essentially slashing of
acid soils, liming or adding animal manure can raise the pH new weed flushes resulting from the usual annual
and increase the availability of phosphorus of which its uncontrolled bush fire to which the research plots were
shortage is the most common problem of legumes. In most often subjected to. Lime, wood ash and poultry manure
soils, the only option is adding phosphorus 20 to 30kg per were applied to the designated plots resulting from
hectare which is by far the most effective means. numbered paper card randomization technique, at the time
Shortages of calcium and magnesium common in depleted beds were made. Two weeks were allowed for poultry
soils are often associated with soil acidity, which is a manure, lime and wood ash to react with the soil after one
widespread problem in the tropics [47], while aluminum or two rains have fallen before seeds were sown. 
toxicity can be overcome with small amounts of lime.
Magnesium tends to be increasingly available to plants at Seed Sowing: Two seeds were sown after mild loosening
pH <5.5, while high aluminum levels are apparently no of the soil surface with a hand fork to enable the seeds
longer toxic to plants once nodules have formed. Nitrogen germinate and emerge without obstruction at plant
is  the  most important nutrient limiting plant productivity spacing of 30 cm x 15 cm (inter- and intra- rows
in  the  tropics  [48, 49] and is replenished in many respectively) sown at a depth of about 2-3cm.
cropping systems through the growing of green manures
(living crops whose primary purpose is to add N, organic Plot Maintenance: Weeds were manually removed as the
matter (manures) and bio-fertilizers) to maintain soil need arose in each year, up to 3 times during which
fertility and soil productivity while reducing dependence earthen was carried out on the plants to prevent lodging
on non-renewable resources [50] by farmers [21]. and pods from touching the ground.
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Design and Treatment Application: The experiment was
an 8 x 6 factorial arranged in a randomized complete block
design (RCBD) replicated four times. Factor A was eight
soil fertility management practices; lime (CaCO ) at 10 tons3

ha , wood ash at 10 tons ha , poultry manure at 20 tons1 1

ha , single super phosphate (SSP) at 40 kg ha , urea (N)1 1

at 20 kg ha , NPK (15:15:15) at 40 kg ha , muriate of1 1

potash (MOP) at 30 kg ha  and a control), while factor B1

was six soybean varieties: three early maturing varieties
(TGx 1876-4E, TGx 1485-ID, TGx 1903-7F) and three
medium  maturing  varieties (TGx 1908-8F, TGx 1904-6F,
TGx 1844-4E), from the promiscuous series (naturally
forming nodules without inoculation) bred by the
International Institute of Tropical Agriculture (IITA),
Ibadan. The fertilizers and the lime were sourced from
Ebonyi State fertilizer blending plant, Onuebonyi, Izzi
Local Government Area. Wood ash was collected from a
bread bakery, Nora Foods Industries (Enugu-Ngwo)
Enugu State. Poultry manure was obtained from the
Department of Animal Science, Ebonyi State University,
Abakaliki, Ebonyi State. 48 treatment combinations were
planted out in 192 plots of 1m x 1m size separated from
one another by 0.5m, while each block (replicate) was
separated by 1m pathways. Each plot contains three rows
of six plant stands (18 plant stands per plot) out of which
four innermost plants from the innermost row of the plots
consisted the observational unit from which the following
growth and yield parameters were measured: percentage
emergence at 6 days after planting (DAP), number of
branches per plant at harvest, number of leaves per plant
at flowering, leaf area (cm ) per plant at flowering, plant2

height (cm) at harvest from ground level to the apex, girth
size (cm) measured with a caliper, number of nodules per
plant, number of pods per plant at harvest, weight of pods
(g) per plant and per hectare (tons/ha), number of seeds
per plant after shelling, weight of seeds (g) per plant, 1000
seeds weight (g).

Statistical Data Analysis: All data collected were
subjected to analysis of variance (ANOVA) using a
statistical tool, the GenStat Release 7.22 DE (Copyright
2008). Treatment means were separated using Fisher’s
least significant difference (F-LSD = LSD) as described by
Obi [52] to identify significant treatment effects in the
experiment.

RESULTS AND DISCUSSION

The soil test carried out before and after each year’s
experiment showed that the pH values before planting
was  similarly  acidic in water solution (5.50) in both years,

Table 2: Some soil physical and chemical properties of the experimental area
before planting and after harvesting

2008 2009
--------------------- ----------------------

Chemical analysis Before After Before After
pH (H O) 5.50 5.55 5.50 5.852

% Total N 0.14 0.18 0.15 0.20
Available P mgKg 20.00 22.11 19.00 24.571

% Organic carbon 1.64 1.01 1.29 1.12
% Organic matter 2.83 1.74 2.22 1.93
Exchangeable cations (cmol-kg )1

Calcium (Ca) 3.00 2.75 2.60 2.36
Magnesium (Mg) 1.60 1.65 1.70 1.72
Potassium (K) 0.13 0.15 0.16 0.18
Sodium (Na) 0.21 0.20 0.20 0.20
Soil particle analysis (%) 
Sand 64.50 63.50 65.00 64.60
Clay 25.00 25.00 26.00 25.50
Silt 11.00 11.02 11.01 11.04
Texture Sandy loam sandy loam sandy loam sandy loam

while it rose to 5.55 and 5.85 in 2008 and 2009 respectively
after harvesting (Table 2). High available phosphorus (P)
was observed in the area before planting (20.00 mg Kg 1

in  2008  and  19 mg  Kg  (2009) and after harvesting1

(22.11 mg Kg  in 2008 and 24.57 mg Kg  in 2009) which1 1

showed that the application of limes and phosphorus
improved their availability [53, 21, 54]. Soil test for
optimizing input use, sustainable agricultural productivity,
improved rural livelihood in the face of declining soil
productivity is advocated in view of the rapid population
growth [54, 55]. The high amount of available P before
planting may have led to the non significant impact of P.
Elliot et al. [57] reported that P tends to move down hill
across the field and is less likely to leach vertically into
the ground water. Inorganic fertilizers have the advantage
of delivering nutrients more readily and directly to plants
but are prone to leaching, burning of seedlings by
desiccation and builds up toxic concentrations of salts
that can create chemical imbalances. All fertilizers applied
should provide easily available plant nutrient forms on
soils which are highly leachable and low in organic matter,
therefore, K 0 should be applied preferably in the sulphate2

form.
Analytical laboratory of the National Root Crops

Research Institute (NRCRI), Umudike with soil samples
collected at 15cm and 30cm depths (bulked) and air dried
before the analysis. 

Growth and Yield Parameters: The impacts of eight soil
fertility management practices on the growth and yield
parameters  (number  of  branches,  percentage emergence
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Table 3: The main effects of soil fertility management practices on the growth and yield parameters of soybean varieties
2008

Treatment No. of branches % Emergence Girth size(cm) Plant Ht(cm) No. of nodules No. of pods Pod wt g/plt Seed wt g/plt No. of seeds
Wood ash 2.54 48.3 0.88 33.33 13.42 54.4 20.08 12.45 109.4
Control 1.33 48.5 0.51 20.21 5.63 29.5 10.85 6.78 59.3
Lime 2.38 48.3 0.83 30.50 12.25 57.5 21.22 13.18 113.4
MOP (K O) 1.54 32.2 0.63 21.79 7.42 36.1 13.83 8.36 73.62

NPK 1.92 32.5 0.73 23.04 8.42 47.6 17.58 12.79 96.0
PM 3.33 77.4 1.35 38.75  29.54 63.1 22.49 14.42 130.9
SSP (P O ) 1.54 29.8 0.55 18.79 5.71 33.2 12.25 7.62 66.82 5

Urea 2.04 34.80 0.73 25.96 9.92 52.4 23.43 12.01 105.4
F-LSD (P=0.05) 0.32 15.85 0.08 2.21 2.33 9.39 5.72 2.77 18.64

2009
Wood ash 2.17 40.47 1.46 34.62 11.46 121.3 38.3 25.77 21 9.5
Control 2.17 43.45 0.90 32.85 9.29 81.8 27.1 17.67 142.7
Lime 2.13 40.57 0.84 34.81 8.92 100.0 31.7 22.38 195.5
MOP (K O) 1.96 41.77 1.20 34.56 9.33 85.6 26.4 18.85 160.72

NPK 2.08 44.35 0.98 35.79 9.33 98.0 32.7 22.13 194.5
PM 2.92 64.89 1.19 40.44 20.96 149.3 57.1 32.93 288.7
SSP (P O ) 2.96 39.59 0.88 32.54 7.79  77.9 25.0 17.90 149.42 5

Urea 2.13 45.53 0.96 35.27 9.42  106.1 35.2 24.32 207.2
F-LSD (P=0.05) 0.24 4.76 0.53 1.77 1.50  12.67 11.02 2.94 28.04

2008 and 2009 Combined
Wood ash 2.35 44.4 1.17 33.98 12.44 87.9 29.21 19.13 164.5
Control 1.75 45.9 0.71 26.53 7.31 55.6 18.98 12.22 101.3
Lime 2.25 65.9 0.84 32.65 10.58 78.7 26.47 17.78 151.6
MOP (K O) 1.75 37.0 0.92 28.18 8.29 60.8 20.09 13.61 117.12

NPK 2.00 38.4 0.86 29.42 8.75 72.8 25.15 17.46 145.2
PM 3.13 71.1 1.27 39.59 25.25 106.2 39.78 23.68 212.8
SSP (P O ) 1.75 34.7 0.72 26.67 6.48 55.5 18.62 12.76 116.52 5

Urea 2.08 40.2 0.85 30.61 9.67 78.7 29.33 18.17 156.3
F-LSD(P=0.05) 0.19 17.02 0.27 1.38 1.36 ns 6.10 1.99 18.5
Key: Plt Ht= plant height, wt=weight, %= percentage, PM=poultry manure, NPK=NPK (15:15:15)

(DAP), girth size (cm), plant height (cm), number of same vein, the number of nodules was highest in 2008
nodules, number of pods, weight of pods (g/plant), weight followed by combined years and 2009 when variety and
of seeds (g/plant), number of seeds) of six soybean soil fertility management options interacted, the highest
varieties were significantly (p<0.05) expressed in Table 3. number of nodules was obtained from TGx 1908-8F (40.75),
Poultry manure consistently and significantly (p<0.05) followed by TGx1876-4E (33.50), TGx1903-7F (28.0), TGx
influenced much of the growth and yield parameters of 1844-4E (27.50), TGx 1485-1D (26.50) and the least,
soybean varieties measured in 2008, 2009 and years TGx1904-6F with 21.00 nodules in 2008 (Table 4). TGx
combined than other soil fertility management options, 1908-8F produced the highest number of nodules (30.50)
except weight of pods (23.43g/plant) by urea in 2008 and in the combined years with poultry manure, whereas TGx
in 2009, girth size (1.46cm/plant) by wood ash and number 1844-4E had the highest (24.00) in 2009 with poultry
of branches (2.96) per plant. In all, poultry manure had the manure.
greatest effect, followed by wood ash, urea, lime and NPK Poultry manure consistently gave rise to large girth
(15:15:15) in influence in 2008, 2009 and in combined size  (1.35 cm  in  2008,  1.19  cm in  2009  and a mean of
years. 1.27 cm), but wood ash flashed the largest over all girth

The effects of the treatments on number of size of 1.46 cm in 2009 with the two years mean of 1.17 cm,
nodules/plant was more pronounced in 2008 than in 2009 followed by MOP with 1.20 cm in 2009. Large girth size
and in combined years (2008 and 2009), while 2009 was the could be a good index for measuring good growth and
least. With regard to poultry manure, the number of consequently good yield in soybean and it is important
nodules were 29.54 in 2008, 20.96 (2009) and 25.25 (years that  this  could be influenced by using available low
combined), followed by wood ash, lime and urea. In the input  materials as poultry manure and/or wood ash which
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Table 4: The effects of soybean varieties and soil fertility management practices on the number of nodules per plant
2008

Treatment
Variety W/ash Control Lime MOP NPK Poultry M. SSP Urea Mean
TGx1876-4E 8.75 6.00 17.50 8.00 8.25 33.50 6.25 9.50 12.22
TGx1903-7F 20.50 1.50 6.00 3.75 6.50 28.0 2.25 9.25 9.72
TGx1485-1D 18.00 10.00 16.25 4.75 8.50 26.50 8.25 8.50 12.59
TGx1844-4E 6.50 2.75 9.75 7.25 8.25 27.50 5.00 11.00 9.75
TGx1904-6F 14.75 8.50 12.00 10.50 13.50 21.00 5.50 10.50 12.03
TGx1908-8F 12.00 5.00 12.00 10.25 5.50 40.75 7.00 10.7 12.91
Mean 13.42 5.63 12.25 7.42 8.42 29.54 5.71 9.92
F-LSD (P=0.05) =2.02 for comparing two variety means 

=2.33 for comparing two fertilizer means 
=5.72 for comparing variety x fertilizer interaction means

2009
TGx1876-4E 14.25 14.50 10.50 10.50 8.25 22.75 10.25 10.75 12.72
TGx1903-7F 14.50 5.50 6.75 14.50 10.75 21.00 12.25 12.75 12.25
TGx1485-1D 14.75 10.75 13.25 14.25 10.75 18.75 8.00 12.00 12.81
TGx1844-4E 7.25 5.50 5.25 5.75 14.00 24.00 9.50 8.00 9.91
TGx1904-6F 7.50 5.00 7.75 5.50 4.00 19.00 3.75 5.25 7.22
TGx1908-8F 10.50 14.50 10.00 5.50 8.25 20.25 3.00 7.25 9.97
Mean 11.46 9.29 8.92 9.33 9.33 20.96 7.79 9.42
F-LSD (P=0.05) =1.30 for comparing two varietal means 

=1.50 for comparing two fertilizer means 
=3.68 for comparing variety x fertilizer interaction means

2008 and 2009 Combined
TGx1876-4E 11.50 10.25 14.00 9.25 8.25 28.12 8.25 10.12 12.47
TGx1903-7F 17.50 3.50 6.37 9.12 8.63 24.50 7.25 11.00 10.98
TGx1485-1D 16.38 10.38 14.75 9.50 9.63 22.62 8.12 10.25 12.70
TGx1844-4E 6.88 3.25 7.50 6.50 11.12 25.75 7.25 9.50 9.72
TGx1904-6F 11.12 6.75 9.88 7.50 8.00 20.00 4.00 7.88 9.39
TGx1908-8F 11.25 9.75 11.00 7.88 6.88 30.50 4.00 9.25 11.31
Mean 12.44 7.31 10.58 8.29 8.75 25.25 6.48 9.67
F-LSD (P=0.05) =1.43 for comparing two varietal means 

=1.36 for comparing two fertilizer means 
=3.39 for comparing variety x fertilizer interaction means

Key: W/ash= wood ash, NPK= NPK (15:15:15), Poultry M. = poultry manure.

means saving a lot of income that could have been spent emergence on the control plots approximating the treated
in purchasing inorganic fertilizers. This is also important plots is an indication that the varieties potentially had
because the smallholder farmers can cheaply improve their high viability indices and/or that the soil environment
production without spending fortunes on inorganic provided suitable germination conditions.
inputs that most people all over the world are having However, seedling emergence can be affected by a
some reservations for [58] as organically produced goods number of factors such as physical obstruction by gravels
are gaining global support [59]. and hard soil clods, inadequate moisture in the soil and

Seedling emergence (%) from seeds sown was only depth of  sowing,  2-3cm  have been suggested by [15]
influenced  significantly  (P<0.05)  by  poultry  manure but experience can guide better in the choice of depths
(77.4 in 2008, 64.89 in 2009 and 71.1 years mean), wood ash and types of cultural attention to be given where the rule
(48.3 in 2008, 40.47 in 2009 and 44.4 years mean) and lime of thumb may not avail. Leinonen [3] reported that nodule
(48.3 in 2008, 40.57 in 2009 and 65.9 years mean). formation or the rate of nitrogen fixation of a legume host
Obviously, these treatments were incorporated during the plant  and  the  efficiency  of  the  Rhizobia  population
time of plot preparation to have affected seed germination, [60, 61], primarily depend on the plant vigour and the
while other treatments were applied some days after growing environment. Giller [47] also observed that the
germination thus their plots automatically served as requirements of one symbiotic partner closely parallel
control. However, the observation of percentage those  of  the  other and corollary, what affects or benefits
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one affects or benefits the other. The significant effect of future to bail man from malnutrition, hunger and
poultry manure on the growth parameters may not be far starvation.  The  reason  is  not  farfetched,  because
from the general acknowledgement by researchers of its Khaliq et al. [62] had earlier reported a high content of
high nitrogen content if properly managed. Khaliq et al. nitrogen in poultry manure which could ‘kick-start’
[62] reported a chemical analysis of poultry manure legumes  [47]  for  a vigorous growth which in turn leads
showing it contains 1.45 % N, 0.81 % P, 0.36 % K, 47.00 % to  high  seed  yield. Although, legumes are known for
dry matter and 53.00 % moisture. A proximate analysis of their  ability  to  fix  nitrogen from the air, yet experience
farmyard manure (cow, poultry, pig, sheep and horse) has shown that in a degraded soil (inhospitable soil for
showed  that  poultry  manure  contains 21 Kg tone  N, plants to  grow),  applying  a  ‘starter  dose’  of  nitrogen1

18 Kg tone  P O  and 10 Kg tone  K O higher than can kick-start the legume´s establishment and growth1 1
2 5 2

others followed by sheep with 20, 14 and 8 Kg tone , before the benefits from nitrogen fixation can be realized1

horse with 13, 4 and 10 Kg tone , pig with 11, 6 and 9 Kg [47].1

tone and cow with 11, 3 and 10 Kg tone  respectively. Inorganic sources of plant nutrients have been used1 1

Soybean is acceptable to most smallholder farmers to enhance soil fertility and crop yield but given the
apart from its agronomic usefulness in fixing atmospheric current hike in prices of such materials, the constrain is on
nitrogen in its root nodules, for its superb quality as a rich us to try alternative sources the result of which is
source of high quality food protein [47] as demographic encouraging. Lime was found to influence 113.4 in 2008,
factors, dwindling labour force and shrinking farm size is 195.8 in 2009 and 151.6 seeds from combining the two
forcing resource-constrained smallholder farmers to prefer years. Urea fertilizer was also found very effective in
legumes that would attract the highest economic returns: influencing the number of seeds per plant producing 105.4
relevant as food, fibre, fodder and fertilizer to justify their in 2008 and 207.2 in 2009 and 156.3 seeds from combining
labour,  boost  their  lean  resources  and time input the two years. The plausible reason may be the residual
beyond simply improving soil fertility [63]. This is effect of soybean from the previous planting as expected
obvious and agrees with the observation of Giller [47] [3]. Giller [47] stated that legumes are capable of
reported that using legumes to rehabilitate degraded soils improving soil fertility through their ability to fix nitrogen
as an ‘off-the-shelf’ method with universal acceptability from the air making use of Rhizobia bacteria in their root
does not work. He maintained that despite more than a nodules as the area is unknown as a soybean growing
century of research on green manures in the tropics, zone.
examples of smallholder farmers using such methods to Number of pods per plant of the soybean varieties
regenerate their soils are remarkably rare, but extensive was not improved significantly (P<0.05) by the interaction
reviews of past experiences indicate that rapid uptake by effect of variety x soil fertility management options in 2008
farmers occurs only when green manures have other and in the mean of 2008 and 2009, but was highly
advantages, beyond simply improving soil fertility. The improved in 2009 especially at the interaction of poultry
2009 result of soil fertility treatments on yield parameters manure with varieties, with the highest from TGx1903-7F
was better than 2008 and the mean of years combined. (190.2), TGx 1904-6F (159.3), TGx 1844-4E (153.0), TGx
The number of pods (149.3) under poultry manure, (121.3) 1876-4E (137.8), TGx 1485-1D (134.2) and TGx 1908-8F
under wood ash, (106.1) under urea and (100.0) under lime; (121.5) followed by wood ash (121.3) and urea fertilizer
the number of seeds 288.7 (poultry manure), 219.5 (wood (106.1) (Table 5). The residual effect of soybean led to
ash), 207.2 (urea), 195.8 (lime) and 194.5 (NPK) and the better performance in the second year as previously
weight of pods and weight of seeds per plant, were the observed in this report, that after a previous legume
highest. The number of seeds per plant was highly planting the soil could be made beneficial for subsequent
influenced by poultry manure in 2008 (130.9), in 2009 crops especially a non legume crop [64, 4]. Nitrogen level
(288.7) and in combined years (212.8) followed by wood in  the  soil  was  found  to  increase  by  about  500kg in
ash (109.4) in 2008, in 2009 (219.5) and in combined years 2.5 years under Centrosema pubescens cover in
(164.5) seeds per plant. association with star grass in Nigeria [4] while Ludwig [5]

The significant improved response of soybean yield found soybean as a benchmark legume for nitrogen
attributes [number of pods, weight of pods (g), number of fixation second only to stem-forming nodule legumes and
seeds  and  weight of seeds (g) to poultry manure and as such can boost soil fertility for good pod yield in the
wood ash treatments, makes soybean the crop for the second year. 
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Table 5: The effects of soybean varieties and soil fertility management practices on the number of pods per plant of soybean varieties
2008

Treatment
Variety W/ash Control Lime MOP NPK Poultry M. SSP Urea Mean
TGx1876-4E 45.7 42.8 66.1 41.3 49.4 56.1 33.4 51.1 48.2
TGx1903-7F 59.5 23.8 48.6 26.4 37.7 52.8 27.9 51.1 41.0
TGx1485-1D 65.8 30.9 59.4 21.8 43.2 55.3 37.2 38.2 44.0
TGx1844-4E 43.1 21.1 63.1 34.6 33.2 53.7 28.5 45.4 40.4
TGx1904-6F 57.9 24.0 55.6 58.7 73.2 83.1 40.9 68.7 59.0
TGx1908-8F 54.6 24.3 52.1 33.6 48.9 77.8 31.2 59.9 47.8
Mean 54.4 29.5 57.5 36.1 47.6 63.1 33.2 52.4
F-LSD (P=0.05) =8.13 for comparing two variety means 

=9.39 for comparing two fertilizer means 
=23.01 for comparing variety x fertilizer interaction means

2009
TGx1876-4E 115.5 93.5 121.0 89.5 93.8 137.8 79.3 82.3 101.6
TGx1903-7F 161.0 97.6 83.2 126.0 107.0 190.2 102.3 124.5 122.7
TGx1485-1D 117.5 93.8 101.5 104.3 107.8 134.2 79.3 124.5 107.8
TGx1844-4E 84.9 77.3 82.8 94.3 115.5 153.0 100.5 100.9 101.1
TGx1904-6F 118.0 44.7 98.3 49.6 71.0 159.3 53.0 103.3 87.15
TGx1908-8F 130.8 93.8 113.3 49.8 93.0 121.5 53.0 101.5 94.6
Mean 121.3 81.8 100.0 85.6 98.0 149.3 77.9 106.1
F-LSD (P=0.05) =10.97 for comparing two varietal means 

=12.67 for comparing two fertilizer means 
=31.03 for comparing variety x fertilizer interaction means

2008 and 2009 Combined
TGx1876-4E 80.6 68.2 93.6 65.4 71.6 96.9 56.3 66.7 74.9
TGx1903-7F 110.2 55.7 65.9 76.2 72.3 121.5 65.1 87.8 81.9
TGx1485-1D 91.7 62.3 80.4 63.0 75.5 94.8 58.2 77.9 75.5
TGx1844-4E 64.0 49.2 72.9 64.4 74.4 103.3 64.5 73.2 70.7
TGx1904-6F 88.0 39.3 76.9 54.2 72.1  121.2 47.0 86.0 73.1
TGx1908-8F 92.7 59.0 82.7 41.7 70.9  99.7 42.1 80.7 71.2
Mean 87.9 55.6 78.7 60.8 72.8 106.2  55.5 78.7
F-LSD (P=0.05) =51.25 for comparing two varietal means 

=57.61 for comparing two fertilizer means 
=140.88 for comparing variety x fertilizer interaction means

Key: W/ash-wood ash; NPK- NPK (15:15:15); Poultry M. - Poultry manure

CONCLUSION be ecologically stable and biologically efficient and

Based on the results of this study, achieving a because of population growth and pressure on land
vigorous growth of soybean varieties with these soil needed for more food production and other non-
fertility management options which subsequently agricultural needs. Therefore, building up a solid soil
improved soil fertility and consequently improved crop fertility improving scheme for soybean based on low
production can also halt soil degradation through external input system, would not only improve its growth
judicious cultivation of the legume, is a welcome research and yield, but also other important crops like maize or rice.
effort. Moreover, the resource-constrained smallholder More so, only a healthy legume plant will be able to fix
farmers in this agro-ecological zone can save their meager atmospheric nitrogen enough in the soil as abundant
resources spent on costly external inputs as the tropical nodules will also be formed. Abundant sustainable quality
soils do not respond well to some of the temperate cheap food protein production system which results from
farming practices such as fertilizers, herbicides, pesticides, soybean cultivation will guarantee food security and rural
which was why the Green Revolution hinged on heavy transformation in Africa. By this the rural environment can
doses of chemicals and fertilizers did not succeed so well be revitalized and life made better for the inhabitants as
in Africa. Incidentally, agro-forestry which closely green environment would be guaranteed. The intensified
approximates the traditional shifting cultivation known to use  of this  low-external input smallholder farmer-friendly

resilient for the fragile tropical soils are no longer feasible,
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system (poultry manure and wood ash) of managing 11. Sanchez, P.A., 1987. Management of acid soils in the
soybean growth and yield, is highly recommended as humid tropics of Latin America In: Management of
effective and veritable tool for producing soybean to acid tropical soils for sustainable agriculture,
adequately deal with soil degradation, fertility loss and Sanchez, P.A., Stoner, E. & Pushparajah, E. (eds.)
low crop yield, while less use be made of other high input Proceedings of the Conference of the International
resources. Board for Soil Research and Management held in
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