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ABSTRACT 
 

The experiment was conducted at the Kogi State University Research and Student Demonstration Farm, Anyigba, 
Kogi State. The objective of this study was to examine effects of biochar and cowdung on nodulation, growth, yield of 
soybean and nutrient contribution of organic fertilizer used to soil. The study consisted of 5 treatments: combined 
biochar and cowdung (0, 2, 4, 6 and 8 t ha-1). The experiment was laid out in a randomized complete block design 
(RCBD) with 5 replicates in plots of 2 m × 1 m. Soybean variety TGX 1448-2E was used in the trial. Growth (number 
of leaves, height, and stem girth), nodulation (nodules number, nodules weight), yield (number of pods, pod dry 
weight, number of seeds, seed weight per plant, grain yield) and post cropping soil analyses were determined. 
Analysis of variance showed that biochar and cowdung increased growth and yield of soybean while nodulation 
decreased. Soil pH, organic carbon, soil nitrogen, calcium, magnesium, potassium, sodium and CEC significantly 
increased; available phosphorus insignificantly increased, while exchangeable acidity decreased significantly. 
Soybean responded well to the application of combined biochar and cowdung. These results showed the potential role 
of combined biochar and cowdung in improving soil fertility and soybean yields.  
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INTRODUCTION 
 

Soybean (Glycine max L. Merrill) has its origin from 
China where it has been cultivated since the 11th century 
(Li, 1994; Gai et al., 2000) with Brazil (36.1%) being the 
largest producer in the world, followed by United States 
(35.9%), Argentina (21.1%), China (6.0%), India (3.9%), 
Paraguay (3.0%), Canada (1.7%), Uruguay (0.7%), etc. 
(FAO, 2009). Soybean was first introduced into Nigeria in 
1908 (Fennel, 1966) while attempt to grow it at Moor 
Plantation, Ibadan at that time failed. Although, the crop 
was successfully introduced to Samaru in 1928 where it 
spread into other parts of Northern Nigeria, but the first 
successful cultivation was in 1937 with the Malayan 
variety, which was found suitable for commercial 
production in Benue State in Central Nigeria (Oyekan, 
1985; Root et al., 1987). Soybean production in Nigeria 
was for many years centered on the savanna ecological 
zone where soils are characteristically low in nitrogen and 
phosphorous (Chiezey and Yayock, 1991).  It is now 
widely grown in the middle belt states of Benue, Kogi, 
Niger, Kwara and Kaduna (Olufajo and Pal, 1991) and in 

the rain forest zone of Ondo, Oyo and Northern parts of 
Delta State (Jackai, 1987). 

Despite the great potential of soybean, Sanchez and 
Logan (1992) reported that soil fertility in high-rainfall, 
low-altitude regions of the tropics can be low due to rapid 
organic matter mineralization. Van Wambeke (1992) 
observed that the presence of highly weathered secondary 
minerals in the soil can result to poor growth and low 
yield. However, fertility can be successfully improved 
using both inorganic and organic fertilizers. The major 
drawbacks of inorganic fertilizers are their low 
accessibility to resource-poor farmers (Garrity, 2004), 
their low efficiency in highly weathered soils (Baligar and 
Bennett, 1986) and problem of soil degradation (Khaim et 
al., 2003) as a result of continuous use of high level of 
inorganic fertilizers which is detrimental to crop 
production. Organic fertilizers are able to improve 
nutrient use efficiency under tropical conditions. If 
agriculture is to be sustainable, emphasis has to be placed 
on the use of organic fertilizer and microbial inoculants to 
ensure agriculture remains a viable part of a healthy 
ecosystem. 
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Biochar is a source of organic fertilizer that is 
receiving attention by researchers all over the world and it 
is being considered for use in agronomic practices. The 
process of biochar production is known as pyrolysis and it 
results in a very stable carbon-rich material not only 
capable of improving physical and chemical soil 
properties (and therefore soil productivity), but also 
increasing soil carbon storage on a large scale (Sohi et al., 
2010; Kookana et al., 2011) for a long period of time. 
Charcoal applied to the soil can also stimulate the activity 
of soil microorganisms and promote the formation of root 
nodules and vesicular-arbuscular mycorrhizae in soybean 
roots (Ogawa 1987), thereby increasing yield and 
improving soil fertility. 

It is widely recognized that charcoal can be used as 
soil amendment in agriculture (Ogawa, 1994). The effect 
of charcoal application on yield increases in soybean, pea, 
sugarcane (Uddin et al., 1994, 1995), maize (Yamato et 
al., 2006) and sweet potato (Islam et al. 2000) has been 
reported. Igarashi (2002) reported that rice husk charcoal 
application increased the yield of maize, soybean and 
peanut in Indonesia.  If biochar additions can be credibly 
linked to greater nutrient retention of highly weathered 
soil and organic fertilizers able to improve nutrient use 
efficiency under tropical conditions, biochar management 
and organic fertilizer may provide a significant 
opportunity for sustainable improvements of soil fertility 
and hence increase the growth and yield of soybean. In 
light of this, it is to be seen if different loading rates of a 
mix of biochar and cowdung will have any significant 
effect on the nodulation, growth and yield of soybean. 
This study was carried out to examine the effects of 
biochar and cowdung on nodulation, growth and yield of 
soybean, and on nutrient contribution of organic fertilizer 
used to soil. 

 
MATERIALS AND METHODS 

 
Description of the study area 

The experiment was conducted at the Kogi State 
University Research and Student Demonstration Farm, 
Anyigba, Kogi State, which is in the southern guinea 
savanna agro-ecological zone of Nigeria. It lies between 
latitude 70 6′ N and longitude 70 43′ E of the equator with 
an altitude of 420m above sea level and has a bimodal 
rainfall with the peak pattern occurring in July and 
September. The trial covered the period of August to 
December, 2014. The average annual temperature is 250C 
with high level of uniformity throughout the year and 
annual rainfall of 1600mm. 
 
Experimental procedure 

Cowdung was collected from Kogi State University 
Livestock and Research Farm and Biochar (charcoal) 
from commercial seller in Anyigba. Soybean (Glycine 
max L. Merrill var. TGX 1448-2E) was obtained from 
Institute of Agriculture Research (IAR), Zaria. The 
experiment was arranged in a randomized complete block 
design (RCBD) and the entire experimental area was 
10×5m. The subplot size was 2×1m which was replicated 
five times. Subplots were separated by 1m and replicates 
by 1.5m. The treatments consisted of biochar and 
cowdung (dry weight): T1 (0t/ha-control), T2 (2t/ha), T3 

(4t/ha), T4 (6t/ha) and T5 (8t/ha) randomized in each of the 
replicates. The biochar was pounded with a mortar and 
pestle to powder so as to increase its surface area. Biochar 
and cowdung were weighed at 1:1for 0, 2, 4, 6, 8t/ha 
levels and incorporated into the ridge to 5-7cm depth on 
12th August, 2014 and allowed to mineralized for 2 weeks 
before sowing. Soybean (Glycine max L. Merrill var. 
TGX 1448-2E) was sown by drilling on 26th August, 2014 
at 75cm between ridges and 5cm between stands at 2cm 
depth. The experimental site was ploughed, harrowed and 
ridged mechanically to attain fine tilt for proper 
cultivation. Weed control was done manually by hoeing 2 
weeks after biochar +cowdung incorporation, 2 WAS and 
5-6 WAS as recommended by Dugje et al. (2009) and 
subsequently, handpicking to keep the site weed-free 
throughout the experimental period. No herbicide was 
used throughout the experimental period. 
 
Laboratory analysis  

The soil classified as alfisol was well drained with 
loamy sand surface. The pre-cropping soil (0-15cm depth) 
analyses of the study area were carried out.  Soil samples 
were air dried and sieved through 2mm sieve. Thereafter, 
they were analyzed for their various physical and 
chemical properties including pH, Total Nitrogen, 
Organic carbon, available phosphorus, exchangeable 
cations (Ca, K, Na and Mg). Particle size analysis was 
carried out as described by Bouyoucos, (1951). Total 
nitrogen and organic carbon were determined by the 
Kjeldahl (Bremer, 1965), Walkey and Black procedures 
(Nelson and Sommers, 1982) respectively. Soil pH was 
determined by the method described by IITA, Available 
phosphorus by Bray-1 method, while flame photometry 
method was used to determined calcium, sodium, 
magnesium and potassium. Cation exchange capacity 
(C.E.C) was obtained by the summation of the 
exchangeable cations (K+, Na+, Ca2+and Mg2+) and total 
exchangeable acidity (Sparks et al., 1996). The methods 
for analyses of soil N, P and K mentioned above were also 
used for the biochar and cowdung analyses. 
 
Data collection 
The following data were collected:  
Number of leaves per plant 
 The number of leaves per plant was determined by 
counting the number of leaves manually on the plant at 2, 
4, and 6, 8, 10 and 12 week after sowing (WAS).  
Plant height per Plant (cm)  
Plant height was measured from the base to top with the 
aid of a measuring tape at 2, 4, 6, 8, 10 and 12 WAS.  
Stem Girth per Plant (cm)  
This was also taken with the aid of a vernier caliper at 2, 
4, 6, 8, 10 and 12 WAS.  
Nodules number and nodules weight per plant 
Two plants were randomly selected for destructive 
sampling at 6 WAS. These plants were gently uprooted 
manually and the number of nodules was counted and 
weighed.  
Number of pods per plant 
All the pods of the plants were harvested and counted.  
Number of seeds per plant 
All seeds were recovered and counted from the pods 
obtained above after shelling.  
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Grain yield per plant (g) 
The weight of the seeds collected was taken using a 
weighing balance.  
 
Grain Yield (kg/ha) 

At maturity, all pods were harvested and all grains 
recovered after shelling and then weighed using top load 
balance (with basin- like top and calibrated in Kg) per 
plot. The grain yield per hectare was determined as 
follows; 
 
Grain yield = Grain yield per plot × 10,000 m2 
           Plot Area (m2) 
 
Data analyses 

Data collected were subjected to analysis of variance 
using Statistical Package for Social Sciences (SPSS 16.) 
and means that showed significant differences were 
separated by Least Significant Difference. 

 
RESULTS  

 
The pre-cropping soil and biochar and cowdung 

analyses are represented in Table 1. The soil of the studied 
area is loamy sand and suitable for soybean production 
while pH (4.82) is slightly acidic. The soil organic C, N 
and P are less than their critical value. However, analyses 
of biochar and cowdung revealed 2.21%, 0.91 mg/Kg, and 
2.84 cmol/Kg respectively for N, P and K. This shows that 
biochar and cowdung is very rich in N and K but low in P. 

Table 2 presents the effect of the fertilizer on growth 
parameters. Biochar and cowdung application at the rates 
assayed had no significant difference on number of leaves 
of soybean at second, fourth and sixth weeks after sowing 
(WAS) but had significant effect at (P≤0.05) for eighth, 
tenth and twelfth WAS. The number of leaves per plant 
increased with increasing rates of biochar and cowdung. 
At two WAS, treatment 5 and treatment 4 (8 and 6t/ha 
respectively) gave the highest number of leaves (3.15) 
while treatment 1 (control) gave the lowest (3.01). 
Meanwhile at the fourth WAS, 8t/ha gave the highest 
number of leaves followed by 6, 4, 2 t/ha respectively and 
control with the lowest. Moreover, 8t/ha of biochar and 
cowdung showed the highest (14.75) at 6 WAS followed 
by 6, 4, 2t/ha respectively and control with the lowest 
(11.15). However at 8 WAS, 8t/ha recorded the highest 
number of leaves (37.10) which is not statistically 
different from other treatments except control that 
recorded the lowest (23.70). Nevertheless at 10 WAS, 
number of leaves per plant for 8t/ha was only significantly 
different from the control. Although, 8t/ha showed the 
highest (34.60) followed by 6, 4, 2 t/ha respectively and 
control with the least (23.10). Furthermore at 12 WAS, 
number of leaves per plant for 8t/ha was significantly 
different from other treatments except for 6t/ha which is 
not statistically different from 8t/ha. Besides, 8t/ha 
showed the highest mean (30.50) followed by 6, 4, 2 t/ha 
respectively and control with the least (18.90). 

The effect of biochar and cowdung on height per 
plant is shown in Table 3. Biochar and cowdung addition 
had no significant effect on the height of soybean at 
(P≤0.05) for 2, 4, 6, 8, 10 and 12 WAS. However, plant 
height  increased  with  increasing  rates   of   biochar  and  

Table 1: Pre-cropping Soil Physical and Chemical Properties 
Physical and chemical properties Soil 
pH 4.82 
Organic carbon (%) 0.41 
Total nitrogen (%) 0.02 
Available Phosphorus (mg/Kg) 7.46
Calcium (Cmol/Kg) 3.04 
Potassium (Cmol/Kg) 1.53 
Magnesium (Cmol/Kg) 1.19 
Sodium (Cmol/Kg) 0.17 
Exchangeable acidity (Cmol/Kg) 1.19 
CEC (Cmol/Kg) 7.66 
% sand 88.68 
% silt 3.00 
% clay 8.32 
Textural class Loamy sand 

 
cowdung. Control showed the lowest height throughout 
the measurements intervals as compared with other 
treatments. 

In Table 4, biochar and cowdung addition showed no 
significant increase on the stem girth of soybean at 
(P≤0.05) for 2, 10 and 12 WAS, but showed significant 
increase for 4, 6 and 8 WAS (Table 4). Stem girth per 
plant increased with increasing rates of biochar and 
cowdung. At 2 WAS, 8, 6, 4 and 2 t/ha showed the 
highest stem girth (0.14cm) and control showed the lowest 
stem girth (0.13cm). Meanwhile, at 4 and 6 WAS, stem 
girth for 8t/ha was significantly different from control, but 
not significantly different from other treatments. 
Although, 8t/ha showed the highest stem girth (0.27cm) 
followed by 6, 4, 2 t/ha respectively and control showed 
the lowest (0.21cm) at 4 WAS and at 6 WAS, 8 and 6t/ha 
had the highest stem girth (0.35cm) and control had the 
least (0.29cm). However at 8 WAS, 8 and 6t/ha recorded 
the highest mean (0.50cm) which is not statistically 
different from other treatments except control that 
recorded the lowest mean (0.40cm). Furthermore, at 10 
WAS, stem girth per plant for 8t/ha showed the highest 
stem girth (0.51cm) followed by 6, 4 and 2 t/ha 
respectively and control showed the lowest (0.44cm). 
Moreover, 8t/ha showed the highest stem girth (0.54cm) 
followed by 6, 4 and 2 t/ha respectively and control with 
the lowest (0.44cm) at 12 WAS. 

Biochar and cowdung addition had no significant 
effect on the number of nodules of soybean per plant at 
5% level of significance (Table 5). The number of nodules 
per plant decreased with increasing rates of biochar and 
cowdung. However, control gave the highest number of 
nodules (3.80) and 8 and 6t/ha with the lowest (3.60). 
Biochar and cowdung application have negative effect on 
the number of nodules. The number of nodules decreases 
as the rates of biochar and cowdung increases. This shows 
that biochar and cowdung addition increases nitrogen 
content of the soil, thus, reducing nodules formation and 
nitrogen fixation that will supplement the native soil 
supply. Table 5 also shows the effect of biochar and 
cowdung on nodules weight per plant of soybean. Biochar 
and cowdung addition showed no significant effect on 
nodules weight of soybean at (P≤0.05), although, nodules 
weight increased with increasing rates of biochar and 
cowdung. However, control and 2 t/ha gave the lowest 
nodule weight (0.09g) and 8, 6 and 4 t/ha the highest 
(0.12g). This means that biochar and cowdung positively 
enhance nodules weight of soybean. 
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Table 2: Effect of Biochar and Cowdung on the number of leaves per plant 
Treatments 
(t/ha) 

Number of leaves 
2 WAS 4 WAS 6 WAS 8 WAS 10 WAS 12 WAS

Control 3.05a 5.40a 11.15a 23.70b 23.10bc 18.90c 
2 3.10a 5.70a 13.25a 30.40ab 28.60ab 24.80b 
4 3.10a 5.75a 13.80a 30.50ab 30.10a 24.90b 
6 3.15a 5.80a 14.55a 32.80a 32.70a 25.90ab 
8 3.15a 6.10a 14.75a 37.10a 34.60a 30.50a 
LSD  NS NS NS 6.60 6.98 5.24 

Means followed by the same lower case letter(s) and within the same column are not statistically different at (LSD0.05); LSD=Least 
significant difference, NS=Not significant 
 
Table 3: Effect of Biochar and Cowdung on plant height   

Treatments (t/ha) Plant height (cm) 
2WAS 4WAS 6WAS 8WAS 10WAS 12WAS 

Control 8.34a 13.15a 23.69a 39.58a 44.22a 44.48a 
2 8.62a 14.63a 27.48a 42.60a 45.87a 47.26a

4 8.97a 14.80a 27.71a 44.01a 47.27a 47.50a 
6 9.14a 14.98a 28.00a 45.15a 50.67a 51.59a 
8 9.16a 15.28a 28.59a 46.55a 51.50a 52.26a 

Means followed by the same lower case letter(s) and within the same column are not statistically different at (LSD0.05); LSD=Least 
significant difference, NS=Not significant 
 
Table 4: Effect of Biochar and Cowdung on stem girth of plant 

Treatments (t/ha) Stem girth (cm) 
2 WAS 4 WAS 6 WAS 8 WAS 10 WAS 12 WAS 

Control 0.13a 0.21b 0.29b 0.40b 0.44a 0.44a

2 0.14a 0.25a 0.34a 0.46ab 0.49a 0.50a 
4 0.14a 0.26a 0.34a 0.47a 0.49a 0.52a 
6 0.14a 0.26a 0.35a 0.50a 0.50a 0.52a 
8 0.14a 0.27a 0.35a 0.50a 0.51a 0.55a 
LSD NS 0.03 0.03 0.03 NS NS 

Means followed by the same lower case letter(s) and within the same column are not statistically different at (LSD0.05); LSD=Least 
significant difference, NS=Not significant 
 
Table 5: Effect of biochar and cowdung on nodule number and 
nodule weight  

Treatment (t/ha) Nodules of Number Nodules Weight (g) 
Control 3.80a 0.09a 
2 3.70a 0.09a 
4 3.70a 0.12a 
6 3.60a 0.12a 
8 3.60a 0.12a

LSD NS NS 
Means followed by the same lower case letter(s) and within the 
same column are not statistically different at (LSD0.05); 
LSD=Least significant difference, NS=Not significant 
 
Table 6: Effect of biochar and cowdung on yield of soybean 

Treatments 
(t/ha) 

Pod number per 
Plant 

Pod Dry weight per 
plant (g) 

Control 40.40a 18.42a 
2 41.70a 19.80a 
4 50.70a 24.02a 
6 53.30a 25.43a

8 57.70a 30.02a 
LSD NS NS 

Means followed by the same lower case letter(s) and within the 
same column are not statistically different at (LSD0.05); 
LSD=Least significant difference, NS=Not significant 
 

Result in Table 6 shows that biochar and cowdung 
amendment had no significant effect on the number of 
pods of soybean at 5% level of significance. However, 
control gave the lowest number of pods (40.40) as 
compared to other treatments. The highest number of pods 
was obtained from the application of 8t/ha (57.70) 
followed by 6, 4, 2 t/ha. In terms of pod weight 

application of biochar and cowdung had no significant 
effect on the dry weight of soybean pods at (P≤0.05). 
However, highest pod dry weight (30.02g) was obtained 
from 8t/ha followed by 6, 4, 2 t/ha with control having the 
lowest (18.42g). 

Biochar and cowdung application did not 
significantly increase number of seeds of soybean per 
plant at 5% level of significance (Table 7). Although, 
number of seeds per plant increased with increasing rates 
of biochar and cowdung. However, 8t/ha of biochar and 
cowdung gave the highest number of seeds per plant 
(95.0) followed by 6, 4, 2 t/ha with control having the 
least (60.80). Also, Table 7 shows that biochar and 
cowdung addition insignificantly increased seed weight of 
soybean per plant at (P≤0.05). However, 8t/ha of biochar 
and cowdung gave the highest mean seed weight per plant 
(10.46g) followed by 6, 4, 2t/ha with control having the 
least (6.34g). In terms of grain yield per hectare, biochar 
and cowdung addition did not significantly increase grain 
yield of soybean at (P≤0.05). However, gain yield 
increased with increasing loading rates of biochar and 
cowdung. 8t/ha of biochar and cowdung gave the highest 
grain yield (1,637.55kg/ha) followed by 6, 4, 2 t/ha 
respectively with control having the lowest (1,152.82 
kg/ha). 

The effect of treatment application on the post-
cropping soil chemical analysis is presented in Table 8. 
Biochar and cowdung addition significantly increased pH, 
organic carbon, total nitrogen, calcium, magnesium CEC, 
sodium and potassium content of soil with 8 t/ha having
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Table 7: Effect of Biochar and Cowdung on the number of seeds, seed weight per plant and grain yield 
Treatments (t/ha) Number of Seeds per Plant Seed weight per plant (g) Grain Yield (Kg/ha) 
Control 60.80a 6.34a 1152.82a 
2 65.20a 7.13a 1298.93a 
4 79.10a 7.96a 1340.88a 
6 86.30a 9.23a 1458.88a 
8 95.00a 10.46a 1637.55a 
LSD NS NS NS 
Means followed by the same lower case letter(s) and within the same column are not statistically different at (LSD0.05); LSD=Least 
significant difference, NS=Not significant 
 
Table 8: Post-cropping soil analysis 

Treatments (t/ha) Control 2t/ha 4 t/ha 6 t/ha 8 t/ha LSD 
pH 5.23b 5.52b 6.02a 6.33a 6.46a 0.49 
Organic carbon (%) 0.57c 0.93b 0.97b 1.07ab 1.23a 0.25 
Total nitrogen (%) 0.03c 0.05b 0.05b 0.05b 0.06a 0.01 
Available phosphorus (mg/Kg) 5.59a 6.10a 6.45a 6.74a 7.06a NS 
Calcium (Cmol/Kg) 3.68c 4.03b 4.33a 4.61a 4.68a 0.35 
Magnesium (Cmol/Kg) 1.33c 1.36c 1.40c 1.53b 1.63a 0.10 
Sodium (Cmol/Kg) 0.82c 0.87bc 0.93abc 0.99ab 1.06a 0.15 
Potassium (Cmol/Kg) 1.60c 1.69c 2.18b 2.81a 3.06a 0.37 
Exchangeable acidity (Cmol/Kg) 0.97a 0.88b 0.86b 0.76c 0.71d 0.08
CEC (Cmol/Kg) 8.80d 8.83d 9.70c 10.70b 11.07a 0.56 

Means followed by the same lower case letter(s) and within the same column are not statistically different at (LSD0.05); LSD=Least 
significant difference, NS=Not significant 
 
the highest and control having the lowest. There was a 
significant decrease in exchangeable acidity and treatment 
application insignificantly increased available phosphorus 
at (P≤0.05). 
 

DISCUSSION 
 

The number of leaves per plant increased with 
increasing rates of biochar and cowdung. This may 
probably be due to increase in soil pH, N, P, K CEC and 
decrease in exchangeable acidity. Since leaves are the site 
of photosynthetic activities of crops through which 
biomass are produced, partitioned among various parts of 
crops and stored for crop productivity (Asare et al., 2011), 
it can be used as an index for crop growth and yield. It is 
responsible for the amount of solar radiation intercepted, 
photosynthates and dry matter accumulation in plant and 
hence, yields.  Biochar and cowdung addition did not 
significantly increase soybean plant height relative to 
control, but it increased with increasing levels of biochar 
and cowdung. This may probably be as a result of increase 
in nutrient release with increasing levels of biochar and 
cowdung. Stem girth is an expression of vegetative 
growth (Squire, 1990). It increased as the rates of  biochar 
and cowdung increase. This may be associated with 
nutrients, especially organic matter release from biochar 
and cowdung addition. Biochar and cowdung 
insignificantly decreased the number of nodules per plant 
(P≤0.05) with increasing levels of biochar and cowdung. 
This study is in agreement with that of Okpara et al. 
(2004) that showed an increase in soybean nodule 
formation upon lime application due to favorable 
conditions for Bradyrhizobium spp. proliferation. The 
decreased in number of nodules in this study may be 
attributed to factors like increase in the soil nitrogen and 
acidic nature of the soil. Research had shown that higher 
supply of N in the soil reduces the necessity for N fixation 
and thus decreases nodules formation. As the amounts of 
N applied increase, the number of nodules decreases and 

the bacteria become less active. Low pH undermines the 
survival of rhizobia leading to formation of ineffective 
nodules and low rhizobial population (Sprent and Sprent, 
1990). Biochar addition insignificantly increased nodules 
weight per plant of soybean with increasing rates of 
biochar and cowdung. This increase may be due to 
rhizobial activities and formation of more effective 
nodules as pH improves. Application of biochar and 
cowdung insignificantly increased the number of pods per 
plant of soybean. The increase could be attributed to 
decreased exchangeable acidity levels and increase in the 
number of leaves for photosynthesis, available phosphorus 
levels, CEC levels, and pH levels. This negates the reports 
of Falodun et al. (2010) who found a significant decrease 
in pod weight of soybean as the levels of packaged 
organic fertilizer increase. Application of biochar and 
cowdung insignificantly increased pods dry weight per 
plant of soybean. Pod dry weight increases with 
increasing rates of biochar and cowdung application. This 
increase may be due to the increase in the number of pods 
per plant. This also negates the reports of Falodun et al. 
(2010) who found a significant decreased in pod weight of 
soybean as the levels of packaged organic fertilizer 
increase. The number of seed did not significantly 
increase (P≤0.05), but increases with increasing levels of 
biochar and cowdung application. This may be due to 
increase in the number of pods per plant. This also negates 
the reports of Falodun et al. (2010) who found a 
significant decreased in pod weight of soybean as the 
levels of packaged organic fertilizer increase. Seed weight 
did not significantly with increase in the application of 
biochar and cowdung (P≤0.05), but increases as the rates 
increase. This also negates the reports of Falodun et al. 
(2010) who found a significant decreased in pod weight of 
soybean as the levels of packaged organic fertilizer 
increase. The increase may be associated with increase in 
the number of seeds per plant, sustained nutrient supply, 
increased photosynthetic activity (Pakhale et al., 2009) 
and good translocation efficiency (Tandaie et al., 2009). 
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Grain yield increased with increasing levels of biochar 
and cowdung. This could be attributed to increase in the 
level of nutrients released from the application of biochar 
and cowdung which in turn increases the number of pods 
and seeds per plant, and hence grain yield. This verified 
the findings of Major et al. (2010) who reported that 
application of biochar on maize grain yield had no 
significant effect in the first year; however, in subsequent 
years, maize yield increased with increasing biochar rate, 
and the positive effect of biochar was most prominent in 
the third year after application. Similarly, Abewa et al. 
(2014) noted significant increase in grain yield with 
increasing rates of biochar. Research has shown that 
application of manure significantly has an impact on the 
chemical, physical and biological properties of the soil. 
Most of these effects are due to an increase in soil organic 
matter (Shirani et al., 2002; Liang et al., 2011; Bakayoko 
et al., 2009) resulting from manure application. Therefore, 
biochar and cowdung a form of manure is an excellent 
source of major plant nutrients such as N, P and potassium 
(K), and also provides many of the secondary nutrients 
that plants require. Soil organic carbon and mineral N 
increased significantly as biochar and cowdung addition 
increased. These results are in agreement with those of 
Abewa et al. (2014) and Kihanda et al. (2004) 
respectively. The increase may be due to N fixation by the 
plant and supply of N content in cowdung through 
mineralization associated to the improvement of soil 
conditions for microorganism’s development and activity 
as a result of an increase in soil pH due to biochar 
application.  

pH tends to increase and exchangeable acidity 
decrease with increasing rates of biochar and cowdung 
due to the displacement of H+, Fe2+, Al3+, Mn4+ and Cu2+ 
ions from soil adsorption site (Onwonga et al., 2010). The 
increase in soil pH and reduction of soil exchangeable 
acidity following application of combined biochar and 
cowdung can also be attributed to the release of organic 
acids (during mineralization), which in turn may have 
suppressed Al content in the soil through chelation 
(Onwonga et al., 2008; Okwuagwu et al., 2003). This 
finding is similar to those of Adeniyan et al. (2011) who 
found increased soil pH with application of manure in 
Nigeria. Similarly, Rodriguez et al. (2009) found an 
increased in soil pH by nearly 2 units due to addition of 
biochar. 
 
Conclusion 

This study shows that biochar and cowdung has 
potential to significantly reduce nodulation in a slightly 
acidic soil, increase growth and yield of soybean. It also 
improves soil fertility. It is recommended that short and 
long term studies be conducted in the region with further 
increase in the rates of combined biochar and cowdung 
application, so as to determine the optimum level of 
application required for optimum production of the crop.  
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