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Abstract
Purpose  Biochar application could be a sustainable way to enhance the nitrogen fixation in Bambara groundnut and other 
legumes. The research was conducted to study the effect of rice husk biochar and the Christmas Island Rock Phosphate 
application on the performance of Bambara groundnut in the study area.
Methods  Two levels of rice husk biochar (0 and 10 t/ha) and four levels of Christmas Island Rock Phosphate (0, 20, 40 and 
60 kg P2O5/ha) were factorially combined to make a total of eight treatment combinations which were laid out in a randomized 
complete block design (RCBD) with three replicates. Data were collected on nitrogen content and fixation of the crop.
Results  Application of rice husk biochar increased the total mean of nitrogen content and N fixed by the crop from 120.0 
and 90.9 kg/ha to 147.6 and 114.1 kg/ha, respectively. However, the effect of rock phosphate application on the nitrogen 
content and fixation of the crop was not observed.
Conclusion  Rice husk biochar application at 10 t/ha alone was sufficient for nitrogen content and fixation of the crop. This 
implies that farmers in the study area can apply rice husk biochar at 10 t/ha to enhance the performance of the crop.

Keywords  Biochar · Grain legumes · Rock phosphate · Subhumid tropics

Introduction

Bambara groundnut (Vigna subterranea (L.) Verdc.) is an 
African legume grown for its grains, which can be prepared 
and consumed in different forms and diets (Collinson et al. 
1996). The crop is next to cowpea (Vigna unguiculata L. 
Walp.) and peanut (Arachis hypogaea L.) among the most 
important legumes grown in the region (Howell et al. 1994). 
The seeds of the crop contain 16–25% protein, 5–6% lipid, 
42–60% carbohydrate, 4.8% fibre, and 3.4% ash (Brough 
and Azam-Ali 1992). The crop fixes 20–100 kg N/ha (Musa 
et al. 2016). Bambara groundnut such as other grain legumes 

is an important component of African traditional cropping 
systems grown as intercrop or in rotation with other crops 
such as sorghum (Sorghum vulgare) and pearl millet (Pen-
nisetum glaucum) (Dakora and Keya 1997).

Biochar is a product of thermal decomposition of bio-
mass under oxygen-limited conditions (pyrolysis). It is a 
solid material that is rich in organic materials and is gaining 
popularity by both researchers and farmers because of its 
potential benefits in increasing crop yield (Chen et al. 2011; 
Dong et al. 2016). Biochar enhances the availability of basic 
nutrients (Ca and Mg) in acid soils, soil moisture retention, 
N retention, and use efficiency, thus increasing crop produc-
tivity (Liu et al. 2013). Biochar inhibits the mineralization 
of organic N to ammonia or nitrate and adsorbs ammonium 
or nitrate which renders it less available for leaching (Jin 
et al. 2016). It increases nutrient use efficiency by retain-
ing soil-applied nutrients in the topsoil within the root zone 
of most crops (Lehmann et al. 2003; Barrow 2012). Bio-
char increases the moisture retention capacity of soils via 
increased soil aggregation and decreased bulk density (Dong 
et al. 2016).
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Bambara groundnut such as other legumes has a high P 
requirement (20–60 kg P2O5/ha) which is essential due to 
higher ATP requirements for nitrogenase activity, nodule 
development, and function (Graham and Vance 2000) and 
its deficiency limits the performance of the crop (López-
Bucio et al. 2002). The high cost of conventional P ferti-
lizers could constrain the production of the crop (Fardeau 
and Zapata 2002). Hence, evaluation of the response of the 
crop to locally and easily available sources of P such as rock 
phosphate could help to address the constraint and increase 
the yield of the crop. Rock phosphate application reduces 
the cost of fertilizer application and mitigates adverse envi-
ronmental effects (Arcand and Schneider 2006). Research on 
cowpea by Sokoto and Singh (2008) reported rock phosphate 
application at 25 kg/ha to increase the yield and its compo-
nents in cowpea.

To date, information on the influence of biochar and 
rock phosphate application on nitrogen fixation in Bambara 
groundnut is limited, but in common bean (Phaseolus vul-
garis L.), biochar application was reported to increase the 
N fixation of the crop which was attributed to the increase 
in K, Ca, P, B, and Mo availability (Rondon et al. 2007). 
In addition, Hossain et al. (2010) working on acid soils 
(pH 4.6) in Camden, the south-western region of Sydney, 
Australia reported an application of 10 t/ha biochar from 
wastewater sludge to maximize the yield of cherry tomato. 
Similarly, Biochar application increases the production of 
maize (Major et al. 2010), peanut (Yamato et al. 2006), com-
mon bean (Raboin et al. 2016), and rice (Steiner et al. 2007).

Thus, the research was conducted to study the effect of 
biochar and rock phosphate application on the performance 
of Bambara groundnut in the study area.

Methodology

Site

The research was conducted at the Crops for the Future 
(CFF) Research Farm, Semenyih, Selangor Malaysia (Lati-
tude 2.931083, Longitude 101.878323 at 42 m above sea 
level). The soil at the site is Ultisols (Rengam soil series, 
a clayey, kaolinitic, isohyperthermic Typic Paleudult) 
(Fardeau and Zapata 2002; Radin et al. 2018). The inves-
tigation was conducted from February to June 2015 (first 
trial) and repeated from August to December 2015 (second 
trial). The total rain received was 853.6 and 1225 mm, for 
the first and second trial, respectively (Figs. 1 and 2). The 
mean maximum and minimum temperatures for the first and 
second trials were 33.5 and 22.8 °C, and 33.0 and 22.8 °C, 
respectively. The mean maximum and minimum relative 
humidity recorded during the first and second trials were 
97.0 and 50.5% and 98.5 and 54.1%, respectively. The mean 

light intensity was 0.197 and 0.174 kW/m2 for the first and 
second trials, respectively. 

Soil collection and analysis

Samples from the experimental site were collected at 
0–20 cm depth using soil auger. The collected samples were 
bulked, air-dried, and sieved. The bulked soil was used to 
analyze the physical and chemical properties at applied agri-
cultural resources (AAR) Laboratories Sdn Bhd. Malaysia. 
Micro Kjeldahl digestion techniques were used for the N 
content determination (Unkovich et al. 2008). 1 M NH4OAC 
buffered at pH7 was used for the cation exchange capacity 
determination. Atomic absorption spectrophotometry (AAS) 
was used to determine the cations (Ca, Mg, K, and Na) con-
tents in the NH4OAC solution. 1 M KCl was used to extract 
the exchangeable Al and the Al content in the extract was 
determined by AAS. The soil particle size was measured 
using the pipette method. The results of soil analysis are 
presented in Table 1.
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Fig. 1   Sowing and harvesting time and the monthly rainfall at the 
research site from January to June 2015. Total rainfall = 853.6 mm
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Fig. 2   Sowing and harvesting time and the monthly rainfall at the 
research site from July to December 2015. Total rainfall = 1225 mm
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Description and source of the experimental 
materials

The experimental materials used consisted of two landraces 
(Kaaro and Ex-Sokoto) of Bambara groundnut character-
ized by Musa et al. (2016), Christmas Island Rock Phos-
phate (CIRP) [32% P2O5, 3.6% solubility using 2% Neutral 
Ammonium Citrate (NAC)] which was obtained from the 
distribution company at Shah Alam, Malaysia and rice husk 
biochar was sourced from Ladybird Organic Farm, 43500 
Jalan Broga, Semenyih, Selangor, Malaysia. The biochar was 
produced from intermediate pyrolysis of rice husk at 600 °C 
in a fixed bed pyrolysis system. The chemical properties of 
the biochar used are presented in Table 1.

Treatments and experimental design

Two levels of rice husk biochar (0 and 10 t/ha) and four lev-
els of phosphate (0, 20, 40, and 60 kg P2O5/ha), equivalent 
to 0, 555.6, 1111.1, and 1666.7 kg/ha of Christmas Island 
Rock Phosphate (CIRP) were factorially combined to make 
a total of eight treatment combinations which were laid out 
in a randomized complete block design (RCBD) with three 
replicates. Gross plot measuring 3 m × 3 m (9 m2) and net 
plot area of 2.6 m × 1.5 m (3.9 m2) were maintained.

Cultural practices

The experimental area was ploughed, harrowed, and leveled 
prior to the onset of each trial using a tractor, after that plots 
were constructed. For the biochar treatments, uniform rice bio-
char was applied at the rate of 10 t/ha and thoroughly incorpo-
rated into the top 20 cm soil depth at sowing. After that, rock 
phosphate was uniformly applied as per treatment and incorpo-
rated into the same 20 cm depth to enhance its dissolution. The 
seeds were soaked overnight, pre-dried, and treated with the 
combination of fungicide and insecticide at planting. 1 m wide 
rows were constructed and the crop was planted on twin rows 
at a row spacing of 50 cm. For both the varieties, a within the 
row spacing of 20 cm was maintained. Two seeds/hole were 
sown at 3–5 cm deep. Weeds were controlled manually using 
hoe and hand pulling. 20 kg N/ha and 60 kg K2O/ha were 
applied using Urea (46% N) and Muriate of potash (60% K2O) 
as a source of nutrients. The applied fertilizers were mixed 
thoroughly with the soil before planting. The plants were har-
vested at maturity using hand hoe for both experiments. This 
was followed by threshing, shelling, and air-drying of the har-
vested plants under shade to a constant weight. Samples were 
collected from the grain and stover for additional oven drying 
at temperatures of 70 °C for 72 h duration.

Data collection

Data were taken on N concentration, N content, % nitrogen 
derived from the atmosphere (% ndfa), N fixed in the shoot, 
and N fixed in the whole plant.

The plant nitrogen content was determined as the product of 
plant dry weight and % N in the plant as suggested by Unko-
vich et al. (2008):

15
The

N analysis was conducted using the procedure reported 
by Musa et al. (2016).

N fixation was measured using 15N natural abundance (NA) 
procedure as suggested by Mohale et al. (2014). The 15N NA 
of the whole plant (grain plus stover) was measured using the 
method of Unkovich et al. (2008)

The % ndfa was calculated using the method reported by 
Musa et al. (2016).

The N fixed in the shoot (grain + stover) and the total N 
fixed were as described by Mohale et al. (2014)

Plant N content (kg/ha) = Plant dry weight (kg/ha)

× %N concentration of the plant.

�
15Nwhole plant =

∑
�

�
15Ngrain × Ngrain + �

15Nstover × Nstover

�

∑
�

Ngrain + Nstover

� .

N fixed in the shoot = Plant N content (shoot) × % ndfa(shoot)

Total N fixed = N fixed in the shoot (grain + stover) × 1.4.

Table 1   Physico-chemical properties of the experiment site soil and 
the used biochar

Properties Soil Properties Biochar

Chemical Chemical
 pH (H20) 4.72  pH (H20) 6.73
 P (ppm) 11.5  Total P2O5 (%) 0.14
 Carbon (%) 0.72  Carbon (%) 18.40
 Total N (%) 0.08  Total N (%) 0.27
 – –  S (%) 0.07

Exchangeable cations (meq%)
 K 0.04 K2 O (%) 0.48
 Ca 0.58 CaO (%) 0.18
 Mg 0.11 MgO (%) 0.13
 Na 0.01 Na (%) 0.01
 Al 0.67 Al (ppm) 82.0
 – – Fe (%) 0.03
 CEC 4.0 Conductivity (µs/cm) 1728.5
 – – C/N ratio 68.4
 – – Total ash (%) 62.3
 Physical – –
 Sand (%) 73 – –
 Silt (%) 5 – –
 Clay (%) 22 – –
 Texture Sandy clay loam – –
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Data analysis

The data collected in the first and second trials were sub-
jected to analysis of variance procedure using GenStat® 16th 
edition. However, for the mean analysis, the individual trials 
were treated as split plots and mean separation was carried 
out at 5% level using Duncan’s multiple range test (DMRT).

Results and discussion

Grain and stover N concentration

The grain and stover N concentration of Bambara groundnut 
as influenced by rice husk biochar and rock phosphate levels 
is presented in Table 2.

Effect of biochar

The application of biochar in the first trial increased the grain 
N concentration of the crop from 3.31% recorded, where no 
biochar was applied to 3.53%. However, there was no sig-
nificant influence of biochar on the grain N concentration in 
the second trial (3.19–3.20%) and the mean (3.25–3.36%) 
(Table 2). Application of biochar decreased the stover N 
concentration in the first trial from 2.71% recorded in the 
no biochar treatments to 2.57%. However, in the second trial 
(2.92–3.00%) and the mean (2.78–2.82%), the stover N con-
centration of the crop was not significantly influenced by 
the application of biochar (Table 2). The increase in grain 
and stover N concentration of the crop observed in the first 
trial due to biochar application is an evidence of the role of 

biochar in soil N retention and thus, making it more readily 
available for crop uptake (Liu et al. 2013).

Effect of rock phosphate

Rock phosphate application significantly influenced the N 
concentration of the grain in the second trial. The applica-
tion of 20 kg P2O5/ha on the crop increased the grain N con-
centration from 3.11% recorded, where no rock phosphate 
was applied to 3.36%. Furthermore, the increase in the rock 
phosphate application to 40 kg P2O5/ha decreased the grain 
N concentration to 3.10% and was significantly not different 
from 3.11 and 3.21% recorded in the treatments, where no 
rock phosphate was applied and where 60 kg P2O5/ha was 
applied, respectively. Similarly, the grain N concentration in 
the treatments that received the application of 20 and 60 kg 
P2O5/ha was not significantly (P > 0.05) different. Hence, 
the 20 kg P2O5/ha application was optimum. However, the N 
concentration of the grain in the first trial (3.35–3.56%) and 
the mean (3.23–3.38%) was not significantly influenced by 
the rock phosphate application (Table 2). The stover N con-
centration of the crop recorded in the first trial (2.60–2.68%), 
second trial (2.91–3.03%), and the mean (2.77–2.85%) was 
not significantly influenced by rock phosphate applica-
tion (Table 2). The increase in N concentration of the crop 
observed in the treatments that received rock phosphate 
application of 20 kg P2O5/ha compared to the control (0 kg 
P2O5/ha) indicates the importance of P in the nutrition of the 
crop. However, the inconsistent increase in the N concentra-
tion of the crop with additional application of rock phos-
phate indicates that 20 kg P2O5/ha was optimum. Sokoto and 

Table 2   Grain and stover N 
concentration of Bambara 
groundnut as influenced by 
rice husk biochar and rock 
phosphate application

Means followed by the same letter(s) within a column are not significantly different at 5% level using Dun-
can’s multiple range test
SEM standard error of mean, P values probability values

Treatments N Concentration (%)

First trial Second trial Mean

Grain Stover Grain Stover Grain Stover

Biochar (B) (t/ha)
 0 3.31b 2.71a 3.20 2.92 3.25 2.82
 10 3.53a 2.57b 3.19 3.00 3.36 2.78
 SEM 0.064 0.042 0.039 0.045 0.037 0.031
 P value 0.021 0.023 0.836 0.264 0.054 0.401

Rock phosphate (RP) (kg P2O5/ha)
 0 3.40 2.60 3.11b 2.98 3.25 2.79
 20 3.37 2.63 3.36a 2.91 3.36 2.77
 40 3.35 2.66 3.10b 3.03 3.23 2.85
 60 3.56 2.68 3.21ab 2.92 3.38 2.80
 SEM 0.090 0.061 0.055 0.063 0.053 0.044
 P values 0.377 0.799 0.008 0.474 0.092 0.598
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Singh (2008) reported rock phosphate application at 25 kg 
P2O5/ha to increase the yield and its components in cowpea.

Grain and stover N content

The grain and stover N content of Bambara groundnut as 
influenced by rice husk biochar and rock phosphate levels 
is presented in Table 3.

Effect of biochar

The grain N content in the first (9.4–12.2 kg/ha) and sec-
ond (52.8–60.7 kg/ha) trial was not significantly influenced 
by biochar. However, in the mean, biochar application sig-
nificantly increased the grain N content of the crop from 
31.1 kg ha−1 recorded, where no biochar was applied to 
36.5 kg/ha (Table 3). Similarly, biochar application increased 
the stover N content of the crop from 80.0, 97.8 and 88.9 kg/
ha recorded, where no biochar was applied in the first trial, 
second trial, and the mean, respectively, to 93.9, 128.4, and 
111.2 kg/ha, respectively (Table 3). The increase in the grain 
and stover N content of the crop observed in the treatments 
which received biochar application in the mean could be due 
to the role of biochar in enhancing N retention and utiliza-
tion efficiency, thereby increasing the overall productivity 
of crops (Jin et al., 2016).

Effect of rock phosphate

The grain N content of the crop in the rock phosphate treat-
ments recorded in the first trial (9.3–12.7 kg/ha), second 
trial (52.4–63.8 kg/ha), and the mean (30.8–37.6 kg/ha) was 

not significantly influenced by rock phosphate (Table 3). 
Similarly, the stover N content of the crop in the first trial 
(85.4–90.0 kg/ha), second trial (106.3–117.5 kg/ha), and the 
mean (96.3–103.3 kg/ha) was not influenced by rock phos-
phate (Table 3).

Interactions

Significant (P < 0.05) interaction between the biochar and the 
rock phosphate levels on the grain N content was observed 
in the second trial (Fig. 3) and the mean (Fig. 4). In the 
treatments, where biochar was not applied, the application 
of rock phosphate did not significantly influence the grain 
N content in the second trial and the mean. However, for 
the treatments, where biochar was applied, the application 

Table 3   Grain and stover N 
content of Bambara groundnut 
as influenced by rice husk 
biochar and rock phosphate 
application

Means followed by the same letter(s) within a column are not significantly different at 5% level using Dun-
can’s multiple range test
SEM standard error of mean, P values probability values

Treatments N Content (kg/ha)

First trial Second trial Mean

Grain Stover Grain Stover Grain Stover

Biochar (B) (t/ha)
 0 9.4 80.0b 52.8 97.8b 31.1b 88.9b
 10 12.2 93.9a 60.7 128.4a 36.5a 111.2a
 SEM 1.11 4.26 2.88 7.20 1.54 4.18
 P value 0.077 0.028 0.063 0.005 0.017 0.001

Rock phosphate (RP) (kg P2O5/ha)
 0 11.3 86.4 63.8 106.3 37.6 96.3
 20 9.9 86.0 54.5 112.2 32.2 99.1
 40 9.3 85.4 52.4 117.5 30.8 101.4
 60 12.7 90.0 56.3 116.6 34.5 103.3
 SEM 1.573 6.03 4.07 10.18 2.18 5.92
 P values 0.433 0.947 0.234 0.859 0.152 0.855

b b b

b

a

b b
b

0

20

40

60

80

100

0 20 40 60

)ah/gk(tnetnoc
N

niarG

Rock phosphate levels (kg P2O5/ha)

Biochar 0 t ha-1 Biochar 10 t ha-1P = 0.006

Fig. 3   Grain N content of Bambara groundnut in the second trial as 
influenced by biochar and rock phosphate levels interaction. Bars 
with the same letter(s) are not significantly different at 5% level using 
Duncan’s Multiple Range Test. Error bars represent standard error of 
mean (SEM) values
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of rock phosphate significantly decreased the grain N con-
tent from 80.4 and 47.2 kg/ha recorded in the sole biochar 
treatments in the second trial and the mean, respectively, to 
51.4–57.9 kg/ha and 32.6–33.2 kg/ha, respectively. The dif-
ference among the treatments that received a combination 
of biochar and rock phosphate application and those which 
received rock phosphate alone without biochar or those treat-
ments without either biochar or rock phosphate application 
was not observed. Overall, in the second trial and the mean, 
the sole biochar treatment was significantly higher than the 
other treatments. 

The higher grain N content observed in the treatments 
which received sole application of biochar compared to other 
treatments could be explained by the ability of biochar to 
mobilize and retain soil nutrients including N and P for use 
by crops, thereby reducing the high demand for external P 

by the crop, whereas rock phosphate upon dissolution adds 
phosphorus to the soil which in this case appears to have a 
toxic effect on the crop. Van Zwieten et al. (2010) reported 
increased N retention due to biochar application. Biochar 
is also known to raise soil pH which makes the soil P more 
readily available for crop’s uptake, which can make addi-
tional P from rock phosphate to have little or no impact on 
the crop. Yamato et al. (2006) found the biochar application 
to decrease the exchangeable Al3+ content of the soil by 
increasing the pH of the soil. It also increased the available P 
contents, exchangeable cations, and the total plant N content 
(Yamato et al. 2006).

Total N content and percentage nitrogen derived 
from the atmosphere (% ndfa)

The influence of biochar and rock phosphate on the total N 
content and % ndfa of Bambara groundnut is presented in 
Table 4.

Effect of biochar

Biochar application significantly increased the total N con-
tent of the crop from 89.3, 150.7, and 120.0 kg/ha recorded, 
where no biochar was applied in the first trial, second trial, 
and the mean, respectively, to 106.1, 189.1, and 147.6 kg/
ha, respectively (Table 4). However, no significant (P > 0.05) 
influence of biochar on the % ndfa of the crop was observed 
in the first trial (44.4–45.6%), second trial (56.6–61.2%), and 
the mean (51.1–52.8%). The higher total N content observed 
in the treatments that received biochar application could be 
explained by the higher plant dry weight, since the % ndfa 
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Fig. 4   Grain N content of Bambara groundnut in the combined as 
influenced by biochar and rock phosphate levels interaction. Bars 
with the same letter(s) are not significantly different at 5% level using 
Duncan’s Multiple Range Test. Error bars represent standard error of 
mean (SEM) values

Table 4   Total N content and 
percentage nitrogen derived 
from the atmosphere (% ndfa) 
of Bambara groundnut as 
influenced by rice husk biochar 
and rock phosphate application

Means followed by the same letter(s) within a column are not significantly different at 5% level using Dun-
can’s multiple range test
SEM standard error of mean, P values probability values

Treatments First trial Second trial Mean

Total N con-
tent (kg/ha)

% ndfa (%) Total N con-
tent (kg/ha)

% ndfa (%) Total N con-
tent (kg/ha)

% ndfa (%)

Biochar (B) (t/ha)
 0 89.3b 45.6 150.7b 56.6 120.0b 51.1
 10 106.1a 44.4 189.1a 61.2 147.6a 52.8
 SEM 4.88 1.78 9.45 2.53 5.32 1.55
 P value 0.021 0.645 0.007 0.217 0.001 0.447

Rock phosphate (RP) (kg P2O5/ha)
 0 97.7 41.5 170.1 58.4 133.9 49.9
 20 95.8 47.7 166.8 57.0 131.3 52.4
 40 94.7 47.4 169.8 61.3 132.2 54.4
 60 102.7 43.4 172.9 58.9 137.8 51.2
 SEM 6.90 2.51 13.36 3.58 7.52 2.19
 P values 0.849 0.238 0.991 0.865 0.932 0.529
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of the crop was not influenced by the application of biochar. 
Yang et al. (2010) reported plant dry weight as the key driv-
ing factor behind total N content and N fixation in legumes. 
The % ndfa (51.1–52.8%) of the crop in the mean was within 
the range of 33–98% reported by Mohale et al. (2014).

Effect of rock phosphate

No significant (P > 0.05) influence of rock phosphate on the 
total N content of the crop was observed in the first trial 
(94.7–102.7 kg/ha), second trial (166.8–172.9 kg/ha) and the 
mean (131.3–137.8 kg/ha). Similarly, the % ndfa recorded 
by the crop in the rock phosphate treatments in the first trial 
(41.5–47.7%), second trial (57.0–61.3%), and the mean 
(49.9–54.4%) was not significantly (P > 0.05) influenced by 
rock phosphate application (Table 4).

Nitrogen fixed in the shoot and the total N fixed

Nitrogen fixed in the shoot and the total N fixed of Bambara 
groundnut as influenced by biochar and rock phosphate lev-
els are presented in Table 5.

Effect of biochar

Biochar application significantly (P < 0.05) increased the 
N fixed in the shoot of the crop from 89.0 and 64.9 kg/ha 
recorded in the second trial and the mean, respectively, to 
116.7 and 81.5 kg/ha, respectively. However, in the first 
trial, the N fixed in the shoot (40.9–46.3 kg/ha) of the crop 
was not significantly influenced by the application of bio-
char. For the total N fixed, biochar application significantly 

(P < 0.05) increased the total N fixed of the crop from 124.5 
and 90.9 kg/ha in the second trial and the mean, respectively, 
to 163.4 and 114.1 kg/ha, respectively. However, in the first 
trial, the total N fixed (57.2–64.8 kg/ha) was not signifi-
cantly (P > 0.05) influenced by biochar (Table 5). The total 
N fixed (90.9–114.1 kg/ha) in the mean, where biochar was 
applied falls within the range of 4–200 kg/ha reported by 
Mohale et al. (2014). The higher N fixed in the shoot and 
the total N fixed observed in the second trial and the mean 
as a result of biochar application could be explained by the 
higher plant dry weight, since the % ndfa of the crop was not 
influenced by the application of biochar. Yang et al. (2010) 
reported plant dry weight as the key driving factor behind 
N fixation in legumes. This shows that Bambara groundnut 
such as other crops could benefit from the use of biochar 
and hence, an option for increasing the yield of the crop in 
the study area.

Effect of rock phosphate

No significant (P > 0.05) influence of rock phosphate appli-
cation on the N fixed in the shoot of the crop in the first 
trial (39.3–46.0 kg/ha), second trial (97.8–106.0 kg/ha), 
and the mean (71.3–75.1 kg/ha) was observed. Similarly, 
the total N fixed in the first trial (55.0–64.4 kg/ha), second 
trial (137.0–148.4 kg/ha), and the mean (99.9–105.2 kg/ha) 
was not significantly (P > 0.05) influenced by the rock phos-
phate application (Table 5). The lack of significant (P > 0.05) 
response to rock phosphate application recorded in the N 
content and fixation of the crop despite the low soil P sta-
tus, suggests that Bambara groundnut such as other legumes 

Table 5   Nitrogen fixed in 
the shoot and total N fixed 
of Bambara groundnut as 
influenced by biochar and rock 
phosphate application

Means followed by the same letter(s) within a column are not significantly different at 5% level using Dun-
can’s multiple range test
SEM standard error of mean, P values probability values

Treatments N fixed (kg/ha)

First trial Second trial Mean

Shoot Total Shoot Total Shoot Total

Biochar (B) (t/ha)
 0 40.9 57.2 89.0b 124.5b 64.9b 90.9b
 10 46.3 64.8 116.7a 163.4a 81.5a 114.1a
 SEM 2.53 3.55 7.96 11.15 4.18 5.85
 P value 0.140 0.140 0.020 0.020 0.007 0.007

Rock phosphate (RP) (kg P2O5/ha)
 0 39.3 55.0 103.4 144.7 71.3 99.9
 20 46.0 64.4 97.8 137.0 71.9 100.7
 40 44.3 62.0 106.0 148.4 75.1 105.2
 60 44.7 62.5 104.1 145.8 74.4 104.2
 SEM 3.58 5.01 11.26 15.76 5.91 8.27
 P values 0.574 0.574 0.961 0.961 0.961 0.961
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could explore large soil volume for moisture, P, and other 
nutrients.

Conclusions

The application of rice husk biochar increased the total mean 
of nitrogen content and N fixed by the crop from 120.0 and 
90.9 kg/ha to 147.6 and 114.1 kg/ha, respectively. However, 
the effect of rock phosphate application on the nitrogen con-
tent and fixation of the crop was not observed. Thus, biochar 
application at 10 t/ha alone was sufficient for nitrogen con-
tent and fixation of the crop. This implies that farmers in the 
study area can apply rice husk biochar at 10 t/ha to enhance 
the performance of the crop.
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