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A B S T R A C T

The effect of biochar alone or co-applied with triple superphosphate on rhizosphere soil characteristics, nodule
formation, phytoconstituents and antioxidant property of cowpea (Vigna uguiculata) is yet to be adequately
examined in sub Saharan Africa. A field experiment was conducted where cowpea (Vigna unguiculata) was grown
in a tropical sandy loam soil amended with biochar at 1.5 t ha�1 and 2.5 t ha�1 solely or together with inorganic
phosphate fertilizer (Triple superphosphate), applied at a rate of 60 kg P ha �1. At 50% flowering, changes in
selected rhizosphere soil properties (pH, total nitrogen, available phosphorus, soil organic carbon, cation ex-
change capacity), nodule count, phytochemicals (phenols, flavonoids, alkaloids, tannins, saponins) and antioxi-
dant property of cowpea roots and leaves were determined by standard laboratory procedures. Differences
between means of the measured parameters were established using ANOVA, and relationships among the pa-
rameters were explored using Pearson correlation (p < 0.05). Addition of biochar solely or in combination with
TSP significantly (p < 0.05) increased soil pH, total nitrogen, available phosphorus, soil organic carbon, cation
exchange capacity and root nodule count. Flavonoids, phenols, alkaloids, saponin, tannin contents and antioxi-
dant activity in the roots and leaves were significantly (p < 0.05) higher in the amended soils compared with the
unamended soil. Similarly, soil flavonoids, phenols, alkaloids and antioxidant activity were significantly higher in
amended soils compared with control. Significant, positive inter and intra correlation with varying strength was
found between soil properties, nodule number and phytoconstituents. This is an indication that biochar can be co-
applied with triple superphosphate to sustain soil fertility, improve nodulation and enhance concentrations of
phytoconstituents in soil, cowpea roots and leaves.
1. Introduction

Large tracts of arable lands in sub-Saharan Africa (SSA) are charac-
terized by poor fertility, particularly with low nitrogen and phosphorus
content (Lal, 2019). These soils often show high aluminum toxicity and
low percentage base saturation (Sade et al., 2016). Biochar application
has received a heightened research attention as a novel approach to
restoring soil fertility especially in acidic and low nutrient SSA soils
(Mensah and Frimpong, 2018; Raboin et al., 2016; Rondon et al., 2007).
Biochar is a stable C by-product obtained from pyrolysis or thermo-
chemical decomposition of organic feedstock in a high temperature and
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no or limited oxygen environment (Lehmann and Joseph, 2015). Biochar
improves soil quality by increasing soil pH (Chan et al., 2008), cation
exchange capacity (Lehmann, 2007; Uzoma et al., 2011), soil nutrient
retention capacity (Gao et al., 2016), enhancing microbial biomass and
activity (Lehmann et al., 2011; Phares et al., 2017) and improving soil
moisture retention capacity (Duku et al., 2011).

Studies have shown that biochar produced from crop residues such as
corn cob and rice husk, often have low nitrogen (Deenik and Cooney,
2016; Liu et al., 2019) and phosphorus (Deenik and Cooney, 2016)
contents. Then again, when animal residue is charred, P bioavailability in
the charred biomass is reduced (Wu et al., 2012). Dai et al. (2016)
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explained that the reduction in P after charring animal residue is due to
bonding of P with multivalent metal cations in biochar which affects P
bioavailability. It is therefore imperative to supplement the N and P in
biochar amended soils with inorganic or organic inputs. Previous studies
involving biochar co-applied with compost (Naeem et al., 2018), poultry
manure (Phares et al., 2017) or inorganic fertilizer (NPK) (Naeem et al.,
2018; Yu et al., 2017) respectively have shown significant additive ef-
fects of the combined amendments on soil physicochemical and biolog-
ical properties and crop yields.

Here, we examined the potential of combined biochar and inorganic
phosphorus application to sustainably overcome phosphorus deficiency
in acidic Ghanaian soils. We hypothesize that the liming effect of the
added biochar will address the potential phosphorus retention and low
phosphate availability to crops in acidic soils amended with inorganic
phosphorus fertilizer. Our hypothesis is underpinned by the fact that
available phosphorus is limited in acidic tropical soils due to precipita-
tion by mainly Al3þ and Fe3þ ions. Thus, biochar addition offers the
potential to raise soil's pH beyond the threshold where P fixation by Al3þ

and Fe3þ ions is likely to occur, resulting in higher phosphorus avail-
ability for plant uptake. The liming effect of the applied biochar can also
increase the CEC of acid soils through a reduction of soluble Al3þ and
Fe3þ, which could also increase the availability of P and other nutrients.
It is also postulated in our study that the availability of phosphorus is
necessary for nodule formation, nitrogen fixation and growth of cowpea.

Cowpea is an important legume in most SSA countries as the grains,
roots and leaves serve as major source of protein for people and as
sources of feed for animals (Quaye et al., 2009; Timko and Singh, 2008).
Cowpea is reported to be rich in phytochemicals, such as phenols, fla-
vonoids and alkaloids (Alidu et al., 2020; Sivakumar et al., 2018; Sombi�e
et al., 2018). The phytochemicals have medicinal uses and as important
secondary metabolites, they moderate, soil-plant-microorganism in-
teractions including alellopathy, defense against cowpea diseases and
pest, nodulation, nutrient fixation and N uptake (Aniszewski, 2007;
Bhattacharya et al., 2010; Hu et al., 2005). For instance, flavonoids
together with phenols regulates how rhizobia colonize legume roots, and
enhances rhizobia survival in the rhizosphere (Cooper, 2004). Allahdadi
and Farzane (2018) reported that high soil N application decreased total
phenolics, flavonoids and antioxidant activity in artichoke leaves while
Gomaa et al. (2015) observed an increase in flavonoid content of Trifo-
lium alexandrinum following the application of Sonchus oleraceus residue.
In contrast, Ibrahim et al. (2013) found that addition of chicken dung
enhanced the production of secondary metabolites such as total pheno-
lics, flavonoids, saponin and improved antioxidant activity.

So far, there is paucity of information regarding the effect of biochar
and inorganic phosphorus fertilizer on rhizosphere soil properties,
nodule formation and phytoconstituents contents of cowpea grown on
tropical sandy loam soils and under field condition. Therefore, this study
was undertaken to examine the effect of biochar applied solely or in
combination with inorganic P fertilizer on; (i) Soil pH, total N, SOC and
available P contents, and CEC as well as cowpea root nodule counts and
(ii) Flavonoids, phenols, alkaloids, saponin, tannin contents and antiox-
idant activity and in the rhizosphere soil, roots and leaves of cowpea
grown on a tropical sandy loam soil.

2. Materials and methods

2.1. Site description, experimental layout and planting

A micro plot field experiment was carried out between December,
2019 and February, 2020, at the Research and Teaching Farm of the
School of Agriculture, University of Cape Coast. The experimental site is
located in the coastal savannah agro - ecological zone with coordinates
(5.131782, -1.294073). The area experiences a bimodal rainfall i.e. a
major rainy season and a minor rainy season, followed by a dry season.
The soils of the area belong to a local classification called Benya series
belonging to Haplic Acrisol (FAO, I. Working Group WRB, 2015), which
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is part of the Edina catena. It developed from Sekondian rocks; mainly
sandstones, shales, and conglomerates (Asamoa, 1973).

Biochar was produced from pyrolysis of dry rice husk feedstock at
approximately 400 �C for 35 min, using a locally manufactured top-lit
updraft kiln (TLUD). The properties of the soil and biochar used in the
study are summarized in Tables 1 and 2. The design used for the exper-
iment was randomized complete block design with four replications. The
size of a plot per treatment was 1.5 m � 2.5 m.

Biochar was applied solely or in combination with triple superphos-
phate (TSP). Table 3 indicates rates and treatment combinations of bio-
char and triple superphosphate (TSP) used for the experiment. Potassium
(K) was supplied to all plots from muriate of potash (MOP).
2.2. Planting and agronomic practices

The Department of Molecular Biology and Biotechnology of the
University of Cape Coast provided the cowpea seeds used in the study.
Biochar was incorporated uniformly into the soil to a depth of 0.1 m, 5
days before the cowpea seeds were sowed to ensure that the biochar had
equilibrated in the soil and the spike in heat at the beginning of biochar
mineralization has subsided. Three cowpea seeds were sown per hill at a
spacing of 0.3 m within row� 0.5 m between row. The cowpea seedlings
were thinned to two plants per hill, 8 days after emergence with each plot
having 50 plant stands. Triple superphosphate (60 kg P ha�1) and MOP
(45 kg K ha�1) was applied on the 14th day after planting (DAP), using
side dressing where they were applied to the base of the crop. These
fertilizers were dissolved in tap water to ensure the minimum electrical
conductance that will not adversely affect physiological functions of the
plants by dissolving 3.8 g of each fertilizer in 50 mL of tap water per
plant.

The seedlings were watered every week to 70% field capacity by
using time domain reflectometry (TDR) method to check loss in soil
moisture. Field capacity was estimated as described by Walker (1989).
Weeding was done on three occasions during the growing period. Neem
extract was applied to control pest and disease as described by Badii et al.
(2008) and Ganiyu et al. (2017). The experimented was conducted for 35
days after emergence.
2.3. Data collection

2.3.1. Sample collection, preparation and nodule count
Six plants and their rhizosphere soil were respectively collected when

the cowpea plants had attained 50% flowering. Plants within the central
rows of each treatment plot previously tagged were carefully uprooted
using a spade with a ball of earth to a depth of approximately 40 cm. Prior
to roots excavation, plots were moistened to allow for ease of excavation
to reduce retention of nodules in the soil. Soils attached to the cowpea
roots were carefully shaken into a bowl and the roots were carefully
washed under running water to enable removal of the nodules attached
to the roots. The nodules were counted with the aid of a magnifying glass
and placed into labeled ziplock bags. The cowpea roots and leaves were
separated and dried to about 10% moisture content. The dry root and
aboveground biomass samples were then ground and stored in clean and
labeled ziplock bags for laboratory analysis 2 days afterwards. The
rhizosphere soil collected under the roots of the uprooted cowpea plants
were sieved through 2 mm mesh; stored in ziplock bags and sent to the
laboratory for further investigation.

2.3.2. Effective nodule count
The number of effective nodules was estimated by observing the in-

ternal colour of the nodule (Kawaka et al., 2018; Thrall et al., 2011). The
nodules were cut into two halves to observe the colour of the interior.
Nodules which showed pink-reddish colouration were designated effec-
tive and assumed to be able to fix nitrogen while the nodules that showed
green or no coloration were described as ineffective nodules.



Table 1. Initial physical and chemical properties of experimental soil (n ¼ 3).

Soil properties Mean Standard deviation

pH 5.43 0.02

Total nitrogen (%) 0.08 0.01

Available phosphorus (mg kg-1) 8.5 0.34

Soil organic carbon (%) 0.73 0.05

Exchangeable acidity (cmol kg-1) 0.92 0.06

CEC (cmol kg-1) 4.47 0.28

Sand* 68%

Silt* 10%

Clay* 22%

* Soil parameter had only two replicates.

Table 2. Properties of rice husk biochar used for the experiment (n ¼ 3).

Property Mean Standard deviation

pH 7.9 0.35

Total organic carbon (%) 71.2 3.40

Total nitrogen (%) 0.48 0.06

C:N ratio 149.5 20.44

Available phosphorus (g kg-1) 0.51 0.04

Total phosphorus (%) 0.17 0.03

Total potassium (%) 1.2 0.04

CEC (cmol kg�1) 1.4 0.03

Ash (%) 15 1.53

EC (dS m-1) 0.6 0.08

Table 3. Rates and treatment combinations of biochar and triple superphosphate (TSP) used for the experiment (number of replications ¼ 4).

Treatment BC (t ha�1) TSP (kg ha �1)

CTRL 0 0

BC1.5 1.5 0

BC2.5 2.5 0

BC1.5 þ P 1.5 60

BC2.5 þ P 2.5 60

CTRL: control, BC1.5 ¼ biochar at 1.5 t ha�1, BC2.5 ¼ biochar at 2.5 t ha�1, P ¼ phosphorus fertilizer TSP: triple superphosphate.
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2.4. Laboratory analyses

2.4.1. Analysis of experimental soil physicochemical properties
The pH of experimental soil was measured using the glass electrode of

a Suntex SP-701 pH meter in 1:2.5 soil: water (w/v) suspension. The soil
organic carbon (SOC) content was determined by the modified wet
oxidation method (Nelson and Sommers, 1996). Total nitrogen in soil
was determined using the micro Kjeldahl method as described by Stew-
arte et al. (1974). Available phosphorus (AvP) content in the soil was
analyzed following the Bray-1 acid method (Maghanga et al., 2015). The
ammonium acetate (at pH 7) extraction method was used to determine
the cation exchange capacity (CEC) of soil (Dohrmann, 2006) and acid
(KCl) titration was used to determine exchangeable acidity of soil
(Anderson and Ingram, 1993). The hydrometer method (Ashworth et al.,
2001) was used to analyze the soil particle size distribution and the
textural class of the soil was determined with the USDA textural triangle.

2.4.2. Analysis of biochar physicochemical properties
The pH of biochar was determined using the glass electrode of a

Suntex SP-701 pH meter in 1:5 water: biochar (w/v) suspension. Elec-
trical conductivity (EC) of biochar was determined using conductivity
meter (LF91, Germany). Loss on ignition method was used for biochar
3

carbon and ash determination by respectively heating biochar at 550 �C
(Mikos-Szyma�nska et al., 2019) and 900 �C (Ascough et al., 2018) for 4
h. Total nitrogen in biochar was determined using the micro Kjeldahl
method as described by Stewarte et al. (1974). Available phosphorus
(AvP) content in biochar was analyzed by Bray-1 phophomolybdate
blue method (Li et al., 2018) and total phosphorus using acid digestion
and colorimetric P measurement as described by Song and Guo (2012).
The ammonium acetate (at pH 7) method was used to determine the
cation exchange capacity (CEC) of biochar (Munera-Echeverri et al.,
2018).

2.4.3. Phytochemical and antioxidant analysis of leaves, root and soil

2.4.3.1. Sample extraction, phytochemical screening. Leaves and roots
were prepared by cold maceration procedure (Ncube et al., 2008) whiles
rhizosphere soil was prepared by oven-drying method (Iannucci et al.,
2013). Methanol was used as a solvent (Iannucci et al., 2013; Kong et al.,
2006; Ncube et al., 2008) to obtain extracts for the determination of
phytochemicals in the cowpea roots, above ground biomass and soil,
respectively. The extracts were screened to detect phenols, flavonoids,
alkaloids, saponins and tannins following standard protocols described
by Adegoke et al. (2010).
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2.4.3.2. Quantitative determination of phytoconstituents. Phenols content
in sample extracts were determined following a modified Folin-Ciocalteu
reagent assay protocol described by Adusei et al. (2019) and results re-
ported as gallic acid equivalent (GAE) (mg g�1) of dry extract. The
aluminum chloride colorimetric procedure was followed to determine
the flavonoid content of the extract using quercetin as a standard
(Chantiratikul et al., 2009). The total flavonoid content was expressed as
quercetin equivalent (QE) (mg g�1) of dry extract. To determine percent
alkaloid content hydrochloric acid dilution coupled with complete pre-
cipitation method was used (Adegoke et al., 2010) and the alkaloid
content (%) was estimated from Eq. (1);

% Alkaloid¼ weight of residue
weight of sample extract taken

� 100 (1)

Saponin content was determined using a protocol based on vanillin-
sulphuric acid colorimetric reaction (Adusei et al., 2019) and the result
expressed as diosgenin equivalent (DE) (mg g�1) of dry extract. Tannins
content in each extract was estimated following protein precipitation
binding protocol, using tannic acid as a standard. Results obtained for
tannin content was reported as tannic acid equivalent (TAE) (mg g�1) of
dry extract. Phosphomolybdenum assay method was used to determine
antioxidant activity using ascorbic acid as a reference standard and the
results expressed as ascorbic acid equivalent (AAE) (mg g�1) of dry
weight extract (Akinmoladun et al., 2007).
2.5. Data and statistical analysis

All the data generated in the study were analyzed using the Genstat
statistical software (GenStat 14.1, VSN International, Oxford, UK). The
data was generally presented as mean�1 standard deviations. A one-way
analysis of variance (ANOVA) was used to compare means of the various
parameters studied. Significant differences between means were estab-
lished at 5% probability unless otherwise stated. A mean ranking was
done using Fisher's Least Significant Difference (LSD) comparison
assuming equal means. Pearson correlation was used to establish rela-
tionship between parameters measured.

3. Results

3.1. Effect of biochar and triple superphosphate fertilizer on rhizosphere
soil properties

The effects of biochar and triple superphosphate fertilizer on rhizo-
sphere soil properties are presented in Table 4.

3.1.1. Soil pH
All the treatments significantly (p< 0.05) increased soil pH compared

with the control (Table 4), with the highest value (6.11) recorded in the
combined biochar at 2.5 t ha�1 and TSP treatment, whiles the lowest
value (5.43) recorded for the control plot. Soil pH increased with
increasing biochar rates, such that when biochar rate was increased from
Table 4. Rhizosphere soil properties following application of biochar and inorganic

Treatment pH Total N (%)

Control 5.43 � 0.03a 0.09 � 0.02a

BC1.5 5.83 � 0.03b 0.22 � 0.04b

BC2.5 6.10 � 0.01c 0.30 � 0.02c

BC1.5 þ P 5.86 � 0.01b 0.36 � 0.03d

BC2.5 þ P 6.11 � 0.01c 0.43 � 0.03e

%CV 0.4 9.5

BC1.5 ¼ biochar at 1.5 t ha�1, BC2.5 ¼ biochar at 2.5 t ha�1, P ¼ phosphorus fertiliz
carbon, CEC ¼ cation exchange capacity. Each value is presented as mean �1 stand
perscripts are not significantly different at p < 0.05 using Fisher's protected LSD test
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1.5 t ha�1 to 2.5 t ha�1, pH increased from 5.83 to 6.10. However, when
biochar at respective rates (1.5 t ha�1 and 2.5 t ha�1) were co-applied
with TSP fertilizer, no significant increases were recorded compared
with biochar alone. The rise in soil pH followed the order; control <
BC1.5 < BC1.5 þ P < BC2.5 < BC2.5 þ P.

3.1.2. Total nitrogen
The amendments applied to soil resulted in significant (p < 0.05)

increases in total soil nitrogen content compared with the control
(Table 4). The lowest total soil nitrogen content (0.09%) was observed in
the control plot and the highest (0.43%) was observed when 2.5 t ha�1

biochar and 60 kg P TSP were applied together. In addition, increasing
biochar rates from 1.5 to 2.5 t ha�1 increased total N by 36% compared
with the former. It was also observed that when biochar at the respective
rates was co-applied with TSP, total N increased significantly (p < 0.05).

3.1.3. Available phosphorus
The incorporation of biochar solely or in combination with TSP

significantly (p < 0.05) increased available soil phosphorus in all the
treatments. The soil analysis results showed that soil available P contents
ranged from 7.34 mg kg�1 to 26.78 mg kg�1 respectively for the control
field and the plots that received 2.5 t ha�1 biochar in combination with
TSP.

3.1.4. Soil organic carbon
The addition of biochar and triple superphosphate significantly (p <

0.05) increased SOC (Table 4). Notably, when biochar rate was increased
from 1.5 t ha�1 to 2.5 t ha�1, SOC increased by 19.6%. No significant
change in soil SOC occurred when biochar at rates of 1.5 and 2.5 t ha�1

were co-applied with TSP compared to the treatments without TSP.

3.1.5. Cation exchange capacity
CEC increased significantly in all amended plots above that observed

in the control treatment. Although increasing the rate of biochar applied
solely resulted in an increase in CEC (Table 4), the combined addition of
TSP and biochar did not yield any further increases in CEC.

3.1.6. Nodule number and effective nodule number
The total and effective numbers of root nodules found in the study are

summarized in Figure 1.
Application of biochar and TSP greatly increased both the absolute

and effective number of root nodules compared with the unamended soil
(Figure 1). The number of effective root nodules number followed the
increasing order; control < BC1.5 < BC2.5 < BC1.5 þ P < BC2.5 þ P.
3.2. Effect of biochar and triple superphosphate fertilizer on
phytoconstituents, antioxidant activity of cowpea roots, leaves and
rhizosphere soil

Table 5, summarizes the content of phenols, flavonoids, alkaloids,
tannins, saponins and antioxidant activity of root and leaves. The results
phosphorus fertilizer (TSP) (n ¼ 3).

AvP (mg kg�1) SOC (%) CEC (cmolc kg�1)

7.34 � 0.09a 0.72 � 0.00a 4.43 � 0.10a

11.25 � 0.43b 1.12 � 0.03b 5.05 � 0.07b

13.92 � 0.67c 1.34 � 0.02c 6.38 � 0.05c

23.52 � 0.79d 1.16 � 0.04b 5.08 � 0.10b

26.78 � 0.65e 1.36 � 0.02c 6.41 � 0.04c

3.5 2.3 1.4

er; CV: coefficient of variation, AvP ¼ available phosphorus, SOC ¼ soil organic
ard deviation. Means in the same column and lettered with same alphabet su-
.
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of the treatments effect on total phenols, total flavonoids, alkaloids and
antioxidant activity of rhizosphere soil are shown in Figure 2.

The content of phenols, flavonoids, alkaloids, tannins, saponins and
antioxidant activity of root and leaves respectively differed significantly
(p < 0.05) with treatments (Table 5). Similarly, phenols, flavonoids, al-
kaloids and antioxidant activity were significantly (p < 0.05) higher in
amended soil compared with unamended soil.
Table 5. Phytochemicals, antioxidant activity of cowpea roots and leaves following a

Treatment Sample Phenols (mg GAE g�1) Flavonoids (mg QE g�1) Antioxidant activ

Control Leaves 1.39 � .03c 0.37 � 0.02de 0.07 � 0.01b

Roots 0.89 � .04a 0.13 � 0.02a 0.05 � 0.01a

BC1.5 Leaves 2.32 � 0.03g 0.74 � 0.03f 0.11 � 0.01de

Roots 1.10 � 0.02b 0.20 � 0.02b 0.08 � 0.01bc

BC2.5 Leaves 4.16 � 0.04h 0.78 � 0.03g 0.14 � 0.01f

Roots 1.81 � 0.02d 0.27 � 0.02c 0.09 � 0.02cd

BC1.5 þ P Leaves 4.29 � 0.04i 1.04 � 0.02h 0.16 � 0.01g

Roots 1.92 � 0.04e 0.34 � 0.02d 0.12 � 0.02e

BC2.5 þ P Leaves 5.02 � 0.09j 1.11 � 0.03i 0.19 � 0.01h

Roots 2.02 � 0.02f 0.39 � 0.02e 0.12 � 0.01e

% CV 1.6 3.7 9.4

BC1.5 ¼ biochar at 1.5 t ha�1, BC2.5 ¼ biochar at 2.5 t ha�1, GAE ¼ Gallic acid equiv
Antioxidant activity, TAE ¼ Tannic acid equivalent. Each value is presented as mean
superscript are not significantly different at p < 0.05 using Fisher's protected LSD tes
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The values of phytochemicals in soil, roots and leaves followed an
increasing order of; control < BC1.5 < BC2.5 < BC1.5 þ P < BC2.5 þ P.
Additionally, phytoconstituents and antioxidant activity, were in the
increasing order of; rhizosphere soil < roots < leaves, across all treat-
ments. Total phenol content (TPC) in the leaves ranged between 1.39 in
the control to 5.02 mg GAE g�1 in the 2.5 t ha�1 biochar plus TSP,
respectively. A similar trend was shown for TPC distribution in roots,
which ranged from 0.89 to 2.02 mg GAE g�1.

The highest leaf flavonoid content (1.11 mg QE g�1) was found in the
2.5 t ha�1 biochar plus TSP plots and the least (0.37 mg QE g�1) from the
control treatment. Consistent with the leaf flavonoid contents, the roots
showed similar increases in flavonoid content measured in the differently
amended soils with the lowest (0.13mg QE g�1) being found in the leaves
from the control treatment and highest (0.39 mg QE g�1) from plot
treated with 2.5 t ha�1 biochar co-applied with TSP.

The leaves from the control treatment recorded the lowest (0.65 %)
alkaloids content while the highest alkaloid content (1.86 %) was
measured in the leaves from the combined biochar and TSP treatment.
The alkaloid contents of the roots from the control plot were the lowest
(0.31 %) whereas the highest (0.61 %) was found in the combined 2.5 t
ha�1 biochar and phosphorus amended plots. (The range of leaf saponin
contents was 1.02–1.35 mg DE g�1 whiles that of the roots were
0.64–1.08 mg DE g�1. Tannin content was the lowest of all the phyto-
constituents and showed a range of 0.11–0.28 mg TAE g�1 in the leaves
and 0.07–0.15 mg TAE g�1 in the roots.

Varying antioxidant capacity was observed as a result of applying
biochar and inorganic phosphorus fertilizer. The leaves showed higher
antioxidant property than the roots across all treatments. The increase of
the antioxidant property was in order; control < BC1.5 < BC2.5 < BC1.5
pplication of biochar and inorganic phosphorus fertilizer (TSP).

ity (mg AAE g�1) Alkaloids (% w/w) Tannin (mg TAE g�1) Saponin (mg DE g�1)

0.65 � 0.04c 0.11 � .02b 1.02 � .02de

0.31 � 0.02a 0.07 � 0.01a 0.64 � .04a

0.90 � 0.04d 0.15 � .02cd 1.10 � .02f

0.46 � 0.02b 0.10 � .01b 0.83 � .02b

1.05 � 0.04e 0.17 � .02d 1.14 � .01f

0.50 � 0.01b 0.10 � 0.02b 0.91 � 0.04c

1.31 � 0.05f 0.23 � 0.01e 1.29 � 0.10g

0.58 � 0.02c 0.1433 � 0.01c 1.013 � 0.02d

1.86 � 0.12g 0.28 � 0.02f 1.35 � 0.03ef

0.61 � 0.03c 0.15 � 0.01cd 1.08 � 0.02g

5.8 10 3.6

alent, QE ¼ Quercetin equivalent, DE ¼ Diosgenin equivalent, w ¼ Weight. AA ¼
� standard deviation. Means in the same column lettered with same alphabets
t.

1.5+P BC2.5+P

Flavonoids  (mg QE/g)

Phenols (mg GAE/g)

Antioxidant activity  (mg
AAE/g)
Alkaloids  (% w/w)

o biochar and TSP application. BC1.5 ¼ biochar at 1.5 t ha�1, BC2.5 ¼ biochar at
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þ P < BC2.5 þ P. The range of antioxidant activity was 0.07–0.19 mg
AAE g�1 for leaves and 0.05–0.12 mg AAE g�1 for roots.

The outcome of the study indicated a significant rise in phenols, fla-
vonoids, alkaloids and antioxidant activity of rhizosphere soil following
the application of biochar alone or co-applied with inorganic P fertilizer.
The content of this metabolites in soil ranged between 0.39 to 0.76 mg
GAE g�1 for phenols, 0.09–0.24 mg QE g�1 for flavonoids and 0.03–0.12
% for alkaloids. Antioxidant activity in the rhizosphere soil ranged be-
tween 0.03 to 0.10 mg AAE g�1.

4. Discussion

4.1. Effect of biochar and triple superphosphate fertilizer on rhizosphere
soil properties

Addition of biochar and TSP increased soil pH, total nitrogen, avail-
able phosphorus, soil organic carbon and cation exchange capacity in the
present study. The increases in pH positively correlated strongly with
increases in CEC (r ¼ 0.93, p < 0.001) (Table 6). Biochar is reported to
contain high amount of carbonates and oxides of basic cations (Fidel
et al., 2017) which through liming reaction replaces Hþ and Al3þ on the
soil colloidal complex, consequently raising the soil's pH (Brady and
Weil, 2016). The increase in soil pH following sole biochar addition and
with increasing rates of biochar application is consistent with previous
findings (Steiner et al., 2007; Zhang et al., 2012). Moreover, when TSP
was co–applied with biochar, a slight increase in soil pH was observed
compared with the corresponding sole biochar additions. This is a clear
indication for including biochar and TSP in sustainable soil fertility
management policies, since it would optimize soil pH for P availability.
The soil pH range (5.4–6.1) observed in the biochar and TSP amended
soils fall within the optimum range for soil microbial activity, nutrient
availability (N, P, S, Ca, Mg) and growth of crops (McCauley et al., 2009;
Neina, 2019).

The observed increase in total nitrogen in our study could be asso-
ciated with fresh addition of nitrogen from biochar applied, as well as
symbiotic nitrogen fixation resulting from increase in nodule numbers (r
¼ 0.92, p < 0.001) in the present study. The direct influence of biochar
towards favourable soil conditions to favour availability of nitrogen can
be one of the mechanisms to explain the increased total nitrogen. This is
Table 6. Pearson correlation matrix of nodule number, selected phytochemicals and

pH TN (%) SOC

pH

TN (%) 0.84***

SOC (g kg�1) 0.99*** 0.86***

AvP (mg kg�1) 0.66** 0.92*** 0.68

Flavonoid (soil) 0.71** 0.93*** 0.73

Flavonoids (roots) 0.81*** 0.97*** 0.82

Phenols (soil) 0.70** 0.93*** 0.71

Phenols (root) 0.83*** 0.94*** 0.84

AAS 0.11ns 0.32ns 0.09

Alkaloids soil 0.75 0.91*** 0.75

CEC 0.93*** 0.74** 0.89

Saponins (leaves) 0.66** 0.91*** 0.7*

Saponins (root) 0.84*** 0.97*** 0.86

Taninns (leaves) 0.7** 0.93*** 0.72

Tannins (root) 0.68** 0.91*** 0.73

Antioxidant activity (leaves) 0.81*** 0.98*** 0.83

Antioxidant activity (roots) 0.75** 0.90** 0.79

Alkaloids (leaves) 0.75** 0.87*** 0.74

Alkaloids (root) 0.81*** 0.94*** 0.82

AAS ¼ antioxidant activity in soil, TN ¼ total nitrogen, AvP ¼ available phosphorus,
0.05, ** for 0.01 and *** for 0.001 probability level, ns ¼ non significant.
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further shown in the positive and significant correlation between soil
total N, available P and flavonoid contents of the roots (r ¼ 0.92, p <

0.001) and (r ¼ 0.97, p < 0.001) (Table 6). Cross and Sohi (2011)
explained that mineralization of biochar occur in soil and leads to the
release of its labile compounds such as nitrogen; usually at rapid rate
initially and continues slowly after sometime. Although it has been
shown that plant based biochar contain small amount of mineral nitro-
gen, they largely contribute to the total nitrogen pool (Cui et al., 2017).
Cowpea nodules have been documented to be involved in symbiotic ni-
trogen fixation (Ouma et al., 2016).

The increase in soil available phosphorus content could be associated
with the positive correlation with soil pH (r ¼ 0.61, p < 0.01) and the
contribution of labile phosphorus from biochar as well as triple super-
phosphate application. This suggests that combined application of bio-
char and TSP could potentially have a synergistic effect on soil available
P content. The result of our study could be very instrumental in devel-
oping strategies for improving phosphorus solubility and availability in
low pH tropical soils. In tropical soils, key factors such as low initial
phosphorus content of the soil and the dominance of soluble acidic cat-
ions (Al3þ, Fe3þ), reduce the solubility and availability of phosphorus
(Brady andWeil, 2016). Particularly, labile phosphorus is precipitated by
these ions in most acidic tropical soil. Our study indicates that this
challenge can be tackled by increasing soil pH through biochar applica-
tion and supplementing the native soil P with inorganic phosphorus
fertilizer. Biochar possess acid neutralizing effect as it adsorbs cations
especially, Al3þ onto its negatively charged surfaces, and in the process
reduce exchangeable acidity (Al3þ, Hþ) of the soil (Novak et al., 2009).
In addition, it causes the precipitation of Al and Fe as Fe(OH)3 and
Al(OH)3, which increases phosphorus availability in soil (Gerke, 1994).
The reduction in exchangeable acidity content by the added biochar
coupled with the release of fresh available phosphorus from the TSP
might have reflected in the elevated available P concentration in the
combined biochar and TSP treatments.

The increase in SOC content following biochar addition is probably
due to additional C added by the biochar. Biochar is reported to contain a
large amount of recalcitrant C that is not easily decomposed though not
entirely inert. It undergoes mineralisation and release labile fractions of C
into soil. The observed increase in SOC could also be related to positive
priming effect which stimulates the mineralization of native soil organic
rhizosphere soil properties of cowpea.

AvP Nodule count Flavonoids in soil

0.70**

0.92***

0.72**

** 0.98***

** 0.95*** 0.97***

*** 0.96*** 0.95*** 0.93***

** 0.98*** 0.98*** 0.96***

*** 0.89*** 0.88*** 0.83***

ns 0.32ns 0.19ns 0.23ns

** 0.94*** 0.93*** 0.94***

*** 0.55* 0.62* 0.63*

* 0.96***

*** 0.94***

** 0.96***

** 0.94***

*** 0.95***

*** 0.87***

** 0.87***

*** 0.94***

SOC ¼ soil organic carbon, CEC ¼ cation exchange capacity, significant at; * for
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carbon. Singh and Cowie (2014) espoused that biochar supports the
proliferation and metabolic activities of microbes to mineralize native
carbon.

Significant increases in cation exchange capacity in our study is an
encouraging outcome which reinforces the need to apply biochar to
tropical acid soil. The increase could be due to the high surface area,
porous characteristics and increased surface negative charges on the
added biochar resulting from ionization of functional groups, chiefly
carboxylic and phenolic groups (Liang et al., 2006). Elevated cation ex-
change capacity positively correlated with pH increases (r ¼ 0.93, p <

0.001) found in the amended soils. In agreement with Jien and Wang
(2013) and Novak et al. (2019), this implies that biochar application can
improve soil CEC and enhance nutrient retention capacity of tropical soil.

4.2. Effect of biochar and triple superphosphate on nodule formation

Nodule number positively correlated with pH, available phosphorus,
total nitrogen, soil organic carbon, cation exchange capacity, flavonoids,
phenols, and alkaloids in the present study. Nodules contribute to fixing
of nitrogen into the soil through a process called symbiotic nitrogen
fixation (SNF). The process, SNF is regulated by soil conditions (Mor�on
et al., 2005) which influence the survival, infection and activity of the
rhizobia. In our study, as pH increased from 5.8 to 6.11, nodule number
also increased from 10 to 91. This is congruent with the findings of
Mor�on et al. (2005) who reported high number of nodules at pH 5.5 and
above, but decreased at pH 7. Appunu and Dhar (2006) argued that
presence of toxic metal ions (Al3þ, Cu2þ andMn2þ) in acid soil negatively
affect the growth, abundance and persistence of non acid-tolerant
rhizobia leading to reduced root infection and nodulation (Mendoza--
Soto et al. 2015). In consistent, the activity of these metals were reduced
in the present study due to pH increase. The elevated concentration of
available phosphorus correlated positively with increasing nodule num-
ber, which is an indication that nodule initiation and development was
possibly influenced by the availability of phosphorus in this study. This
confirm previous reports that phosphorus is involved in nodulation
through crop growth stimulation, initiation of nodule formation as well
as enhancement of rhizobium-legume interaction (Karikari et al., 2015;
Kyei-Boahen et al., 2017; Nkaa et al., 2014). The improvement of other
soil properties such as cation exchange capacity, soil organic carbon and
total nitrogen is evident of an increased soil fertility, which would have
enhanced nodule formation. Rhizosphere flavonoids and phenols, both in
the root and soil, showed positive correlation with nodule formation. The
release of flavonoid into the soil has been shown to be affected by
external soil nutrient input as shown for dissolved organic carbon (Del
Valle et al., 2020) and phosphorus (Juszczuk et al., 2004) in related
previous studies. In the present study, biochar for instance optimized pH,
increased available phosphorus, soil organic carbon, which could have
stimulated the release of these metabolites. The elevation of these mol-
ecules in the rhizosphere potentially enhanced the formation of nodules
and subsequently nitrogen fixation in this study. Additionally, the pre-
sent study demonstrated that biochar did not suppress the release of
flavonoids and its function as communication molecule for rhizobia
infection of roots as seen in the increased effective nodule numbers.

4.3. Effect of biochar and triple superphosphate fertilizer on
phytoconstituents, antioxidant activity of cowpea roots, leaves and
rhizosphere soil

Biochar and triple superphosphate were observed to increase the
phytoconstituents and antioxidant properties of rhizosphere soil, leaves
and roots of cowpea. Research finding on biochar and triple superphos-
phate on phytoconstituents of cowpea is rudimentary for comparison.
However, the improvement of these phytoconstituents and antioxidant
capacity could be attributed to the improvement in soil fertility (Ibrahim
et al., 2013; Jansen et al., 2012; Taha et al., 2009; Zhu et al., 2009). The
present study showed positive correlations among many soil properties,
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phytoconstituents and antioxidant activity of roots and leaves. Specific
interaction of biochar with the phytoconstituents needs attention to
elucidate the fate and behavior of these molecules; particularly in soil
amended with biochar.

Increase in phytochemicals, particularly in the leaves and roots
reinforce the need to explore medicinal potential of the roots and leaves
of cowpea apart from its been consumed as food and or animal feed. In
soil, phenols and flavonoids act as signaling molecule in the establish-
ment of plant-microbe association particularly arbuscular mycorrhizal and
legume-rhizobia symbioses, provide adsorption sites for complexation of
ions implicated in phosphorus precipitation, consequently increasing
phosphorus availability in soil (Bhattacharya et al., 2010; Hu et al.,
2005). Similarly, alkaloid aids in nitrogen fixation and functions as
biofertilizers as well as carbon source for growing plant and soil microbes
(Aniszewski, 2007).

5. Conclusion

Tropical soils’ have low pH and largely deficient in phosphorus and
nitrogen so every effort to raise the pH and improve the levels of these
nutrients is needed. In this study, we demonstrated that combined bio-
char and TSP application increased soil pH, improved soil fertility,
nodulation and nitrogen fixation. Additionally, co-application of biochar
and TSP is a pragmatic strategy to improve leaf and root total phenolic,
total flavonoids, alkaloids, saponin, tannins concentrations and antioxi-
dant capacity.
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