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Abstract  
Research information on the effects of biochar and poultry manure on the growth, yield, and 

concentrations of nutrients in edible portions of sweet potato is rare, as essential nutrient concentrations 

in crops can affect human health. The objective of this study was to examine the synergistic effects of 

biochar (B) and poultry manure (PM) on leaf nutrient concentrations, root storage minerals, sweet 

potato growth, and yield. The field experiments were conducted in the forest-savanna transition zone 

of southwest Nigeria at two degraded sites (Owo - site A and Obasooto - site B). The treatments each 

year consisted of four levels of biochar (B): 0, 10.0, 20.0 and 30.0 t ha-1 and three levels of poultry 

manure (PM): 0, 5.0, and 10.0 t ha-1, which were combined in a 4 × 3 factorial layouts to form a total 

of twelve treatments. The twelve treatments were factorially arranged in a randomized complete block 

design with three replications. Data collected on sweet potato leaves, storage roots, growth, and yield 

were analyzed over two growing seasons (2019 and 2020). The results showed that the sole application 

of B and PM, as well as their combined application, improved the growth, yield, and nutritional quality 

parameters of sweet potatoes. As B and PM applications increased from 0 to 30.0 t ha-1 and 0 to 10.0 

t ha-1, respectively, leaf nutrient concentrations, root storage minerals, growth, and sweet potato yield 

increased. In both years, there were significant interactions of B and PM (B × PM) on all the sweet 

potato variables that were determined, indicating the potential of B in enhancing PM use efficiency. It 

was found that the highest application rate of 30.0 t ha-1 B and 10.0 t ha-1 PM gave the highest leaf 

nutrient concentrations, root storage minerals, growth, and yield of sweet potato at both sites. The 

study indicated that B in combination with PM has the potential to improve the growth, yield and 

nutrient content of the edible portions of sweet potato for human health in severely degraded soils.  

Keywords: Biochar, Degraded sites, Leaf nutrient contents, Mineral composition, Poultry manure, 

sweet potato 
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Introduction 
 

Low-fertile soil and poor soil fertility management practices are the major factors underlying poor 

agricultural productivity and its attendant low nutritional qualities of most crops in sub-Saharan Africa. 

Severely degraded land is a major challenge that threatens the productivity and sustainability of crops 

worldwide, due to continuous cultivation of the same land. According to Yousaf et al. (2017) and 

Asante et al. (2019), excessive chemical fertilizer application reduced the growth, yield, and nutritional 

quality of most crops. Root storage vegetables, especially sweet potato (Ipomoea batatas L.), are 

widely consumed in Nigeria and other parts of the world. Sweet potato is a healthy carbohydrate 

source, and the root crop is acknowledged with “antidiabetic” activity (Anbuselvi et al., 2012; Neela 

and Fanta, 2019). In vivo studies carried out by Mohanraj and Sivasankar (2014) found that 

carbohydrate from sweet potato stabilizes blood sugar levels and reduces insulin resistance. The leaves 

are eaten as vegetables in some Nigerian tribes and are commonly utilized as livestock fodder. The 

tuber contains anti-oxidants and carotenes, making it an inexpensive and excellent source of vitamin 

A for the impoverished. Sweet potato also has a significant amount of minerals like potassium, 

magnesium, and calcium, as well as vitamins (vitamin C and PVA), and different bioactive compounds 

(phenolic acids and anthocyanins for consumers (Hernández Suárez et al., 2016). 

For human welfare and economic development, access to nutritionally adequate and safe food is 

essential (FAO, 2021). According to statistical data for 2017, the FAO (2019) reported that 820 million 

people around the world were severely malnourished. 'Hidden hunger,' a deficiency of micronutrients, 

vitamins, and minerals, is the most severe type of malnutrition, affecting as many as 3 billion people 

worldwide (FAO, 2013). The concentration of trace nutrients has been reported to be an important 

component of healthy food (Dimkpa and Bindraban, 2016; Rattanachaiwong and Singer, 2019). 

According to Dimkpa and Bindraban (2016) and Kihara et al. (2020), trace nutrient deficiency in food 

is a growing human health issue, with N, P, K, Ca, Mg, and S classified as essential macronutrients, 

while Cu, Fe, Mn, Mo, Ni, Zn, B, Cl, Se, Si and Na are regarded as micronutrients (Dimkpa and 

Bindraban, 2016). 

The presence of low nutrient elements in the soil can have a negative impact on plant growth, yield, 

and nutritional value. Degraded soils have been remedied using methods such as the application of 

chemical fertilizers. Excessive use of these chemical fertilizers, on the other hand, causes soil physical 

degradation, acidification, increased eutrophication of water bodies, and increased greenhouse gas 

(GHG) emissions (Bisht and Chauhan, 2020; Piash et al., 2021). Most crops suffer from a reduction in 

yield and a loss of nutritional value as a result of these factors. As a result, natural and more 
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environmentally friendly and sustainable soil remediation technologies, such as biochar, must be used 

in place of synthetic fertilizers. 

Biochar is a pyrogenous, organic material synthesized through pyrolysis of different biomass (plant or 

animal waste) with little or no oxygen (Tomczyk et al., 2020). It has the ability to improve the physical, 

chemical, and biological characteristics of some soils (Lehmann and Joseph, 2015; Yan et al., 2020). 

It has attracted much interest in the last decade because of its numerous benefits in the fields of 

agriculture, climate change, wastewater treatment, and soil health (Yu et al., 2019). Biochar application 

has been shown to boost soil nutrient elements, improve agronomic benefits, and increase carbon 

residence time in soil (Lehmann and Joseph, 2015), improve soil aeration and water retention (Oh et 

al., 2014; Obia et al., 2018), and reduce nutrient leaching (Major et al., 2012; Gao and DeLuca, 2016). 

Nevertheless, due to its low nutrient concentrations and high resistance to biodegradation, biochar may 

be limited as a nutrient supply alone (Partey et al., 2014; Ndoung et al., 2021). Because of this negative 

impact, it has been advocated that biochar be used in conjunction with other amendments/organic 

manures such as poultry manure (Agegnehu et al., 2017; Blanco-Canqui, 2017; Adekiya et al., 2019; 

Ndoung et al., 2021). Poultry manure is rich in organic matter and supplies nutrients necessary for crop 

productivity. It has been observed that applying poultry manure to the soil, increases soil organic matter 

and other plant nutrients, improves soil physical and chemical qualities, and increases crop yields 

(Ewulo et al., 2008; Adeleye et al., 2010; Adeyemo et al., 2019; Hoover et al., 2019).  

So far, research on the potential of biochars to sequester carbon, improve soil physical qualities, and 

eliminate pollutants has primarily concentrated on pot experiments in greenhouses or laboratories 

(Novak et al., 2019; Yuan et al., 2019). To the best of our knowledge, no prior field research has 

examined the interacting effect of biochar and poultry manure on leaf nutrient concentrations, mineral 

composition, growth, and yield of sweet potato grown in severely degraded tropical Alfisols of 

southwest Nigeria. Thus, bridging these knowledge gaps is critical for long-term advantages in 

understanding the variations in biochar, poultry manure, and biochar-poultry manure nutrients release 

mechanisms and residual nutrition value. The working hypothesis in this study was that amending soils 

with biochar and poultry manure would significantly improve the agronomic characteristics of sweet 

potato and concentrations of key inorganic minerals for human nutrition in the edible portions of the 

sweet potato crop when compared to the untreated control. Hence, the objective of this study was to 

assess how application of biochar and poultry manure, affected the leaf nutrient concentrations, mineral 

composition, growth and yield of sweet potato grown on severely degraded tropical agricultural soils 

in southwest Nigeria. 
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Materials and methods 

Site description and treatments 

Field experiments were carried out at the Teaching and Research Farm of Rufus Giwa Polytechnic 

(Site A - latitude 7°13’29.0”N - 7°13’30.9”N and longitude 5°32’52.3”E - 5°32’54.2”E, with elevation 

varying from 314 to 320 m above sea level) and Obasooto village (Site B - latitude 7°12’30.5”N - 

7°12’31.8”N  and longitude 5°32’53.3”E - 5°32’54.1”E, with elevation varying from 272 to 280 m 

above sea level) (Fig. 1), in Owo, Ondo State, Nigeria during the 2019 and 2020 cropping seasons. 

Obasooto is located in the west of the Owo region and is about 10 km from Owo. Both sites are located 

within the forest-savanna transition zone of southwest Nigeria. The soils at Owo and Obasooto have a 

basement complex texture belonging to the Alfisols, classified as Oxic Tropuldalf (Soil Survey Staff, 

2014) or Luvisol (IUSS Working Group WRB, 2015) and locally classified as Okemesi Series (Smyth 

and Montgomery, 1962). The physical and chemical properties of the soils at site A and site B before 

the commencement of the experiment are presented in Table 1. The soil texture at site A was entirely 

sand, whereas the soil texture at site B was sandy loam (Table 1). Both sites’ soils were high in bulk 

density and moderately acidic, with low levels of organic carbon (OC), total N, available P, 

exchangeable K, Ca, and Mg. This could be due to soil degradation caused by continuous cropping of 

the soils at the experimentation sites. The average annual rainfall is about 1400 mm, and the mean 

annual temperature is about 32°C. The sites had been followed for a year after arable cropping, and 

none of them had received fertilizer in the previous six years. The experiment consisted of 4 × 3 

factorial combinations of biochar (B) (0, 10.0, 20.0 and 30.0 t ha-1) and poultry manure (PM) (0, 5.0 

and 10.0 t ha-1). The twelve treatments were factorially arranged in a three-replication randomized 

complete block design. Each block comprised of 12 plots, each measuring 5 × 4 m. The blocks were 1 

m apart and the plots were 0.5 m apart. Crop establishments were carried out in April each year. 

Throughout the two-year trial, the same location was used at each site. 
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Figure 1. Location map of the study area  
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Table 1. Soil physical and chemical properties (0-15 cm depth) of site A and site B prior to 

experimentation in 2019  (mean ± standard deviation) 

Property Site A Class Site B Class 

Sand (%) 92 ± 5.8  76 ± 4.3  

Silt (%) 3 ± 0.1   13 ± 0.5  

Clay (%) 5 ± 0.2   11 ± 0.4  

Textural class Sand  Sandy loam  

Bulk density (Mg m-3) 1.61 ± 0.04                       High 1.58 ± 0.03 High 

pH (water) 5.51 ± 0.2 Moderately acidic 5.52 ± 0.3 Moderately acidic  

Organic carbon (%) 1.23 ± 0.02 Low 1.34 ± 0.02 Low 

Total N (%) 0.12 ± 0.01 Low 0.14 ± 0.01 Low 

Available P (mg kg-1) 6.75 ± 0.3 Low 8.12 ± 0.4 Low 

Exchangeable K (cmol kg-1) 0.11 ± 0.01 Low 0.12 ± 0.01 Low 

Exchangeable Ca (cmol kg-1) 1.35 ± 0.02 Low 1.51 ± 0.02 Low 

Exchangeable Mg (cmol kg-1) 0.37 ± 0.01 Low 0.39 ± 0.01 Low 

 

Biochar and poultry manure preparation 

Biochar was procured from a neighboring industrial charcoal producer at Owo, Ondo State, 

Nigeria, who uses hardwood species such as Parkis biglosa, Khaya senegalensis, Prosopis 

africana and Terminalia glaucescens in traditional kilns to produce charcoal for home use. A 

thermocouple thermometer was used to monitor the temperature within the kiln, which had an 

average temperature of 580oC for the 24 hour carbonization period. Before use, the biochar was 

crushed and sieved through a 2-mm sieve. The poultry manure (PM) was obtained from the poultry 

unit of Rufus Giwa Polytechnic's Teaching and Research Farm in Owo, Ondo State. Layer 

chickens, egg laying breed (Leghorn), were reared/kept in battery cages, and the poultry manure 

was collected from their droppings. From their first laying period, the egg-laying chickens were 

fed Top Feeds Layer Mash and kept for a year. To allow for mineralization, the poultry manure 

was composted for three weeks. 

Land preparation, incorporation of biochar and poultry manure and planting of sweet potato 

vines 

The experimental sites were prepared by slashing the vegetation with a cutlass followed by 

removing weeds. The trial sites were then laid out according to the 5 × 4 m plot size that had been 

clearly specified. The soils were then tilled to a depth of 20 cm with a hand-held hoe. The biochar 

(B) and poultry manure (PM) were weighed and evenly spread over the soil at the specified rates 

(B: 0, 10.0, 20.0 and 30.0 t ha-1; PM; 0, 5.0 and 10.0 t ha-1). In this study, biochar application rates 

were kept within the International Biochar Initiative's suggested ranges (5-50 t ha-1) (Jirka and 

Tomlinson, 2015). The poultry manure rates (5-10 t ha-1) used in this study was adapted from 
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Agbede (2010), and the treatment combination was based on the integrated plant nutrition system 

strategy (IPNS), which involved combining full sole application of biochar at various levels with 

half and full sole application of poultry manure at various levels. A hand held hoe was used to 

incorporate the amendments into the soil to the depth of approximately 10 cm. Two weeks before 

planting sweet potato vines, biochar and poultry manure were incorporated into the soil to allow 

for equilibration of the amendments in the soil and the commencement of mineralization. 

Hardwood biochar was used for the production of the biochar while chicken droppings from egg 

laying breed (Leghorn) was used for the preparation of poultry manure. The hardwood feedstock 

and poultry manure were selected based on their accessibility, availability and sustainability in the 

region. 

After tilling the soil, sweet potato (Ipomoea batatas L. local variety) vines about 40 cm long were 

planted in April each year of the experiment. At a spacing of 1 m x 1 m, one sweet potato vine was 

planted per hole, giving sweet potato population of 10,000 plants ha-1. The field plot was manually 

weeded twice at 3 and 8 weeks after planting (WAP). During the trial, there was no irrigation water 

applied. 

Determination of initial soil physical and chemical properties 

Before the start of the experiment in 2019, soil samples were collected from 0-15 cm depth at 10 

different points selected randomly from the two experimental sites. The soil samples collected 

were bulked, air-dried and sieved using a 2-mm sieve for routine physical and chemical analysis, 

as described by Carter and Gregorich (2007). Particle-size analysis was done using the hydrometer 

method. Textural class was determined using a textural triangle. Soil bulk density was determined 

using the core method. Soil pH was determined in a soil/water (1:2) suspension using a digital 

electronic pH meter. Soil organic carbon content was determined by the Walkley and Black 

procedure using dichromate wet oxidation. Total N content was determined using micro-Kjeldahl 

digestion and distillation techniques. The content of available P was determined by Bray-1 

extraction followed by molybdenum blue colorimetry. Exchangeable K, Ca and Mg were extracted 

with a 1 M ammonium acetate (NH4OAC), pH 7 solution. Thereafter, exchangeable K was 

analyzed with a flame photometer, and exchangeable Ca and Mg were determined with an atomic 

absorption spectrophotometer. 

Analysis of biochar and poultry manure   
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Standard procedures were employed to determine the chemical properties/characteristics of the 

biochar and poultry manure used in the trials (Tel and Hagarty, 1984; International Biochar 

Initiative, 2011). The biochar was slightly alkaline, whereas poultry manure was slightly acidic. 

When compared to poultry manure, biochar had higher concentrations of OC, K, Ca, Mg, and a 

high C:N ratio, but poultry manure had higher concentrations of N and P, as well as micronutrients 

than biochar (Table 2).  

Table 2. Chemical composition of biochar and poultry manure used in the experiment 

Soil amendment Biochar Poultry manure t-value Sig. (2-tailed) 

pH (water) 7.86 6.25 4.48* 0.011 

Ash (%) 8.32 12.10 15.06** 0.000 

Organic C (%) 55.70 22.30 50.74** 0.000 

Nitrogen (%) 0.85 2.89 18.91** 0.000 

C/N 65.50 7.72 228.16** 0.000 

Phosphorus (%) 0.38 1.34 33.26** 0.000 

Potassium (%) 1.92 1.57 14.29** 0.000 

Calcium (%) 4.63 0.92 119.33** 0.000 

Magnesium (%) 3.78 0.46 22.84** 0.000 

Copper (%) 0.01 0.37 30.88** 0.000 

Manganese (%) 0.07 0.21 12.24** 0.000 

Sulphur (%) 0.10 0.33 17.82** 0.000 

Zinc (%) 0.01 0.24 20.07** 0.000 

Sodium (%) 0.21 0.27 3.67* 0.021 

Note: **means significant at 1%; *means significant at 5% 

Leaf analysis of sweet potato 

In 2019 and 2020 cropping season, 2- to 3-week-old sweet potato leaves were collected at 90 days 

after planting from five plants per plot for chemical analysis. The leaf samples were oven dried at 

80oC for 48 h before grinding in a Willey-mill. Leaf N was determined by micro-Kjeldahl digestion 

method. Samples were dry ashed at 500oC for 6 h in a furnace and extracted using nitric-perchloric-

sulphuric acid mixture for the determination of P, K, Ca and Mg. Leaf phosphorus was determined 

colorimetrically by the vanadomolybdate method. Potassium was determined using a flame 

photometer, and Ca and Mg were determined by the EDTA (ethylene diamine tetra acetic acid) 

titration method (AOAC, 2019). 

Analysis of mineral composition of sweet potato storage roots  

At 5 months after planting, the 10 central plants from each plot were harvested at each 

experimental site. From all the storage roots of sweet potato harvested per plot, five of them of 

uniform sizes were selected randomly. Selected storage roots of the sweet potato were washed 
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with clean water and peeled. Samples from each storage root were mixed together and chopped 

into small pieces. Resulting chips were properly mixed to obtain a uniform sample of root tissue 

from the five original storage roots. A 100 g sample was then taken and oven-dried at 600C for 24 

h. Dried samples were then ground in a mill with a stainless steel grinding tool and stored in air-

tight containers prior to chemical analysis. Mineral elements of sweet potato roots were 

subsequently determined or analyzed according to methods recommended by the Association of 

Official Analytical Chemists (AOAC, 2019). The samples were digested using 12 cm-3 of the 

mixture of HNO3, H2SO4 and HClO4 (7:2:1 v/v/v). Phosphorus was determined by the 

molybdenum blue colorimetric technique. Potassium, Ca, Mg, Fe and Zn contents were determined 

by the atomic absorption spectrophotometer.  

Determination of crop growth and yield parameters 

At 90 days after planting (DAP), when the sweet potato plant had reached its maximum 

development, ten plants were randomly selected per plot to determine vine length and leaf area. 

The length of the vines was estimated using the meter rule. The leaf area was calculated using a 

graphical method. The yield variables measured included the quantity of tubers, tuber weight (kg 

plant-1), and tuber yield (t ha-1). These were determined at 5 months after planting (MAP) by 

harvesting 10 sweet potato plants from each plot. The total number of tubers produced by each 

plant was physically counted and recorded as the number of tubers; the weights of the tubers were 

calculated and recorded as the tuber weight, and thereafter converted to tuber yield in tons per 

hectare. 

Statistical analysis 

The experiments were carried out in a randomized complete block design, with factorial 

arrangements so that the main effects of site (S), biochar (B) and poultry manure (PM) and the 

interactions of S × B, S × PM, B × PM and S × B × PM on leaf nutrient concentrations, root storage 

minerals, growth and yield of sweet potato could be tested. The data collected were analyzed using 

two-way analysis of variance (ANOVA) with the SAS (Statistical Analysis System) statistical 

software (SAS, 2013). The means of main factors and interactive effects were separated using 

Fisher's least significant difference (LSD) test at the 0.05 probability level. A t-test was conducted 

for the biochar and poultry manure data to determine if there is a significant difference between 

the means of the two amendments. 

Results 
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Effect of site, biochar and poultry manure on leaf nutrient concentrations of sweet potato 

The data on the effect of site, biochar and poultry manure on leaf nutrient concentrations of sweet 

potato in 2019 and 2020 are presented in Table 3. In both years (2019 and 2020), sites, biochar 

and poultry manure significantly influenced the leaf nutrient concentrations of the sweet potato. In 

both years (2019 and 2020), sole biochar or poultry manure application significantly increased leaf 

N, P, K, Ca and Mg concentrations, and concentrations increased with increasing rates of biochar 

and poultry manure application. Biochar application increased concentrations of N, P, K, Ca and 

Mg in the sweet potato leaves with rate of biochar from 0 to 30.0 t ha-1 in both years. Similarly, 

poultry manure application increased leaf N, P, K, Ca and Mg concentrations with rate of poultry 

manure from 0 to 10.0 t ha-1 in both years. In both years, the application of the sole biochar, sole 

poultry manure and their combined application at different rates significantly increased leaf N, P, 

K, Ca and Mg of sweet potato compared with the control (no application of biochar or poultry 

manure). The mixture or combined application of biochar and poultry manure at different levels 

increased leaf N, P, K, Ca and Mg of sweet potato than the sole biochar and sole poultry manure 

in both years. However, the highest application rates of both amendments (biochar applied at 30.0 

t ha-1 in combination with poultry manure applied at 10.0 t ha-1) (B30 + PM10) gave the highest 

sweet potato leaf N, P, K, Ca and Mg concentrations compared with other treatments in both years.  

When studied as individual factor, site significantly (p ≤ 0.05) influenced sweet potato leaf N, P, 

K, Ca and Mg concentrations in both years. When studied as individual factor, application of 

biochar significantly (p ≤ 0.05) increased sweet potato leaf N, P, K, Ca and Mg concentrations in 

both years. Likewise, the application of poultry manure as individual factor, significantly (p ≤ 

0.05) increased leaf nutrient concentrations of sweet potato in both years. The interactive effect of 

S × B, S × PM, and B × PM were significant for leaf N, P, K, Ca and Mg concentrations of sweet 

potato in both years. When all three factors (S × B × PM) were considered together, interactions 

were significant in both years. 
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Table 3. Effect of site, biochar and poultry manure on leaf nutrient concentrations of sweet potato 
 
 

Site 

 
Biochar 

(t ha-1) 

 
Poultry 

manure  

(t ha-1) 

 
N  

(%) 

 
P 

(%) 

 
K 

(%) 

 
Ca  

(%) 

 
Mg  

(%) 

   2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

Site A 0.0 0.0 2.15 2.05 0.06 0.06 1.45 1.36 0.10 0.08 0.05 0.04 

 0.0 5.0 2.32 2.47 0.08 0.10 1.68 1.80 0.13 0.20 0.07 0.12 

 0.0 10.0 2.61 2.76 0.10 0.12 1.98 2.11 0.31 0.38 0.09 0.14 
 10.0 0.0 2.29 2.24 0.07 0.09 1.91 2.03 0.19 0.26 0.10 0.15 

 10.0 5.0 2.54 2.69 0.14 0.16 2.17 2.29 0.43 0.50 0.12 0.17 

 10.0 10.0 2.83 2.98 0.17 0.19 2.48 2.60 0.66 0.73 0.14 0.19 
 20.0 0.0 2.31 2.46 0.08 0.10 2.35 2.47 0.46 0.53 0.13 0.18 

 20.0 5.0 3.12 3.27 0.20 0.22 2.61 2.73 0.69 0.76 0.16 0.21 

 20.0 10.0 3.41 3.56 0.23 0.25 2.83 2.95 0.80 0.87 0.18 0.23 

 30.0 0.0 2.67 2.82 0.10 0.12 2.52 2.64 0.93 1.00 0.15 0.20 

 30.0 5.0 3.44 3.59 0.26 0.28 2.93 3.05 0.98 1.05 0.17 0.22 

 30.0 10.0 3.99 4.14 0.29 0.31 3.16 3.28 1.06 1.13 0.19 0.24 
Site B 0.0 0.0 2.39 2.24 0.05 0.08 1.57 1.49 0.13 0.11 0.07 0.06 

 0.0 5.0 2.53 2.63 0.09 0.12 1.81 1.94 0.19 0.28 0.14 0.20 

 0.0 10.0 2.82 2.92 0.11 0.15 2.11 2.24 0.37 0.46 0.16 0.22 
 10.0 0.0 2.40 2.40 0.08 0.12 2.04 2.17 0.26 0.34 0.17 0.23 

 10.0 5.0 2.75 2.86 0.15 0.21 2.30 2.43 0.50 0.58 0.19 0.25 
 10.0 10.0 3.04 3.17 0.18 0.25 2.61 2.74 0.72 0.81 0.21 0.27 

 20.0 0.0 2.52 2.62 0.09 0.13 2.48 2.61 0.51 0.61 0.20 0.26 

 20.0 5.0 3.33 3.45 0.21 0.25 2.74 2.87 0.76 0.84 0.23 0.29 
 20.0 10.0 3.62 3.74 0.24 0.29 2.96 3.09 0.88 0.95 0.25 0.31 

 30.0 0.0 2.88 2.98 0.11 0.15 2.65 2.78 0.99 1.08 0.22 0.28 

 30.0 5.0 3.65 3.76 0.27 0.31 3.06 3.19 1.05 1.13 0.24 0.30 
 30.0 10.0 4.20 4.32 0.30 0.35 3.29 3.41 1.14 1.20 0.26 0.33 

  LSD (0.05) 0.11 0.13 0.003 0.004 0.10 0.12 0.004 0.006 0.003 0.005 

Site (S)   * * * * * * * * * * 
Biochar (B)   * * * * * * * * * * 

Poultry manure 

(PM) 

  * * * * * * * * * * 

S × B   * * * * * * * * * * 

S × PM   * * * * * * * * * * 

B × PM   * * * * * * * * * * 
S × B × PM   * * * * * * * * * * 

*Significant difference at p ≤ 0.05 

Effect of site, biochar and poultry manure on mineral composition of sweet potato storage roots 

The effect of site, biochar and poultry manure application on mineral composition of sweet potato 

storage roots in 2019 and 2020 are shown in Table 4. In both years (2019 and 2020), site, biochar 

and poultry manure application significantly affected concentrations of mineral nutrition in the 

storage roots of sweet potato. Generally, the sole application of biochar, sole application of poultry 

manure and their mixture at different levels significantly (p ≤ 0.05) increased mineral 

concentrations of P, K, Ca, Mg, Fe, Zn and Na with rates of application compared with the control 

(no application of biochar or poultry manure) in both years. In both years, biochar application 

significantly (p ≤ 0.05) increased mineral concentrations of P, K, Ca, Mg, Fe, Zn and Na with rates 

of application from 0 to 30.0 t ha-1. Similarly, poultry manure application significantly (p ≤ 0.05) 

increased mineral concentrations of P, K, Ca, Mg, Fe, Zn and Na with rates of application from 0 
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to 10.0 t ha-1 in both years. In both years, the combined application of biochar and poultry manure 

at different levels increased mineral concentrations of P, K, Ca, Mg, Fe, Zn and Na than the sole 

biochar and sole poultry manure. The highest values of P, K, Ca, Mg, Fe, Zn and Na was attained 

at the highest application rate of 30 t ha-1 biochar + 10.0 t ha-1 poultry manure (B30 + PM10) 

compared with other treatments. The control had the least values of mineral nutrition in the storage 

roots of sweet potato in both years.  

When studied as an individual factor, site influenced mineral concentrations of P, K, Ca, Mg, Fe, 

Zn and Na in the storage roots of sweet potato significantly in both years. Biochar and poultry 

manure, as individual factors, also affected mineral nutrition in sweet potato storage roots in both 

years. The interactive effect of S × B, S × PM and B × PM were significant for all mineral nutrition 

in the sweet potato storage roots in both years. When all three factors (S × B × PM) were considered 

together, interactions were significant in both years. 

Table 4. Effect of site, biochar and poultry manure on mineral composition of sweet potato 

 

 

Effect of site, biochar and poultry manure on growth and root storage yield of sweet potato 

The effect of site, biochar and poultry manure on the vine length, leaf area and root storage yield 

of sweet potato in 2019 and 2020 are shown in Table 5. In both years (2019 and 2020), site, biochar 

and poultry manure significantly influenced growth and root storage yield of sweet potato. In the 
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first and second years, biochar significantly (p ≤ 0.05) increased vine length, leaf area and root 

storage yield of sweet potato with the rate of application from 0 to 30.0 t ha-1. Similarly, poultry 

manure significantly (p ≤ 0.05) increased vine length, leaf area and root storage yield of sweet 

potato with the rate of application from 0 to 10.0 t ha-1. In both years, the highest application rate 

of 30.0 t ha-1 biochar + 10.0 t ha-1 poultry manure gave the highest vine length, leaf area and root 

storage yield of sweet potato compared with all other treatments. The control gave the least values 

of vine length, leaf area and root storage yield of sweet potato in both years. 

When studied as individual factor, site influenced vine length, leaf area and root storage yield of 

sweet potato significantly in both years. Biochar and poultry manure as individual factors also 

affected vine length, leaf area and root storage yield of sweet potato in both years. When biochar 

and poultry manure (B × PM) are considered, the interaction was significant for vine length, leaf 

area and root storage yield of sweet potato in both years. However, the interactive effect of S × B 

and S × PM for vine length, leaf area and root storage yield of sweet potato was not significant, 

nor was the S × B × PM interaction in both years. 

Table 5. Effect of site, biochar and poultry manure on vine length and leaf area at 90 days after planting and 

root storage yield of sweet potato at 5 months after planting  
 

Site 

Biochar 

(t ha-1) 

Poultry 

manure  

(t ha-1) 

Vine length 

(cm) 

Leaf area per 

plant 

(cm2) 

Root storage 

yield  

(t ha-1) 

   2019 2020 2019 2020 2019 2020 

Site A 0.0 0.0 152 149 1.35 1.32 9.5 10.6   

 0.0 5.0 213 228 2.28 2.44 14.6 15.3 

 0.0 10.0 234 249 2.54 2.71 17.3 18.0 

 10.0 0.0 210 225 2.25 2.40 10.4 11.1 

 10.0 5.0 258 273 2.73 2.89 20.1   20.7   

 10.0 10.0 274 289 2.89 3.05 22.9    23.5    

 20.0 0.0 255 270 2.65 2.80 12.7 13.4 

 20.0 5.0 286 301 2.98 3.16 25.6    26.2    

 20.0 10.0 291 306 3.16 3.33 28.4    29.0    

 30.0 0.0 282 297 2.86 3.01 15.3 16.1 

 30.0 5.0 316 331 3.35 3.51 31.0 31.5 

 30.0 10.0 324  346  3.52 3.65 33.7 34.2 

Site B 0.0 0.0 167 158 1.47 1.39 12.8   11.7  

 0.0 5.0 228 239 2.41 2.56 16.6 17.5 

 0.0 10.0 249 263 2.67 2.82 19.7 20.6 

 10.0 0.0 225  236  2.38 2.53 12.9 13.8 

 10.0 5.0 273 288 2.86 3.02 21.3   22.2   

 10.0 10.0 290 305 3.02 3.17 24.6    25.5    

 20.0 0.0 269 280 2.77 2.90 15.4 16.3 

 20.0 5.0 301 316 3.11 3.26 26.0   26.9   

 20.0 10.0 310 327 3.29 3.44 29.5    30.4    

 30.0 0.0 297 308 2.97 3.10 18.1 19.1 

 30.0 5.0 331 347 3.48 3.63 33.9 34.8 

 30.0 10.0 345  363  3.63 3.79 37.1 38.0 



     Agbede and Oyewumi, 2022                    Scientific Reports in Life Sciences 3 (3): 48-68 

 

61 
 

*Significant difference at p ≤ 0.05; ns = Not significant difference at p ≤ 0.05 

 

 

Discussion 
The high soil bulk densities before the start of the experiment was attributed to the low organic 

matter of the sites and sandy nature of the soils. The higher bulk density values obtained in this 

study may be due to compaction by animal traction as common in southwestern Nigeria or 

continuous tractorization. The low soil organic carbon (OC), total N (TN), available P, 

exchangeable K, Ca and Mg before the commencement of the experiment could be attributed to 

soil degradation caused by continuous cropping for several years without fertilization. Nutrient 

concentrations in the leaves of sweet potato plants in the control plots were below the critical levels 

of 4.0% N, 0.22% P, 2.6% K, 0.76% Ca and 0.12% Mg, as determined by O’Sullivan et al. (1997), 

thus the leaves of sweet potato plants exhibited symptoms of deficiencies in N (yellow 

colouration), P (purple colouration) and K (burnt leaf margin). Increased leaf N, P, K, Ca, and Mg 

concentrations, sweet potato plant growth, and yield with biochar and poultry manure application 

rates compared to the control could be attributed to increased macronutrient availability, which is 

an important factor in soil fertility (Sahin et al., 2014). There was increased nutrient availability in 

the soil as a result of biochar and poultry manure application, leading to increased uptake by sweet 

potato plants. The increase in leaf nutrient concentrations, mineral composition, sweet potato 

growth and yield with biochar and poultry manure application rates can be related to soil quality 

improvement, nutrient release into soil solution, increase in chemical properties and/or beneficial 

organisms, and balanced plant nutrition. These results agree with the findings of (Gunes et al., 

2014) who found increases in mineral composition and growth of lettuce plants after applying 

biochar and poultry manure. The positive effect of biochar on sweet potato plant leaf N, P, K, Ca, 

and Mg concentrations, mineral composition, growth, and root storage yield could also be 

attributed to improvements in soil friability and water holding capacity (Basso et al., 2013; Guo et 

al., 2020; Yi et al., 2020), as well as reduced nutrient losses and leaching (Gao and DeLuca, 2016; 

Gwenzi et al., 2018; Banik et al., 2021). Application of biochar-based fertilizer in a subtropical 

  LSD (0.05) 13 11 0.09 0.06 1.4 0.8 

Site (S)   * * * * * * 

Biochar (B)   * * * * * * 

Poultry manure (PM)   * * * * * * 

S × B   ns ns ns ns ns ns 

S × PM   ns ns ns ns ns ns 

B × PM   * * * * * * 

S × B × PM   ns ns ns ns ns ns 
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environment has been shown to boost growth and yield, as well as P, K, Ca, Al, and Cu uptake by 

ginger plants (Farrar et al., 2019). Biochar and compost application was also found to increase 

plant growth and uptake of N, P, K and Ca (Cox et al., 2021). The addition of biochar to different 

soils has resulted in increased growth, availability and uptake of nutrients by plants (Joseph et al., 

2015; Liao et al., 2020; Shi et al., 2020; Ndoung et al., 2021). Agbede (2010) also observed that 

applying poultry manure to soil increased sweet potato growth, yield, and leaf N, P, K, Ca, and 

Mg nutrient concentrations. Processed poultry manure and biochar application increased growth 

and N, P, K, Zn, Cu and Mn concentrations of both bean and maize plants (Inal et al., 2015). 

The significant influence of biochar and poultry manure application on mineral composition of 

sweet potato storage roots, as well as growth and yield, indicated that biochar and poultry manure 

contain some macronutrients and micronutrients that are released into the soil during 

mineralization. The value of minerals P, K, Ca, Mg, Fe, Zn and Na increased at different levels of 

biochar and poultry manure application. The findings that sweet potato growth, yield and storage 

roots mineral composition increase with biochar and poultry manure rates might be attributable to 

improved soil fertility due to the favourable impacts of organic matter after biochar and poultry 

manure incorporation. This is consistent with the soil chemical properties of the biochar and 

poultry manure rates (Chaganti and Crohn, 2015; Agbede et al., 2017). These findings reveal that 

biochar promotes nutrient cycling by improving the physical, chemical, and biological properties 

of the soil, allowing for better utilization of the applied poultry manure, resulting in greater nutrient 

uptake and allocation to the sweet potato storage roots. According to Cockell (2011), minerals are 

the inorganic substances that must be ingested and absorbed in adequate amounts to satisfy a wide 

variety of essential metabolic and/or structural functions in the body. Consumption of optimum 

concentration of minerals are essentials for growth and good health (Cockell, 2011). The 

application of biochar and poultry manure as sources of macronutrients would have positive 

influence on growth, yield and P, K, Ca, Mg, Fe, Zn and Na concentrations of sweet potato storage 

roots. Much of the improvement in leaf nutrient concentrations, mineral composition, growth and 

yield of sweet potato could be attributed to the supply of these nutrients through biochar and 

poultry manure materials to soil, as well as synergistic effects due to improved N absorption. 

Biochar is acknowledged for its ability to improve fertilizer use efficiency (Liao et al., 2020; Puga 

et al., 2020; Shi et al., 2020). 

Conclusions  
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Degraded sand soil and sandy loam soil amended with sole biochar, sole poultry manure and their 

mixture at various levels increased leaf nutrient concentrations, mineral composition, growth and 

root storage yield of sweet potato, which could be due to improvements in the physical, chemical 

and biological properties of the soils. There were significant interactions between biochar and 

poultry manure (B × PM) on leaf N, P, K, Ca and Mg concentrations, mineral concentrations, 

growth and root storage yield of sweet potato, showing that biochar has the ability to improve 

poultry manure use efficiency and nutrient utilization. The highest application rate of 30.0 t ha-1 

biochar and 10.0 t ha-1 poultry manure gave the best growth, root storage yield and nutritional 

quality of sweet potato and is therefore recommended for soil fertility management, nutritional 

sustainability and good performance of sweet potato in the study areas (forest savanna transition 

zone of southwest Nigeria). The findings of this study indicate that soil enriching with biochar and 

poultry manure could improve sweet potato leaf nutrient concentrations, mineral composition, 

growth and root storage yield, depending on the quantity of biochar or poultry manure added to 

the soil. These findings, however, should be confirmed through experiments that cover a wide 

range of spatial heterogeneity, such as various soil types, crops, agroecological zones, and land-

use. Long-term field studies focusing on the persistence of biochar impacts on soils and crops are 

suggested for further studies. Variable rates of biochar and poultry manure, as well as their 

combined application on soils and crops, should also be considered.  

Acknowledgement 

This research work was supported by the Tertiary Education Trust Fund, Nigeria (grant number 

TETFUND/DRSS/POLY/OWO/2016/RP/VOL.1, 2016-2017) through Rufus Giwa Polytechnic, 

Owo, Ondo State, Nigeria.  

References 

Adekiya, A. O., Agbede, T. M., Aboyeji, C. M., Dunsin, O. and Simeon, V. T. (2019).  Effects of 

biochar and poultry manure on soil characteristics and the yield of radish. Scientia 

Horticulturae, 243, 457-463. 

Adeleye, E. O., Ayeni, L. S. and Ojeniyi, S. O. (2010). Effect of poultry manure on soil physico-

chemical properties, leaf nutrient contents and yield of yam (Dioscorea rotundata) on Alfisol 

in southwestern Nigeria. Journal of American Science, 6 (10), 871-878.  

Adepetu, J. A., Adebayo, A. A., Aduayi, E. A. and Alofe, C.O. (1979). Preliminary survey of the 

fertility status of soils in Ondo State under traditional cultivation. Ife Journal of Agriculture, 

1 (2), 134-149. 

Adeyemo, A. J., Akingbola, O. O. and Ojeniyi, S.O. (2019). Effects of poultry manure on soil 

infiltration, organic matter contents and maize performance on two contrasting degraded 



     Agbede and Oyewumi, 2022                    Scientific Reports in Life Sciences 3 (3): 48-68 

 

64 
 

alfisols in southwestern Nigeria. International Journal of Recycling of Organic Waste in 

Agriculture, 8, 73-80. 

Agbede, T. M. (2010). Tillage and fertilizer effects on some soil properties, leaf nutrient 

concentrations, growth and sweet potato yield on an Alfisol in southwestern Nigeria. Soil 

and Tillage Research, 110 (1), 25-32. 

Agbede, T. M., Adekiya, A. O. and Eifediyi, E. K. (2017). Impact of poultry manure and NPK 

fertilizer on soil physical properties and growth and yield of carrot. Journal of Horticultural 

Research, 25 (1), 81-88.  

Agegnehu, G., Nelson, P. N. and Bird, M. I. (2016). The effects of biochar, compost and their 

mixture and nitrogen fertilizer on yield and nitrogen use efficiency of barley grown on a 

Nitisol in the highlands of Ethiopia. Science of the Total Environment, 569-570, 869-879. 

Agegnehu, G., Srivastava, A. K. and Bird, M. I. (2017). The role of biochar and biochar-compost 

in improving soil quality and crop performance: A review. Applied Soil Ecology, 119, 156-

170.  

Anbuselvi, S., Kumar, M. S., Selvakumar, S., Rao, M. R. K. and Anshumita, D. (2012). A 

comparative study on biochemical constituents of sweet potatoes from Orissa and Tamilnadu 

and its curd formation. Journal of Chemical and Pharmaceutical Research, 4 (11), 4879-4882. 

Asante, K., Manu-Aduening, J. and Essilfie, M. E. (2019). Nutritional quality response of carrot 

(Daucus carota) to different rates of inorganic fertilizer and biochar. Asian Journal of Soil 

Science and Plant Nutrition, 5 (2), 1-14. 

Association of Official Analytical Chemists. (2019). Official methods of analysis of the 

association of official analytical chemists. In: Latimer, G.W. (Ed.), 21st ed. Gaithersburg, 

Maryland: AOAC International. 

Basso, A. S., Miguez, F. E., Laird, D. A., Horton, R. and Westgate, M. 2(013). Assessing potential 

of biochar for increasing water-holding capacity of sandy soils. Global Change and 

Biological Bioenergy, 5, 132-143. 

Bisht, N. and Chauhan, P. S. (2020). Excessive and Disproportionate Use of Chemicals Cause Soil 

Contamination and Nutritional Stress. In Soil Contamination. IntechOpen, doi: 

https://doi.org/10.5772/intechopen.94593    

Blanco-Canqui, H. (2017). Biochar and soil physical properties. Soil Science Society of America 

Journal, 81, 687-711. 

Carter, M. R. and Gregorich, E. G. (2007). Soil sampling and methods of analysis. 2nd ed. Boca 

Raton, Florida: Canadian Society of Soil Science: CRC Press, Taylor & Francis Group.  

Chaganti, V. N. and Crohn, D. M. (2015). Evaluating the relative contribution of physiochemical 

and biological factors in ameliorating a saline-sodic soil amended with composts and biochar 

and leached with reclaimed water. Geoderma, 259-260, 45-55.  

Cockell, K. A. (2011). Mineral nutrients. In: Schwab, M. (Ed.), Encyclopedia of Cancer. Springer, 

Berlin, Heidelberg.    

https://doi.org/10.5772/intechopen.94593


     Agbede and Oyewumi, 2022                    Scientific Reports in Life Sciences 3 (3): 48-68 

 

65 
 

Cox, J., Hue, N. V., Ahmad, A. and Kobayashi, K. D. (2021). Surface-applied or incorporated 

biochar and compost combination improves soil fertility, Chinese cabbage and papaya 

biomass. Biochar, 3, 213-227.  

Ewulo, B. S., Ojeniyi, S. O. and Akanni, D. A. (2008). Effect of poultry manure on selected soil 

physical and chemical properties, growth, yield and nutrient status of tomato. African Journal 

of Agricultural Research, 3 (9), 612-616. 

Dimkpa, C. O. and Bindraban, P. S. (2016). Fortification of micronutrients for efficient agronomic 

production: a review. Agronomy for Sustainable Development, 36, 7. doi:/10.1007/s13593-

015-0346-6      

FAO. (2013). Food and agriculture organization of the United Nations. The state of food insecurity 

in the world 2013. The multiple dimensions of food security. Rome, Italy. 

FAO. (2019). Food and agriculture organization of the United Nations. http://www.fao.org/state-

of-food-security-nutrition  

FAO. (2021). Food and agriculture organization of the United Nations. The state of food security 

and nutrition in the world. Transforming food systems for food security, improved nutrition 

and affordable healthy diets for all. Rome, Italy. 

Farrar, M. B., Wallace, H. M., Xu, C. Y., Nguyen, T. T. N., Tavakkoli, E., Joseph, S. and Bai, S. 

H. (2019). Short-term effects of organo-mineral enriched biochar fertiliser on ginger yield 

and nutrient cycling. Journal of Soils and Sediments, 19, 668-682. 

Gao, S. and DeLuca, T. H. (2016). Influence of biochar on soil nutrient transformations, nutrient 

leaching, and crop yield. Advances in Plants & Agriculture Research, 4 (5), 348-362. 

Genstat. (2005). Genstat 8th ed. Oxford, UK: Release 8.1. VSN International Ltd.  

Gunes, A., Inal, A., Taskin, M. B., Sahin, O., Kaya, E. C. and Atakol, A. (2014). Effect of 

phosphorus-enriched biochar and poultry manure on growth and mineral composition of 

lettuce (Lactuca sativa L. cv.) grown in alkaline soil. Soil Use Management, 30, 182-188. 

Guo, M., Song, W. and Tian, J. (2020). Biochar-facilitated soil remediation: Mechanisms and 

efficacy variations. Frontiers in Environmental Science, 8, 521512. 

Gwenzi, W., Nyambishi, T. J., Chaukura, N. and Mapope, N. (2018). Synthesis and nutrient release 

patterns of a biochar-based N-P-K slow-release fertilizer. International Journal of 

Environmental Science and Technology, 15, 405-414. 

Hernández Suárez, M., Montes Hernández, A. I., Rodríguez Galdón, B., Hernández Rodríguez, L., 

Medina Cabrera, C. E., Ríos Mesa, D. and Díaz Romero, C. (2016). Application of 

multidimensional scaling technique to differentiate sweet potato (Ipomoea batatas (L.) Lam) 

cultivars according to their chemical composition. Journal of Food Composition and 

Analysis, 46, 43-49. 

Hoover, N. L., Law, J. Y., Long, L. A. M., Kanwar, R. S. and Soupir, M. L. (2019). Long-term 

impact of poultry manure on crop yield, soil and water quality, and crop revenue. Journal 

of Environmental Management, 252, 109582. 

http://www.fao.org/state-of-food-security-nutrition
http://www.fao.org/state-of-food-security-nutrition


     Agbede and Oyewumi, 2022                    Scientific Reports in Life Sciences 3 (3): 48-68 

 

66 
 

Inal, A., Gunes, A., Sahin, O., Taskin, M. B. and Kaya, E. C. (2015). Impacts of biochar and 

processed poultry manure, applied to a calcareous soil, on the growth of bean and maize. Soil 

Use and Management, 31 (1), 106-113. 

International Biochar Initiative (1BI). (2011). Standardized Product Definition and Product 

Testing Guidelines for Biochar that is used in Soil. (Accessed November 2015). 

http://www.biochar-international.org/characterizationstandar  

IUSS Working Group WRB. (2015). World reference base for soil resources 2014, Update 2015. 

International soil classification system for naming soils and creating legends for soil maps. 

World Soil Resources Reports No. 106. FAO, Rome. 

Jirka, S. and Tomlinson, T. (2015). State of the biochar industry 2014. International Biochar 

Initiative Rep., May (2015). Canandaigua, NY: International Biochar Initiative. 

Joseph, S., Anawar, H. M., Storer, P., Blackwell, P., Chia, C., Lin, Y., Munroe, P., Donne, S., 

Horvat, J., Wang, J. and Solaiman, Z. M. (2015). Effects of enriched biochars containing 

magnetic iron nanoparticles on mycorrhizal colonisation, plant growth, nutrient uptake and 

soil quality improvement. Pedosphere, 25 (5), 749-760. 

Kihara, J., Bolo, P., Kinyua, M., Rurinda, J. and Piikki, K. (2020). Micronutrient deficiencies in 

African soils and human nutritional nexus: opportunities with staple crops. Environmental 

Geochemistry and Health, 42, 3015-3033. 

Liao, J., Liu, X., Hu, A., Song, H., Chen, X. and Zhang, Z. (2020). Effects of biochar-based 

controlled release nitrogen fertilizer on nitrogen-use efficiency of oilseed rape (Brassica 

napus L.). Scientific Reports, 10 (1), 1-14. 

Lehmann, J. and Joseph, S., Editors. (2015). Biochar for environmental management: Science, 

technology and implementation. 2nd ed. London, UK: Routledge. 

Major, J., Rondon, M., Molina, D., Riha, S. J. and Lehmann, J. (2012). Nutrient leaching in a 

Colombian savanna Oxisol amended with biochar. Journal of Environmental Quality, 41, 

1076-1086.  

Mohanraj, R. and Sivasankar, S. (2014). Sweet potato (Ipomoea batatas L.) - A valuable medicinal 

food: A review. Journal of Medicinal Food, 17 (7), 733-741.  

Ndoung, O. C. N., de Figueiredo, C. C. and Ramos, M. L. G. (2021). A scoping review on biochar-

based fertilizers: enrichment techniques and agro-environmental application. Heliyon, 7, 

e08473. 

Neela, S. and Fanta, S. W. (2019). Review on nutritional composition of orange-fleshed sweet 

potato and its role in management of vitamin A deficiency. Food Science and Nutrition, 7, 

1920-1945.   

Novak, J. M., Ippolito, J. A., Watts, D. W., Sigua, G. C., Ducey, T. F. and Johnson, M. G. (2019). 

Biochar compost blends facilitate switchgrass growth in mine soils by reducing Cu and Zn 

bioavailability. Biochar, 1, 97-114. 

Obia, A., Mulder, J., Hale, S. E., Nurida, N. L. and Cornelissen, G. (2018). The potential of biochar 

in improving drainage, aeration and maize yields in heavy clay soils. PloS One, 13 (5), 

e0196794.  

http://www.biochar-international.org/characterizationstandar


     Agbede and Oyewumi, 2022                    Scientific Reports in Life Sciences 3 (3): 48-68 

 

67 
 

Oh, T. -K., Shinogi, Y., Lee, S. -J. and Chol, B. (2014). Utilization of biochar impregnated with 

anaerobically digested slurry as slow-release fertilizer. Journal of Plant Nutrition and Soil 

Science, 177, 97-103. 

O’Sullivan, J. N., Asher, C. J. and Blamey, F. P. C. (1997). Nutrient disorders of sweet potato. 

Monograph No. 48. Canberra, Australia: Australian Centre for International Agricultural 

Research (ACIAR). 

Partey, S. T., Preziosi, R. F. and Robson, G. D. (2014). Short-term interactive effects of biochar, 

green manure, and inorganic fertilizer on soil properties and agronomic characteristics of 

maize. Agricultural Research, 3 (2), 128-136. 

Piash, M. I., Iwabuchi, K., Itoh, T. and Uemura, K. (2021). Release of essential plant nutrients 

from manure- and wood-based biochars. Geoderma, 397, 115100.  

Puga, A. P., Grutzmacher, P., Cerri, C. E. P., Ribeirinho, V. S. and Andrade, C. A. (2020). Biochar-

based nitrogen fertilizers: Greenhouse gas emissions, use efficiency, and maize yield in 

tropical soils. Science of the Total Environment, 704, 135375.   

Rattanachaiwong, S. and Singer, P. (2019). Diets and diet therapy: Trace elements. Encyclopedia 

of Food Security and Sustainability, 2, 143-160. 

Sahin, O., Taskin, M. B., Kadioglu, Y. K., Inal, A., Pilbeam, D. J. and Gunes, A. (2014). Elemental 

composition of pepper plants fertilized with pelletized poultry manure. Journal of Plant 

Nutrition, 37, 458-468.  

SAS. (2013). Statistical analysis system. User’s guide: statistics, version 9.4. Cary, NC: SAS 

Institute Inc.  

Shi, W., Ju, Y., Bian, R., Li, L., Joseph, S., Mitchell, D. R. G., Munroe, P., Taherymoosavi, S. and 

Pan, G. (2020). Biochar bound urea boosts plant growth and reduces nitrogen leaching. 

Science of the Total Environment, 701, 134424. 

Smyth, A. J. and Montgomery, R. F. (1962). Soils and land use in central western Nigeria. 

Government Printer, Ibadan, Nigeria, 265 pp. 

Soil Survey Staff, (2014). Keys to soil taxonomy. 12th ed. Washington, DC: United States 

Department of Agriculture, Natural Resources Conservation Service. 

Tel, D. A. and Hagarty, M. (1984). Soil and plant analysis. Study guide for agricultural laboratory 

directors and technologists working in tropical regions. Ontario, Canada: International 

Institute of Tropical Agriculture (IITA), Ibadan, Nigeria in conjunction with University of 

Guelph, 277 pp.  

Tomczyk, A. Sokolowska, Z. and Boguta, P. (2020). Biochar physicochemical properties: 

pyrolysis temperature and feedstock kind effects. Reviews in Environmental Science and 

Biology/Technology, 19, 191-215.  

Yan, T., Xue, J., Zhou, Z. and Wu, Y. (2020). The trends in research on the effects of biochar on 

soil. Sustainability, 12 (18), 7810.  

Yi, S., Chang, N. Y. and Imhoff, P. T. (2020). Predicting water retention of biochar-amended soil 

from independent measurements of biochar and soil properties. Advances in Water 

Resources, 142, 103638.  



     Agbede and Oyewumi, 2022                    Scientific Reports in Life Sciences 3 (3): 48-68 

 

68 
 

Yousaf, M., Li, J., Lu, J., Ren, T., Cong, R., Fahad, S. and Li, X. (2017). Effects of fertilization on 

crop production and nutrient-supplying capacity under rice-oilseed rape rotation system. 

Scientific Reports, 7, 1270. 

Yu, H., Zou, W., Chen, J., Chen, H., Yu, Z., Huang, J., Tang, H., Wei, X. and Gao, B. (2019). 

Biochar amendment improves crop production in problem soils: A review. Journal of 

Environmental Management, 232, 8-21.  

Yuan, P., Wang, J., Pan, Y., Shen, B. and Wu, C. (2019). Review of biochar for the management 

of contaminated soil: preparation, application and prospect. Science of the Total 

Environment, 659, 473-490.  

 

 

 


