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INTRODUCTION 
 
Okra (Abelmoschus esculentus L. Moench) is a fruit vegetable 
crop belonging to the family Malvaceae. It is a popular 
vegetable which originated in the hot climates of Africa [1]. 
Because of its great nutritional value in diets, the crop is widely 
farmed in West Africa, particularly Nigeria, as fruits and leafy 
vegetables in both green and dried form. It is consumed in all 
sections of the country. Okra is often grown in Nigeria's home 
gardens and fields during both the wet and dry seasons. Okra's 
economic significance cannot be underestimated. 
Carbohydrates, protein, and vitamin C are all abundant in okra. 
With 86.1 per cent moisture, 9.7 per cent carbohydrates, 12.2 
per cent protein, 0.1 per cent fibre, 0.2 per cent fats, and 0.9 per 
cent ash, the young pods are particularly nutrient-dense [2]. 
Okra includes essential and non-essential amino acids that are 
comparable to those found in soybeans. Okra fruit contains 
about 20% edible oil and protein, according to [3], and its 
mucilage is used for medical purposes. The mature stem 
provides crude fibre that is utilized in the paper and rope 

industries [4]. According to the economic commission for 
Africa [5] in Ibrahim et al. [4], soils in the tropics are 
substantially affected by a sequence of declines in soil fertility 
and erosion, resulting in nutrient depletion and reduced soil 
organism populations. As a result of insufficient input 
availability, resulting in relatively poor fruit yields, this 
constitutes a severe production restriction in West Africa, 
notably Nigeria, and is becoming increasingly crucial to assure 
sustainable soil productivity [6].  
 

Even when high-yielding cultivars are grown, the 
intrinsically low soil fertility state, along with insufficient 
fertilizer application, remains the most important determinant in 
agricultural production in Nigeria [7]. One possible option is to 
return organic nutrients to the soil in order to assist maintain 
soil organic matter, which usually leads to improvements in 
soil'S physical and chemical qualities [8]. Crop residues, 
animal waste, home garbage, and industrial waste are all 
examples of organic matter that can be added to soil [9]. 
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 ABSTRACT 
The efficacy of biochar and NPK fertilizer on soil properties and yield of okra (Abelmeschus  
esculentus L.) is the central theme in this study. A randomized complete block design (RCBD) 
was used involving four (4) biochar rates (5, 10, 15 and 20 t/ha) and four (4) NPK (20:10:10) 
fertilizer rates (0, 100, 150 and 200 kg/ha) arranged factorially in 4 x 4 treatment combinations. 
Rice husk was used to make biochar since it was readily available and accessible in the study 
location. soil samples were collected at random locations on the field from two depths (0-15 cm 
and 15-30 cm) for analysis using standard procedure. Data were collected on plant height, 
number of leaves, number of branches, stem girth, days to 50% flowering, number of fruits per 
plant, fruit length, the weight of fruits and total yield. The result shows that biochar application 
at 20t/ha produced the highest plant height (67.75 cm), number of leaves(31.42), number of 
branches (16.00), stem girth (2.44 cm), number of fruit/plant (72.00), fruit length (14.33 cm), 
fruit weight (770.17 g) and total yield (855.74 kg/ha). Similarly, NPK at 200 kg/ha gave higher 
plant height (61.08 cm), number of leaves(26.75), number of fruit/plant (57.00), fruit weight 
(560.50 g) and total yield (622.78 kg/ha). The combination of 150 kg/ha and 200 kg/ha NPK 
fertilizer with 20 kg/ha biochar produced the highest yield (938.89 and 934.45 kg/ha) of okra 
which was at par. It can therefore be recommended that farmers in the study area can use 
biochar at 20 t/ha and NPK fertilizer at 150 kg/ha for optimum production of the okra plant. 
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However, the selection of organic material to apply is critical, 
since some sources may have negative effects on soils, 
depending upon the quality of organic material or the presence 
of contaminants [10]. 
 

Biochar is a porous solid with a high carbon content, a 
wide surface area, and a high cation exchange capacity (CEC) 
that is made through pyrolysis in an oxygen-deficient 
environment [11], [12]. The material was an organic alteration 
that resulted from the pyrolysis of biomass at high temperatures 
and with very little oxygen [13]. Biochar is a new and 
potentially useful addition for boosting production on 
deteriorated, low-fertility acidic soils [14]. Biochar has been 
identified as a potentially viable alternative to augment soil 
physical and chemical properties and productivity in a growing 
number of research studies [15], [14].  

 
Increased soil pH, nutrient availability, moisture 

absorption, and carbon sequestration are all benefits of 
incorporating biochar into the soil [17], (17). It's important to 
clarify that biochar isn't a compost material; rather, it's a soil 
microbial activity catalyst that improves soil fertility and water 
holding capacity, allowing crops to grow and yield more [18], 
[19]. Due to current interest in employing biochar in 
establishing sustainable forms of soil management and 
challenges related to climate change, some experts have 
nicknamed it "agrichar," or agricultural charcoal [20]. 
 
 Biochar research is gaining traction, not only because 
of its potential for carbon sequestration [21], but also because of 
its numerous co-benefits as a soil amendment, including 
increased crop yield [22], potential as a technology for 
immobilizing pollutants [23], and improved soil fertility and 
nutrient retention. Even though previous researchers have 
thoroughly investigated the potential of biochar as soil 
amendments for agricultural production and soil quality 
improvement [24], research on the precise rate of biochar 
application on degraded ultisol and other soil types for specific 
arable crops is scarce and moving slowly. Furthermore, 
biochar's influence is reliant on soil type [25], and biochar's 
effects on soil aggregation are dependent on soil and biochar 
types.  
 
 Biochar's impact on soil health and crop productivity 
has been studied in a variety of soil types and management 
techniques, with varying results. Plant growth responses ranged 
from -29 per cent to 324 per cent when biochar was applied at 
rates ranging from 0.5 to 135 t ha-1 [26]. Agricultural systems, 
crop type, meteorological circumstances, and fertilization status 
all influenced plant and soil responses to biochar application 
[28], (28). Biochar, according to [29], can alter soil n cycling 
and numerous transformation mechanisms, including reduced 
inorganic n leaching by improving nutrient retention due to 
cation and anion exchange reactions, and inorganic n 
immobilization due to biochar's labile c fractions. By enhancing 
nh4+ and no3-2 adsorption, biochar could help prevent 
nitrification and denitrification losses. 
 

There are few and inconclusive studies on the impact of 
biochar on Nigerian soils. According to a recent survey of 
biochar literature in Nigeria, practically all biochar studies were 
potted/greenhouse experiments [30]. Also, [24] investigated the 
impact of biochar on soil properties and organic carbon sink in 
degraded soil in the southern guinea savanna zone of Nigeria, 
while [31] looked at the impact of biochar and crop yield on 
tomato growth and yield in Jos, north-central Nigeria. Long-
term studies on biochar in field trials are urgently needed, 

according to [32], to better understand biochar effects and 
investigate its behavior in different soil types under varying 
climatic settings, thereby providing framework information 
about their potential in improving soil quality and increasing 
crop productivity, as well as the risks that come with it. This 
study was carried out to fill the gap to investigate the efficacy of 
biochar on soil characteristics and okra yield in the guinea 
savanna region of Nigeria. 
 
MATERIALS AND METHODS 
 
Study Area 
The experiment was conducted in the Federal College Of 
Forestry, a demonstration farm located in  Jos, Plateau state, 
Nigeria. It is a region in the middle belt of Nigeria and it falls 
between latitude 9.9º and longitude 8.8º each with an attitude of 
1,200 m above sea level. The vegetation of the area is a typical 
guinea savannah with an average annual rainfall of 1400 mm. 
The rain usually starts in April and terminates between 
September and October with temperatures ranging from 20-
30ºC [33].  
 
Experimental Design  
A randomized complete block design (RCBD) was used 
involving four (4) biochar rates (5, 10, 15 and 20 t/ha) and four 
(4) NPK (20:10:10) fertilizer rates (0, 100, 150 and 200 kg/ha) 
arranged factorially in 4 x 4 treatment combinations. The 
materials used for this research work include certified okra 
seeds obtained from certified dealers of agricultural products at 
the famous Farin Gada market in Jos, NPK (20:10:10) fertilizer, 
biochar (rice husk) sourced from the rice milling industry in Jos. 
Measuring tape, line or rope, meter rule, cutlass, auger bit, 
shovel, rake, wheelbarrow, bucket or watering can and hoe from 
the department of crop production technology, federal college 
of forestry, Jos. 
 
Soil Analysis 
Soil samples were collected at random locations on the field 
from two depths (0-15 cm and 15-30 cm) using an auger bit, 
hand trowel, and polythene bag to preserve the samples, which 
were then dried at room temperature and carried to the 
Agricultural Service and Training Centre (ASTC) for 
examination using standard procedure. A pH meter and an EC 
meter were used to measure the soil pH and electrical 
conductivity in the 1:2.5 soil:water ratios [34]. Soil texture 
(bouyoucos hydrometer method), organic carbon [35], available 
nitrogen content and available phosphorus content measured by 
the bray ii method, total organic carbon, and total nitrogen were 
all determined using an elementary analyzer. 
 
Biochar Preparation 
Rice husk was used to make biochar since it was readily 
available and accessible in the study location. The rice husk was 
carefully wrapped into bags and sent to the laboratory. Rice 
husk was converted to charcoal at a rate of 45–55 per cent. For 
the soil application, the biochar was put through a 2mm filter. 
The bulk density was calculated by dividing the weight of the 
dry sample filled in a 10 ml tube by the weight of the dry 
sample. 
 
Data Collection and Analysis 
Data was recorded on germination percentage, plant height, 
number of leaves, stem girth, days to reach 50% flowering, 
number of fruits per plant, fruit length, the weight of fruits and 
total yield. Data collected were subjected to analysis of variance 
(ANOVA) at 5% level of significance using xlstat 19 statistical 
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package. Mean separation was used using Duncan’s Multiple 
Range Test (DMRT) where significance was declared. 
 
RESULTS AND DISCUSSION 
 
Physical and chemical properties of soil and biochar 
The results of physical and chemical properties of the soil 
sample for the experimental site and biochar are presented in 
table 1. The result indicated that the soil was predominantly 
sandy loam in texture, slightly acidic with a pH value of 5.8. 
The total N (0.8gkg-1), available P (5.5gkg-1), available K (3.8g-

1), CEC (3.7cmolkg-1, total N (1.8gkg-1), available P (15gkg-1), 
available K (4.6gkg-1), CEC (7.3cmolkg-1) and organic C 
(6.6gkg-1). These results according to Esu [36] rating was low 
indicating that the soil in the area had low fertility status. While 
the pH value of 6.6 for biochar is very slightly acidic C 
(65.5gkg-1) and ash content of 22.5%. These results according 
to [37] contain medium nutrients indicating higher values of 
properties compared to that of the soil.  
 

According to [38], Biochar is a source of several nutrients: 
its complex reaction with soil releases nutrients, making them 
available for plant uptake over time. As suggested by [39] the 
application of biochar is very important for the improvement of 
degraded soil. Application of biochar improves soil physical 
properties such as bulk density, water holding capacity, 
permeability, chemical properties such as nutrients availability, 
cation exchange capacity and retention, and biological 
properties such as microbial population, microbial biomass and 
microbial activities, thus ultimately increasing crop yield [40]. 
According to Sara and Shah [41] the net influence of biochar on 
the physical characteristics of the soil depends on the interaction 
of the biochar by way of the physicochemical properties of the 
soil as well as other determinant factors such as the climatic 
conditions and appliance of biochar management. 
 
Table 1. Physical and chemical properties of soil and biochar. 
 

Properties        Soil Biochar 
pH 5.8 6.6 
N (g/kg) 0.8 1.8 
P (g/kg) 5.5 15 
K (g/kg) 3.8 4.6 
CEC (cmol/kg) 3.7 7.3 
Ash Content (%) Nil 22.5 
Organic Carbon(g/kg) 6.5 65.5 
Clay (%) 6.2 Nil 
Silt (%) 10.1 Nil 
Sand (%) 83.7 Nil 
Textural Class Sandy Loam Nil 
Specific Surface Area Nil 0.65 

 
Efficacy of biochar and NPK fertilizer on growth of okra 
The growth characters of okra were significantly (p < 0.001) 
affected by biochar as shown in table 2. Statistically taller (plant 
height) and thicker (stem girth) plants are measured at 15 and 
20 t/ha of biochar application respectively. A greater number of 
branches and number of leaves were obtained on biochar at 20 
t/ha while the least number of branches and leaves were 
obtained at the application of 5 t/ha of biochar.NPK (20:10:10) 
fertilizer application was found to significantly influence plant 
height, number of branches and number of leaves but had no 
influence on stem girth of okra plant. The application of NPK 
fertilizer at the rate of 200 kg/ha produced the tallest plant 
(61.08cm), more branches (13.92) and leaves (26.75) while the 
control treatment (0 kg/ha) gave the least plant height 
(55.33cm), a number of branches (11.83 and number of leaves 
(22.58).  
 

No significant interaction effect was recorded for the 
application of biochar and NPK fertilizer on the growth 
characters of okra plant. The increased agronomic indicators 
seen with the addition of biochar in this study are completely at 
odds with [42] findings. They discovered a detrimental 
influence on oat plant growth and yield when they applied 
biochar to the soil, though it was a greenhouse experiment and 
field study was needed to confirm or refute their findings. Both 
biochar and compost either by stand-alone or in combination 
have ability to improve the growth performance of the plant 
[43]. 
 
Table 2. Efficacy of biochar and NPK fertilizer on growth of okra. 
 

Treatment  plant 
height 
(cm) 

Stem 
girth 
(cm) 

Number 
of 
branches 

Number 
of leaves 

Biochar (t/ha)     
5 44.75c 0.87c 8.58c 16.83c 

10 53.42b 1.18b 14.00b 25.17b 

15 67.25a 2.46a 14.08b 26.17b 

20 67.75a 2.44a 16.00a 31.42a 

P - value 0.000*** 0.000*** 0.000*** 0.000*** 
NPK Fertilizer 
(kg/ha) 

    

0 55.33c 1.62 11.83b 22.58c 

100 56.83bc 1.65 13.33a 25.50ab 

150 59.92ab 1.77 13.50a 24.75b 

200 61.08a 1.91 13.92a 26.75a 

P – value  0.006** 0.128NS 0.000*** 0.000*** 
Interaction      
Biochar*NPK 0.635NS 0.955NS 0.056NS 0.894NS 

Note: means in a column of any set of treatment(s) followed by different letter 
(s) are significantly different,  NS = not significant, **significant at p <0.01, 
***significant at p < 0.001 

 
 
Efficacy of biochar and NPK fertilizer on yield of okra 
The efficacy of biochar and NPK fertilizer on the yield of okra 
was found to be significant (p<0.001). Days to 50% flowering 
showed that 20 t/ha biochar application measured the least 
number of days to reach 50% flowering (42.08) and 5 t/ha had 
more number of days to attain 50% flowering (54.42). A higher 
number of fruits /plant (72.00), fruit length (14.33cm), fruit 
weight (770.17g) and total yield (855.74kg/ha) were measured 
at the application of 20 t/ha of biochar while the least were 
recorded at the application of 5 t/ha respectively. days to 50% 
flowering and fruit length are not affected by NPK fertilizer 
rates.  
 

The number of fruits/plant, fruit weight and total yield 
significantly influenced NPK fertilizer rates. The application of 
200 kg/ha NPK fertilizer rate produced the highest number of 
fruits/plant (57.00), fruit weight (560.50g) which was at par 
with 150 kg/ha NPK application (566.08g) and also (200 kg/ha 
NPK) the highest total yield of 622.78kg/ha. Increasing the 
amount of biochar and NPK fertilizer results in an increase in 
the yield characteristics of okra plant. This result implies that 
biochar exhibited a tough effect on yield characters of okra as 
the fruit yield was considerably better in biochar than in the 
NPK fertilizer treatments. wheat, maize, canola, barley, rice, 
sorghum, tomato, groundnut, fava bean, turnip, and peanut 
yields were reported in studies included in the meta-analysis 
which indicates that biochar application boosted crop yield 
considerably (p < 0.001) when compared to the control [44]. 
Biochar application can reduce soil acidity and improve yield 
[45]. As reported [31] significantly higher yield of tomatoes in 
beds treated with charcoal than without charcoal. Similarly, 
biochar application increased vegetable yields by 4.7 to 25.5% 
as compared to farmers‟ practices. 
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Table 3. Efficacy of biochar and NPK fertilizer on yield of okra. 
 

Treatment  Days to 
reach 50% 
flowering 

Number of 
fruits/plant 

Fruit 
length 
(cm) 

Fruit 
weight 

(g) 

Total 
yield 

(kg//ha) 
Biochar (t/ha)      
5 54.42a 35.75d 5.72c 381.33d 423.70d 

10 49.92b 48.42c 6.38c 457.75c 508.61c 

15 46.17c 59.08b 10.17b 528.25b 586.94b 

20 42.08d 72.00a 14.33a 770.17a 855.74a 

P - value 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 
NPK 
fertilizer 
(kg/ha) 

     

0 48.83 50.25c 8.80 487.25c 541.39c 

100 48.33 52.17bc 9.20 523.67b 581.85b 

150 47.50 55.83ab 9.29 566.08a 628.98a 

200 47.92 57.00a 9.29 560.50a 622.78a 

P – value  0.597ns 0.003** 0.595ns 0.000*** 0.000*** 
Interaction       
Biochar*NPK 0.715ns 0.413ns 0.427ns 0.000*** 0.000*** 

Note: means in a column of any set of treatment(s) followed by different letter (s) are 
significantly different,  NS = not significant, ***significant at p < 0.001 

 
Interaction between biochar and NPK fertilizer on yield of 
okra 
Fig. 1 shows the result of the interaction between biochar and 
NPK fertilizer rates on total yield. This is the combination of 
biochar and NPK fertilizer on the same plot. The combination 
of 150 kg/ha and 200 kg/ha NPK fertilizer with 20 kg/ha 
biochar produced the highest yield (938.89 and 934.45 kg/ha) of 
okra which was at the same level. The last yield was recorded 
on the treatment combination between the control (0 kg/ha 
NPK) and 5 kg/ha biochar (398.1 5 kg/ha). According to [45], 
the combination of the two amendments is more effective in 
increasing the plants' development than applying each 
amendment separately. 
 

 
Fig. 1. Interaction between biochar and NPK fertilizer on yield of okra. 
 
 
CONCLUSION 
 
It can be concluded from this research findings that biochar 
application improves soil properties and nutrient status and also 
enhances the growth and yield of the okra plant. The effect of 
biochar application on growth (plant height, number of leaves, 
number of branches and stem girth) and yield (days to 50% 
flowering, number of fruits/plant, fruit weight, fruit length and 
total yield) of okra was found to be significant. NPK fertilizer 
did not have any influence on the number of leaves, days to 
50% flowering and fruit length of okra plant but significantly 
influenced the plant height, number of branches, stem girth, 
number of fruits/plant, fruit weight and total yield. Similarly, 
the combination of biochar at 20t/ha and NPK fertilizer at 150 
kg/ha produced the highest total yield of okra. This shows that it 
gives the best result in improving the soil properties and growth 
performance of okra. It can therefore be recommended that 

farmers in the study area can use biochar at 20 t/ha and NPK 
fertilizer at 150 kg/ha for optimum production of the okra plant. 
also, field experiments are needed to measure and quantify the 
long-term agronomic and environmental benefits of biochar on 
agricultural soils in the study area. 
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