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ABSTRACT 

The experiments were conducted at the Teaching and Research Farm, Faculty of Agriculture, Shabu–Lafia 

Campus of Nasarawa State University, Keffi, during the 2018 and 2019 cropping seasons to examine the 

integrated effects of biochar and micronutrient on the growth and yields of soybean. The experiments were laid 

in Randomized Complete Block Design (RCBD with three replications. Biochar at the rates of 0, 4, 8 and 12 

tons/ha was incorporated into the ridges before planting the soybean seeds. Micronutrient at the rate of 0.0, 0.5 

and 1 litre/ha was foliar applied two weeks after planting. All data collected were subjected to analysis of 

variance (ANOVA) using GENSTAT Statistical Package while least significant different (LSD) was used to 

separate treatment means at 5 % level of probability. The results revealed that biochar at the rate of 8 tons/ha, 

when combined with micronutrient at the rate of 0.5 litre/ha, recorded significantly (P<0.05) tallest soybean 

plant,the highest number of branches and nodules number per plant, heaviest weight of fresh nodules per 

soybean plant and grain yields (kg/ha) against other treatment combinations. The results also showed that the 

integration of the highest dose of biochar (12 tons/ha) with the highest dose of micronutrient (1 litre/ha) did not 

necessarily influence and increased soybean growth and yield parameters tested in this study. Therefore, 

integration of biochar at the rate of 8 tons/ha with micronutrients at the rate of 0.5 litre/ha is recommended for 

sustainable soybean production in the study area. 
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INTRODUCTION 

The increasing population, the realization of the concept of 

balanced nutrition by farmers in Nigeria and the country drive 

for food security has necessitated the abandonment of the 

traditional extensive agricultural practices to a more intensive 

agricultural system that involved the use of high yielding and 

rapidly growing crop varieties that are nutrient demanding  

(Mustapha and Loks, 2005). Biochar is a heterogeneous and 

chemically complex material, made by heating biomass under 

the exclusion of air (oxygen) through the process known as 

pyrolysis (Wilson, 2014a). It is one of the oldest soil 

amendments methods in the history of agriculture (Wilson, 

2014b). Biochar improves soil properties, maintains 

environmental sustainability, increases soil water holding 

capacity, improves soil aeration, releases plant nutrients and 

raises soil pH values (Aneseyee and wolde, 2021, Schmidt 

and Wilson, 2014).  Biochar is widely applied as soil 

amendments for carbon sequestration, improvement of crop 

yield and remediation of pollution (Antonangelo et al., 2021. 

Clurman et al. 2020, Wang et al., 2020).  Biochar improves 

soil structure, facilitates carbon sequestration and maintains 

soil fertility (Sun et al., 2021,Yang and Lu 2021, Zheng et al., 

2018, Wang, et al., 2017, Kookana et al., 2011). 

Micronutrients are essential elements required by plants in 

small quantities/amounts. However, their unavailable or 

inadequacy levels in the soil limit critical plants functions 

which result in plants abnormalities, reduced growth and 

consequently low crop yields. They complement the functions 

of expensive macronutrients that are required by plants in 

large quantities/amounts.(Kabata-pendias & Pendias, 2011). 

Brady and Weil ,(2014) stated that micronutrients are required 

by plants in very small quantities and their concentration in 

plant tissues is lower than the macronutrients but plays many 

complex roles in plant nutrition and participate in life -

supporting and functioning processes such as enzyme systems 

in plants. Micronutrients are becoming increasingly important 

to World agriculture as their removal by crops increases 

(Brady and Weil, 2014). The increasing attention to 

micronutrients deficiencies is due to the increase in high -

yielding crop varieties which leads to increase uptake of the 

nutrients from the soil and most chemical fertilizers do not 

contain the nutrients (Brady and Weil, 2014).  Kabata-pendias 

& Pendias, (2011) and Kumar & Babel, (2011) stated that 

micronutrients play important role in maintaining soil health 

and productivity of crops.  Micronutrients are important in 

plant nutrition as macronutrients and have the same 

agronomic importance as macronutrients and play vital roles 

in plant growth (Havlin et al., 2014, Nazif et al., 2006). 

Soybean (Glycine max. (L.) Merill) is a species of legume, 

widely grown for its edible bean which has numerous uses. It 

is classified by Food and Agricultural Organization (FAO) as 

an oil-seed rather than a pulse crop. Soybean is a leguminous 

vegetable crop belonging to the pea family and a native to East 

Asia which was domesticated in the 11th century BC around 

Northeast of China. It is believed that it might have been 

introduced to Africa in the 19th century by Chinese traders 

along the East coast of Africa.  Nigeria is the largest producer 

of soybean in sub-Saharan Africa (SSA) followed by South 

Africa. It requires an annual rainfall of more than 700 mm and 

well- drained and fertile loamy soils with high organic matter 

and pH range between 6.0 and 7.5.  It is produced mostly in 

the middle belt of Nigeria with Benue State accounting for 

about 45%-70% of the total production in the country (Dugje 

et al., 2009). It is an excellent source of dietary fiber Vitamins 

and Minerals and the only available crop that provides an 
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inexpensive and high- quality source of protein comparable to 

meat, poultry and eggs. It is a good source of food such as 

soy-milk, soy-cheese, dadawa (soy-maggi),various 

vegetables oil, soybean cake for human and livestock etc. It 

contains more than 36% protein, about 30% carbohydrates 

and 20% oil (Atli, 2019; Manral and Sexana, 2003). Soybean 

provides excellent fodder for livestock, improves soil fertility 

and crop production by adding nitrogen from the atmosphere 

for its growth and for succeeding crops especially cereal crops 

which is a major benefit in African farming systems where 

soils have become exhausted by the need to produce more 

food for increasing population and where fertilizers are hardly 

available (scarce) and expensive for farmers (Fairhust, 2012, 

Dugje et al., 2009). The decomposed leaves of soybean 

improve soil fertility (Fairhust, 2012). When soybeans are 

grown in rotation with cereals crops, they serve as catch crops 

in controlling weeds, especially striga hermonthica in maize 

farms (Dugje et al., 2009).There is increasing economic 

importance and uses of Soybean as it is being converted and 

made into various traditional food products such as soy- cake, 

soy- milk, soy- soup, etc. in Lafia by the local populace but  

combine use of biochar and micronutrient to improve and 

increase the cultivation of the crop has not received much 

attention in the study area. Hence the need for this kind of 

study to encourage local farmers to increase the production of 

the crop to meet the increasing demands by the inhabitants of 

the study area. Therefore this study aims at evaluating the 

combined effects of biochar and micronutrient on the growth 

and yield of Soybean in Lafia, Southern Guinea Savanna of 

Nigeria. 

 

MATERIALS AND METHODS 

The experiments were conducted at the Teaching and 

Research Farm, Faculty of Agriculture, Nasarawa State 

University, Shabu-Lafia Campus in the Southern Guinea 

Savannah zone of Nigeria, during the 2018 and 2019 cropping 

seasons. The experiments were laid out in a randomized 

complete block design (RCBD) with three replications. 

Biochar was incorporated into ridges before planting at the 

rates of 0, 4, 8 and 12 tons/ha. Four (4) seeds of soybean were 

planted per hole on four manually prepared ridges of 2m long 

at a spacing of 5cm between plants and at about 75cm between 

ridges. Seedlings were thinned to two (2) plants at two (2) 

weeks after planting (WAP) while micronutrient at the rates 

of 0.0, 0.5 and 1 litres/ha was foliar applied at two weeks after 

planting (WAP). All data obtained from this study were 

subjected to analysis of variance (ANOVA) using GENSTAT 

Statistical Package ( discovery edition 1) while the least 

significant difference (LSD) was used to separate treatment 

means at 5% level of probability. 

 

RESULTS AND DISCUSSION 

The result of the integrated effects of biochar and 

micronutrient on soybean plant height indicated that biochar 

at the rate of 8 tons per hectare, when combined with 

micronutrient at the rate of 0.5 litres per hectare, produced 

significantly (P<0.05) tallest soybean plant (42.4 and 47.5cm) 

against other treatment combinations of biochar and 

micronutrient in 2018 and 2019 cropping seasons respectively 

(Table 1). This finding is in line with the finding of Ali et al. 

(2021) who reported that integrating biochar with compost 

considerably enhanced soybean growth parameters probably 

due to the positive effect of compost- biochar on soil 

properties. Mete et al. (2015) also reported that the combined 

application of biochar and NPK increased soybean growth by 

84% against the control. Agboola and Moses, (2015) reported 

that the combined application of biochar and cow dung 

significantly increased the growth of Soybean. Adissie et al. 

(2020) reported that Boron as Micronutrient enhanced the 

biomass of Soybean compared to the control. El-Haggan, 

(2014) reported that foliar application of the combination of 

Fe, Zn, Mn and B produced the highest values of plant height 

and number of branches per plant per hectare compared to the 

control treatment. The positive influence of the combined 

application of biochar and micronutrient to soil observed on 

some plant parameters tested could be explained that the 

combined application contributed better to improving soil 

nutrients and could be used to improve soil fertility for 

sustainable Soybean crop production in the study area.  

 

Table 1: Integrated Effect of Biochar and Micronutrient on Soybean Plant Height (cm) during 2018 and 2019 

Cropping Seasons 

Biochar (tons/ha) Micronutrient (L/ha) Micronutrient (L/ha) 

  2018   2019   

  0 0.5 1.0 0 0.5 1.0 

0  37.9d 40.1c 38.7b 38.9c 41.6c 39.4c 

4  38.9b 41,6b 37.6b 40.6a 44.8b 41.0a 

8  39.4a 42.4a 40.2a 40.4a 47.5a 41.1a 

12  38.4c 39.2d 38.8b 39.4b 40.3d 40.2b 

LSD (0.05) 0.24   0.38   

Values within a column followed by the same alphabet are not significantly different at 5% level of probability. 

 

The result of the combined effect of biochar and micronutrient 

on a number of branches per soybean plant indicated that 

biochar at the rates of 4 tons and 8 tons per hectare produced 

a similar number of branches (3.5) when combined with 

micronutrients at the rate of 0.0 litre per hectare (control) 

while biochar at the rate of 8 tons per hectare recorded 

significantly (P<0.05) highest number of branches per 

soybean plant when integrated with micronutrient at the rates 

of 0.5 litre/ha  (4.5) and 1.0 litres/ha (3.5) during 2018 

cropping season (Table 2). The result also showed that 

biochar at the rates of 4 and 8 tons per hectare when integrated 

with micronutrients at the rates of 0.5 and 1.0 litres per hectare 

recorded similar number of branches per soybean plant while 

biochar at the rate of 4 tons per hectare recorded significantly 

(P<0.05) highest number of branches per soybean plant (3.8) 

when combined with micronutrient at the rate of 0.0 litre per 

hectare during 2019 cropping season. This finding is in line 

with the finding of Ali et al. (2021) who reported that 

integrating biochar with compost considerably enhanced 

soybean growth parameters probably due to the positive effect 

of compost-biochar on soil properties. Mete et al. (2015) 

reported that total biomass production of Soybean increased 

on average by 67% as a result of the combined application of 

biochar and NPK fertilizer compared to the control.  Agboola 

and Moses (2015) also reported that the combined application 

of biochar and cow dung significantly increased soybean 

growth parameters. Similarly Vyas et al. (2003) reported that 
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combined application of 5kg Zn/ha and 10 tons FYM/ha 

increased the growth parameters of Soybeans. 

 

Table 2: Integrated Effect of Biochar and Micronutrient on Soybean Number of Branches during 2018 and 

2019 Cropping Seasons 

 

Values within a column followed by the same alphabet are not significantly different at 5% level of probability. 

 

 

The result of the combined effect of biochar and micronutrient 

on nodule number per soybean plant ( Table 3 ) indicated that 

biochar at the rate of 8 tons per hectare when combined with 

all micronutrient levels produced significantly (p<0.05) the 

highest number of nodules per soybean plant in the 2018 and 

2019 cropping seasons respectively except where biochar at 

the rate of 4 tons per hectare, when combined with 

micronutrient at the rate of 1.0 litre per hectare, produced 

significantly (p>0.05) highest number of nodules per soybean 

plant (15.2) followed by biochar at the rate of 8 tons per 

hectare (13.5) in 2019 cropping season. This result is in line 

with the finding of Geeta et al. (2008) who reported a 

significant increase in the nodule number, nodule dry weight 

and nodule N content as a result of seed treatment with the 

combination of zinc and molybdenum and significantly 

higher dry matter production with the combination of zinc, 

iron and molybdenum against the control. Adissie et al. 

(2020) reported that boron as a micronutrient enhanced 

nodule number, nodule dry weight, biomass of Soybean 

compared to the control. El-Haggan (2014) reported that 

foliar application of the combination of Fe, Zn, Mn and B 

produced significantly highest values of plant height, number 

of branches per plant, compared to the control treatment. 

Adissie et al. (2020) reported that boron as a micronutrient 

enhanced nodule number, nodule dry weight of soybean 

compared to control. The positive influence of the combined 

application of biochar and micronutrient to soil observed on 

some plant parameters tested could be explained that the 

combined application contributed better to improving soil 

nutrients and could be used to improve soil fertility for 

sustainable soybean crop production in the study area.

 

 

Table 3: Integrated Effect of Biochar and Micronutrient on the Number of Nodules per Plant during 2018 

and 2019 Cropping Seasons 

Biochar (tons/ha) Micronutrient (L/ha) Micronutrient (L/ha) 

  2018   2019   

  0 0.5 1.0 0 0.5 1.0 

0  11.5d 13.5d 13.2d 10.3c 11.5d 11.8d 

4  16.2c 19.5b 16.8c 13.7b 17.0b 15.2a 

8  18.7a 24.2a 19.5a 15.2a 20.5a 13.5b 

12  18.0b 18.0c 18.2b 13.2b 13.2c 12.7c 

LSD (0.05) 0.67   0.57   

Values within a column followed by the same alphabet are not significantly different at 5% level of probability. 

 

The result of the integrated effect of biochar and 

micronutrient on fresh weight of nodules per soybean plant 

(Table 4) indicated that biochar at the rate of 8 tons per 

hectare, when combined with at all levels of micronutrient, 

recorded significantly (p>0.05) highest weight of fresh nodule 

per soybean plant in 2018 and 2019 cropping seasons except 

micronutrient at the rate of 1.0 litre per hectare in 2019 

cropping season where biochar at the rate of 4 tons per hectare 

produced significantly (p>0.05) heaviest weight of fresh 

nodules (3.3) per soybean plant against other treatment 

combinations of biochar and micronutrient. The results also 

showed that biochar at the rate of 0.0 ton per hectare (control) 

recorded the lowest nodules fresh weight across all levels of 

micronutrient in both cropping seasons.  This finding is in line 

with the finding of Geeta et al. (2008) who reported a 

significant increase in the nodule number, nodule dry weight 

and nodule N content as a result of seed treatment with the 

combination of zinc and molybdenum and significantly 

higher dry matter production with the combination of zinc, 

iron and molybdenum against the control. Adissie et al. 

(2020) reported that Boron as Micronutrient enhanced nodule 

number, nodule dry weight and biomass yield of soybean 

compared to the control. El-Haggan (2014) reported that 

foliar application of the combination of Fe, Zn, Mn and B 

produced significantly (P<0.05) highest values of plant 

height, number of branches per plant, compared to the control 

treatment. Adissie et al. (2020) reported that Boron as a 

micronutrient enhanced nodule number, nodule dry weight of 

soybean compared to control. The positive influence of the 

combined application of biochar and micronutrient to soil 

observed on some plant parameters tested could be explained 

that the combined application contributed better to improving 

soil nutrients and could be used to improve soil fertility for 

sustainable soybean crop production in the study area. 

 

 

 

Biochar (tons/ha) Micronutrient (L/ha) Micronutrient (L/ha) 

  2018   2019   

  0 0.5 1.0 0 0.5 1.0 

0  2.5b 3.5c 3.0c 3.0b 3.3b 2.8a 

4  3.5a 3.7b 3.0b 3.8a 4.3a 3.0a 

8  3.5a 4.5a 3.5a 3.0b 4.7a 3.0a 

12  2.3b 3.0d 3.3c 3.0b 3.3b 2.7a 

LSD (0.05) 0.30   0.51   
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Table 4: Integrated Effect of Biochar and Micronutrient on the Fresh Weight of Nodules per Plant during 

2018 and 2019 Cropping Seasons 

Biochar (tons/ha) Micronutrient (L/ha) Micronutrient (L/ha) 

  2018   2019   

  0 0.5 1.0 0 0.5 1.0 

0  2.2d 2.6c 2.0d 1.8d 2.1d 2.2d 

4  2.6c 3.5b 2.4c 2.9b 4.2b 3.3a 

8  3.2a 4.6a 3.6a 3.1a 4.6a 3.0b 

12  2.6c 2.7c 2.5c 2.7c 3.0c 2.7c 

LSD (0.05) 0.18   0.17   

Values within a column followed by the same alphabet are not significantly different at 5% level of probability. 

 

The result of the combined effect of biochar and micronutrient 

on 100 seed weight of soybean (Table 5) showed that biochar 

at the rate of 12 tons/ha, when combined with micronutrient 

at the rates of 0.0 (control) and 1.0 litre/ha, recorded 

significantly (p<0.05) heaviest weight (13.7 and 14.0g) per 

100 seed of soybean while biochar at the rate of 8 tons per 

hectare when combined with micronutrient at the rate of 0.5 

litre/ha recorded significantly (p>0.05) heaviest weight 

(22.4g) per 100 seed of soybean in 2018 cropping season. The 

result also showed that biochar at the rate of 8 tons/ha, when 

combined with micronutrient at the rate of 0.5 litre/ha, 

recorded significantly (p<0.05) heaviest weight (17.3g) per 

100 seed of soybean while biochar at the rate of 4 tons/ha 

recorded significantly heaviest weight per 100 seed of 

soybean when combined with micronutrient at the rates of 0.0 

(13.4g) and 1.0 litres/ha (14.3g) during 2019 cropping season. 

The result further showed that biochar at the rate of 0.0 ton/ha 

(control) recorded the lowest weight per 100 seed weight 

when combined with all levels of micronutrient in both 

cropping seasons. Mete et al. (2015) reported that seed yield 

of Soybean increased on average by 84% as a result of the 

combined application of biochar and NPK fertilizer compared 

to the control.  Agboola and Moses ,(2015) also reported that 

the combined application of biochar and cow dung 

significantly increased yield parameters. Similarly, Ali et al, 

(2021) reported that integrating biochar with compost 

considerably enhanced Soybean yield. Vyas et al. (2003) 

reported that the combined application of 5kgZn/ha and 10 

tons FYM/ha increased grain yield of soybean (1790 kg/ha) 

by 18% over the control (1515 kg/ha). This result revealed the 

advantage and benefit of integrating biochar and 

micronutrient for soybean production as reflected in all 

parameters tested probably because of soil improvement by 

one or all of them and could be used to improve soil nutrients 

and soil fertility for sustainable soybean crop production in 

the study area. 

 

Table 5: Integrated Effect of Biochar and Micronutrient on 100 seed Weight of Soybean during 2018 and 

2019 Cropping Seasons 

Biochar (tons/ha) Micronutrient (L/ha) Micronutrient (L/ha) 

  2018   2019   

  0 0.5 1.0 0 0.5 1.0 

0  12.4d 13.1d 12.5d 11.9c 12.8d 13.2c 

4  13.2c 20.0b 13.0c 13.4a 14.9b 14.3a 

8  13.5b 22.4a 13.9b 12.8b 17.3a 13.7b 

12  13.7a 14.4c 14.0a 12.8b 13.8c 12.8c 

LSD (0.05) 0.16   0.43   

Values within a column followed by the same alphabet are not significantly different at 5% level of probability. 

 

The results of the integrated effect of biochar and 

micronutrient on seed yield per hectare (Table 6) indicated 

that biochar at the rate of 8 tons/ha recorded significantly 

(p<0.05) heaviest weight of soybean seed per hectare when 

combined with all levels of micronutrient (1306.3, 1388.3 and 

1221.7 kg/ha) in 2018 and 2019 cropping seasons 

respectively. The result also showed that biochar at the rate of 

4 tons/ha recorded significantly (p<0.05) heaviest weight 

(1312.0  and 1398.7 kg/ha) of seed of soybean per hectare 

when combined with micronutrient at the rates of 0.0litre/ha 

(control) and 0.5 litre/ha and biochar at the rate of 8 tons/ha 

recorded significantly (p<0.05) heaviest weight 

(1227.3kg/ha) seed yield of soybean per hectare when 

combined with micronutrient at the rate of 1.0 litre/ha during 

2019 cropping season.  The results further revealed that 

biochar at the rate of 0.0 ton/ha (control) recorded lowest seed 

yield per hectare across all levels of micronutrient in both 

2018 and 2019 cropping seasons respectively. Mete et al. 

(2015) reported that seed yield of Soybean increased on 

average by 84% as a result of the combined application of 

biochar and NPK fertilizer compared to the control.  Agboola 

and Moses (2015) also reported that combined application of 

biochar and cow dung significantly increased soybean yield 

parameters. Similarly, Ali et al. (2021) reported that 

integrating biochar with compost considerably enhanced 

Soybean yield. Vyas et al. (2003) reported that combined 

application of 5 Kg Zn/ha and 10 tons FYM/ha increased 

grain yield of Soybeans (1790 kg/ha) by 18% over the control 

(1515 kg/ha). Geeta et al. (2008) reported a significant 

increase in yield in soybean with the combination of zinc, iron 

and molybdenum against the control. Adissie et al. (2020) 

reported that boron as micronutrient enhanced the yield of 

soybean compared to the control. El-Haggan (2014) reported 

that foliar application of the combination of Fe, Zn, Mn and 

B produced the highest values of 100 seed weight, seed yield 

per plant and hectare compared to the control treatment. This 

result revealed that integrating biochar and micronutrient has 

a strong influence on the growth and yield parameters of 

soybean tested probably because of soil improvement by one 

or all of them and could be used to improve soil nutrients and 

soil fertility for sustainable soybean crop production in the 

study area.  
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Table 6: Integrated Effect of Biochar and Micronutrient on Seed Yield per Hectare during 2018 and 2019 

Cropping Seasons 

Biochar (tons/ha) Micronutrient (L/ha) Micronutrient (L/ha) 

  2018   2019   

  0 0.5 1.0 0 0.5 1.0 

0  732.0d 1300.7d 1150.3d                 734.7d 1309.7d 1163.3d 

4  1186.7b 1342.3b 1197.7b                   1312.0a 1398.7a 1203.0b 

8  1306.3a 1388.3a 1221.7a 1193.7b 1353.7b 1227.3a 

12  1067.3c 1317.0c 1186.0c 1073.3b 1321.0c 1192.0c 

LSD (0.05) 0.20   0.43   

Values within a column followed by the same alphabet are not significantly different at 5% level of probability. 

 

CONCLUSION AND RECOMMENDATION 
From the results of this study, it can be concluded that 

combined application of biochar and micronutrient 

significantly (P<0.05) and positively influenced soybean 

plant growth and yield parameters. The results of this study 

showed that the combined application of biochar at the rate of 

8 tons/ha and micronutrient at the rate of 0.5 litre/ha was 

found to have performed significantly (P<0.05) best as 

reflected in all the variables measured compared to all other 

treatment combinations. The results further revealed that the 

combined application of the highest dose of biochar (12 

tons/ha) and micronutrient (1 litre/ha) in this study did not 

necessarily result in increased soybean growth and yield 

parameters tested. Therefore, integrating biochar at the rate of 

8 tons/ha with micronutrients at the rate of 0.5 litre/ha is 

recommended for sustainable soybean production and yield 

increase in the study area. 
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