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      INTRODUCTION 

 

                Sub-Saharan Africa has experienced rapid growth and diversification of agricultural 

production, driven by domestic and global market demands. However, this shift towards 

export-oriented crops has led to a decline in native crop diversity and increased vulnerability 

to climate variability. African Indigenous Vegetables (AIVs), including Amaranthus, play a 

vital role in ensuring food security and health for underprivileged communities in urban and 

rural areas. Research has shown that AIVs are more profitable than exotic vegetables, 

particularly for small-scale farmers, especially women, who require minimal financial 

investment (Shackleton et al., 2009). The market potential for AIVs is promising, with 

studies highlighting their natural adaptability to local conditions (Nyarko and Quainoo, 

2012). 

             Despite their importance, AIVs are understudied, particularly regarding their 

response to environmental stressors. Climate change is expected to exacerbate cropping 

conditions in sub-Saharan Africa, with more frequent dry spells. However, few studies have 

investigated the impact of soil moisture stress on AIVs (Olufolaji and Ojo, 2010), and even 
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                 Amaranthus sp. is an important African indigenous vegetable that 

contributes to food security and income generation for small-scale farmers. 

However, its growth is often limited by soil fertility and water availability. This 

study investigated the effects of sawdust biochar and watering regimes on the 

growth and yield of Amaranthus. A 5 x 3 factorial experiment was conducted 

in a screenhouse, with five levels of sawdust biochar (0, 1, 2, 3, and 4 t/ha) and 

three watering regimes (200 ml of fresh water added once, twice, and thrice a 

week). The results showed that biochar application significantly increased plant 

height, stem diameter, number of leaves, and dry matter yield. The optimal 

watering regime also increased plant growth and yield parameters. The 

interaction between biochar and watering regimes was significant for some 

plant growth measurements. The study demonstrated that sawdust biochar can 

improve soil fertility and structure, and its application can be used to promote 

plant growth and yield in tropical regions. The findings of this study provide 

valuable insights into the potential of biochar as a soil amendment for 

improving soil fertility and promoting plant growth. 
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fewer have examined nutrient management (Ojo et al., 2007). The success of AIVs depends 

on their sensitivity to environmental variables, such as water and nutrients. To enhance agro-

sustainability, recovering nutrients and water from organic residues is crucial. Organic soil 

amendments, like compost and biochar, are essential for sustainable urban production 

systems, providing carbon and nitrogen sources (De Lucia et al., 2013; Yadav et al., 2011). 

Biochar, in particular has been shown to improve soil fertility, reduce leaching, and promote 

carbon sequestration (Yuan and Xu, 2012). This study aimed to investigate the response of 

Amaranthus to sawdust biochar, watering regime, and Alfisol soil properties, focusing on 

growth performance, leaching potential, and water use efficiency. 
 

       MATERIALS AND METHODS  

 

              The experiment was carried out in the screenhouse at the Soil and Tree Nutrition 

department, Forestry Research Institute of Nigeria (FRIN) located on the longitude 07 o 

23’18” N to 07 o 23’43” N and latitude 03 o 51’20” E to 03 o 23’43”43E. The dry season 

usually commences from November to March while the rainy season starts from April to 

October. The average temperature is about 32oC; annual rainfall ranges from 1400 -1500mm 

and an average relative humidity of about 65% (FRIN, 2018).  Surface Alfisol samples were 

taken from the arboretum of FRIN and filled into a 2 kg capacity poly pot while a sub sample 

was taken for laboratory analysis. The study was a 5 X 3 factorial experiment fitted into a 

completely randomized design (CRD) with 4 replications having a total of 60 experimental 

units while each unit has 5 transplanted Amaranthus pre-germinated seedlings each at 2 

leaves stage to make a total of 300 Amaranthus seedlings used in the study. Factor one 

consists of 0 (B0), 1 (B1), 2 (B2), 3 (B3) and 4 (B4) t/ha sawdust biochar (The sawdust was 

collected at the sawmill of Forest Products Development &Utilization Department, FRIN 

and pyrolyzed at 3500c before being incorporated into the experimental soil in the polythene 

pots) while factor two was 200 ml of fresh water added to the soils once (W1), twice (W2) 

and thrice (W3) a week interval for a period of 6 weeks. Initial and post experimental routine 

soil analysis was carried out and the growth and yield parameters measured are plant height 

(cm), stem diameter, number of leaves and dry mater yield.  

Laboratory Analysis: 

              The subsamples of soil collected were air dried, and latter sieved with a 2 mm 

diameter sieve. These were later analyzed for selected soil physical and chemical properties 

following the procedures outlined by Amhakhian and Achimugu (2011). Particle-size 

analysis was done using the hydrometer method with sodium hexametaphosphate as the 

dispersing agent (Gee and Or, 2011). Percent sand silt and clay, the soil textures were 

determined using  USDA textural triangle. Soil organic with 50 ml ammonium acetate at pH 

7. The exchangeable K in the extract was determined with a flame photometer, and 

exchangeable Na, Ca and Mg was determined using an absorption spectrophotometer 

(Bremner, 1996; Nelson and Sommers,1996; Okalebo et al., 2002). Soil pH was determined 

in 1:2 soil-water medium using a digital electronic pH meter. 

Statistical Analysis: 

              Data collected was subjected to analysis of variance (ANOVA). Means were 

separated using the least significant different (LSD) at 5% probability level. 

         

       RESULTS  

 

             The initial and post experimental analysis of the physico-chemical properties of the 

soils were shown in Tables 1 and 2. The pH of the soil before experiment was found to be 

slightly acidic (6.10) while post analysis revealed the soil to be neutral (7.62 – 8.04). The 

Total Nitrogen was 1.53g/kg, Organic carbon was 13.80g/kg and available Phosphorus was 
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14.24g/kg. The exchangeable cation was Na (0.37cmol/kg), K (0.51 cmol/kg), Mg (0. 

Cmol/kg) and Ca (3.00 cmol/kg). The Particle size distribution shows Sand (82.0), Silt (13.0) 

and Clay (5.0). It is therefore classified as Sandy loam. Extractable micronutrients were also 

found to be 56.00 mg/kg for Mn, 99.40mg/kg for Fe, 1.04 mg/kg for Cu and 1.19 mg/kg for 

Zn. Manganese and iron contents were relatively high, while copper and zinc were relatively 

low. 

                       Table 1: Initial soil physicochemical properties analysis. 

 
 

Table 2: Post experimental soil analysis. 

 
Sawdust biochar t/ha: 0 (B0), 1 (B1), 2 (B2), 3 (B3) and 4 (B4). fresh water added to the soils once 

(W1), twice (W2) and thrice (W3) a week interval for a period of 6 weeks. O.C – Organic Carbon, 

T.N – Total Nitrogen   
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             The Table 3, shows the analysis of variance results of response of plant height to 

effects of sawdust biochar (B) and the watering regime. It was observed that there were 

significant differences (p<0.05) across the weeks after transplanting. Both the individual 

effects of biochar and watering regime were significant, while the interaction effect was not. 

However, at 6 weeks after transplanting, the treatment B4 /W2 had the highest height 

(34.7cm) which is comparable to the treatments B1/W1, B2/W1, B2/W2 and B4/W1. While 

the lowest was treatment B3/W3 (17.79cm). 

          Table 3: Effects of Saw dust biochar and watering regimes on Plant height. 

Means with different alphabets in the same column are significantly different from each other at * = 

p<0.05.  Sawdust biochar t/ha: 0 (B0), 1 (B1), 2 (B2), 3 (B3) and 4 (B4), fresh water added to the 

soils once (W1), twice (W2) and thrice (W3) a week interval for a period of 6 weeks. 

 

           Table 4, shows the stem diameter of the Amaranthus to the treatments. There were 

significant effects (p<0.05) from 1 to 5 weeks after transplanting, with week 6 not 

significantly affected. However, the interaction between biochar and watering regime was 

significant. At week 4 after transplanting, the treatment B4/W1 had the largest stem diameter 

(6.945mm) while the lowest stem diameter (2.64mm) was observed at B3/W3.  

            The result of number of leaves was shown on the Table 5, with both the biochar and 

the watering regime showing significance differences (p<0.05) in their individual effects. 

However, biochar effect was significantly higher than other effect with the treatment B4/W3 

having the largest number of leaves (11.375) at 6 weeks after transplanting which was 

comparable to the effect of B1/W1, while B0/W3 gave the least number of leaves (4.392).  

             The results of the effect of biochar and watering regimes on the dry matter yield was 

displayed on Table 6. There were significant differences (p<0.01) in the leaf and stem dry 

matter yield at biochar and watering regime individual effect, while the root dry matter was 

only significant at watering regime effect. Treatment B4/W1 was observed to have given the 

highest number of leaves (44.63), while B3/W3 gave the lowest number of leaves (5.19). In 

the same vein, the root dry matter was significant (p<0.05) at watering regime effect with 

the treatment B2/W1 giving highest root dry matter yield (2.85g) and the B3/W3 which gave 

the lowest root dry matter yield (0.347g). 

 

BIOCHAR WATER 1WAP 2WAP 3WAP 4WAP 5WAP 6WAP 

B0 W1 7.775ad 11.36be 17.96ac 21.63ae 26.18ad 31.73ab 

  W2 6.5de 8.62df 12.66ce 16.95df 23.07cf 29.07ab 

  W3 6.3de 7.79ef 10.86de 15.83ef 20.15df 18.5cd 

B1 W1 8.4ad 13.53ac 22.19a 27.02a 34.02a 33a 

  W2 9.85ab 13.82ac 20.74ab 25.55ac 31.35ab 32.07ab 

  W3 7ce 9.96cf 13.29ce 19.43bf 25.5bf 30.37ab 

B2 W1 10.225a 15.77a 22.46a 26.7a 31.75ab 33.1a 

  W2 10.15a 14.26ab 21.13ab 26.44ab 33.88a 33.38a 

  W3 5.85de 7.79ef 10.33de 12.62f 22.95cf 27.41ac 

B3 W1 7.85ad 11.21be 17.46ac 23.36a-d 29.85ac 32.12ab 

  W2 9.3ac 9.31df 15.69bd 18.6cf 21.89df 25.25ad 

  W3 4.95e 5.55f 8.36e 10.9f 16.55f 17.79d 

B4 W1 8.05a-d 12.48ad 20.96ab 25.61ac 32.9ab 32.83a 

  W2 7.35b-e 11.83ae 18.11ac 21.6ae 31.18ab 34.7a 

  W3 5.05e 6.24f 8.59e 11.64f 18.2ef 22.6bd 

LSD (0.05) 

B  1.338* 2.124* 2.885* 3.596* 3.926* 4.912* 

W  1.037* 1.645* 2.234* 2.786* 3.041* 3.804* 

BXW  2.318 3.678 4.996 6.229 6.8 8.507 
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          Table 4: Effects of Saw dust biochar and watering regimes on Stem diameter. 
Biochar Water 1WAP 2WAP 3WAP 4WAP 5WAP 6WAP 

B0 W1 1.604ab 2.776bd 3.6ab 5.22be 4.1ab 4.403a 

  W2 0.958cd 2.036de 2.251df 5.603ae 4.603a 3.972a 

  W3 0.885cd 1.516e 1.768ef 3.872ef 3.819ab 3.569a 

B1 W1 1.645a 3.378ab 3.647a 4.843be 5.501a 5.493a 

  W2 1.635a 3.375ab 3.268ad 4.147df 4.433ab 5.126a 

  W3 1.02cd 2.144ce 2.536b-e 4.79bf 4.703a 4.737a 

B2 W1 1.752a 3.808a 4.021a 6.401ab 4.42ab 4.803a 

  W2 1.654a 3.457ab 3.54ab 5.26ae 4.976a 4.594a 

  W3 0.92cd 1.364e 1.72ef 3.159f 4.358ab 5.077a 

B3 W1 1.348ac 3.102ac 3.189ad 5.947ac 4.926a 4.842a 

  W2 1.579ab 2.256ce 2.425ce 5.032be 4.762a 4.544a 

  W3 0.795cd 1.254e 1.214f 2.646f 2.625b 3.577a 

B4 W1 1.558ab 3.084ac 3.466ac 6.945a 5.38a 5.369a. 

  W2 1.18ad 2.863ad 2.962ad 5.705ad 4.95a 4.862a 

  W3 0.654d 1.217e 1.013f 4.607cf 4.424ab 5.006a 

LSD (0.05) 

B  0.3074* 0.505* 0.554* 0.862* 0.958 1.026* 

W  0.2381* 0.3911* 0.4291* 0.668* 0.742* 0.794 

BXW  0.5324 0.8746 0.9595 1.493* 1.66 1.776 

Means with different alphabets in the same column are significantly different from each other at * = 

p<0.05.  Sawdust biochar t/ha: 0 (B0), 1 (B1), 2 (B2), 3 (B3) and 4 (B4), fresh water added to the 

soils once (W1), twice (W2) and thrice (W3) a week interval for a period of 6 weeks. 

 

          Table 5: Effects of Saw dust biochar and watering regimes on Number of leaves. 
Biochar Water 1WAP 2WAP 3WAP 4WAP 5WAP 6WAP 

B0 W1 6.25bd 7.95ab 9.05ab 10.488ab 9.28bc 9.838ab 

  W2 6.35bd 5.575de 7.333bd 9.575ab 10.29ac 8.979ac 

   W3 5.7bd 5.3e 8.267ad 9.067ab 8.34c 4.392c 

B1 W1 7.7ab 8ab 9.95a 11.5a 13.15a 11.25a 

  W2 7.75ab 7.5ac 9.6ab 10.65ab 10.17ac 10.1ab 

  W3 6.6bc 5.95ce 8ad 9.004ab 10.33ac 10.183ab 

B2 W1 8a 8.75a 8.713ac 9.142ab 12.5ab 9.483ab 

  W2 7.4ab 8.062ab 9.8ab 11.033a 11.62ac 9.146ac 

  W3 4.95cd 5.05e 6.3ce 7.058b 9.46ac 8.25ac 

B3 W1 7.35ab 7.188ad 9.975a 10.15ab 11.68ac 7.587ac 

  W2 7.45ab 6.9be 8.354ad 9.637ab 10.94ac 9.354ab 

  W3 3.975d 4.3e 4.958e 6.979b 8.96bc 6.146bc 

B4 W1 7.25ab 7.4ac 9.688ab 10.025ab 12.38ab 9.562ab 

  W2 6.5ce 7.75ab 8.267ad 7.8ab 8.75bc 7.85ac 

  W3 4.471d 4.55e 5.95de 9ab 11a-c 11.375a 

LSD (0.05) 

B  1.053* 0.886* 1.247 1.886 1.866 2.41* 

W  0.816* 0.686* 0.966* 1.461* 1.446* 1.867 

BXW  1.824* 1.535* 2.16 3.267 3.233 4.174 

Means with different alphabets in the same column are significantly different from each other at * = 

p<0.05.  Sawdust biochar t/ha: 0 (B0), 1 (B1), 2 (B2), 3 (B3) and 4 (B4), fresh water added to the 

soils once (W1), twice (W2) and thrice (W3) a week interval for a period of 6 weeks. 
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      Table 6: Effects of Saw dust biochar and watering regimes on dry matter yield 

 
Means with different alphabets in the same column are significantly different from each other at * = 

p<0.05.  Sawdust biochar t/ha: 0 (B0), 1 (B1), 2 (B2), 3 (B3) and 4 (B4), fresh water added to the 

soils once (W1), twice (W2) and thrice (W3) a week interval for a period of 6 weeks. 

 

        DISCUSSION  

 

               The soil pH was found to be slightly acidic (6.10), which was later increased to 8.0 

which made the soil to become neutral and tending towards being alkaline. This was as a 

result of the addition of sawdust biochar while invariably serve as a liming material which 

causes the increase in the pH value of the soil (Yuan and Xu 2012). The Particle size 

distribution showed that the textural class is Sandy loam according to the USDA textural 

classification, which is well-drained and suitable for many crops. The total Nitrogen, organic 

carbon was observed to be reasonably high.  This indicates good soil fertility and structure. 

The total nitrogen content is 1.53 g/kg, which is moderate. The available phosphorus content 

is 14.24 mg/kg, which is relatively low. This may limit plant growth, and phosphorus 

fertilization may be necessary. The exchangeable cations were generally very low; however, 

Na and K were within the critical range. This study demonstrated that the biochar 

significantly increased the content of available phosphorus and calcium in the soil which has 

helped to neutralize the acidity (Table 2), which was in variance with the results of previous 

studies (Liang et al., 2014; Yin et al., 2014). Micronutrients Fe, Mn Zn and Cu were 

extremely high and (Alloway, B. J. 2004; Lee Jacobs, 2008).  

             Biochar can adsorb soil organic molecules and promote organic molecule 

polymerization to form organic matter through surface catalytic activity (Van Zwieten et al., 

2010). In addition, the slow decomposition of biochar contributes to the development of 

humus and promotes soil fertility (Joseph et al., 2010). The increase of available potassium 

in soil may also be due to the interaction and reaction of biochar with soil in the short term, 

such as adsorption and desorption, dissolution, precipitation and redox reactions (Joseph et 

al., 2010). 

               It was observed that biochar had little effect on the content of alkali nitrogen and 

available phosphorus (Table 2), which may be due to the low content of mineral nitrogen 

and available phosphorus in the sawdust biochar. Previous studies have proved that the 
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contents of mineral nitrogen and available phosphorus in some plant biochar were extremely 

low (Chan et al., 2008). 

             Biochar application has been shown to increase plant height in various studies. For 

example, a study by Zhang et al. (2012) found that biochar application increased maize plant 

height by 15.6% compared to the control. Similarly, a study by Major et al. (2010) found 

that biochar application increased plant height in a soybean crop. Increasing watering 

regimes has also been shown to increase plant height. A study by Hsiao et al. (2007) found 

that optimal irrigation increased plant height in a wheat crop. Another study by Abdel-Fattah 

et al. (2014) found that increasing watering regimes increased plant height in a wheat crop. 

The interaction between biochar and watering regimes on plant height has also been studied. 

A study by Zhang et al. (2012) found that the interaction between biochar and irrigation was 

significant for plant height. Similarly, a study by Abdel-Fattah et al. (2014) found that the 

interaction between biochar and watering regimes was significant for plant height. 

            Biochar application has also been shown to increase stem diameter. A study by Major 

et al. (2010) found that biochar application increased stem diameter in a soybean crop. 

Similarly, a study by Zhang et al. (2012) found that biochar application increased stem 

diameter in a maize crop. Increasing watering regimes has also been shown to increase stem 

diameter. A study by Hsiao et al. (2007) found that optimal irrigation increased stem 

diameter in a wheat crop. The interaction between biochar and watering regimes on stem 

diameter has also been studied. A study by Zhang et al. (2012) found that the interaction 

between biochar and irrigation was significant for stem diameter. 

              Biochar application has also been shown to increase the number of leaves. A study 

by Major et al. (2010) found that biochar application increased the number of leaves in a 

soybean crop. Similarly, a study by Zhang et al. (2012) found that biochar application 

increased the number of leaves in a maize crop. Increasing watering regimes has also been 

shown to increase the number of leaves. A study by Hsiao et al. (2007) found that optimal 

irrigation increased the number of leaves in a wheat crop. The interaction between biochar 

and watering regimes on the number of leaves has also been studied. A study by Zhang et 

al. (2012) found that the interaction between biochar and irrigation was significant for the 

number of leaves. 

             Biochar application has also been shown to increase dry matter yield. A study by 

Zhang et al. (2012) found that biochar application increased dry matter yield in a maize crop. 

Similarly, a study by Major et al. (2010) found that biochar application increased dry matter 

yield in a soybean crop. Increasing watering regimes has also been shown to increase dry 

matter yield. A study by Hsiao et al. (2007) found that optimal irrigation increased dry matter 

yield in a wheat crop. The interaction between biochar and watering regimes on dry matter 

yield has also been studied. A study by Zhang et al. (2012) found that the interaction between 

biochar and irrigation was significant for dry matter yield. 

CONCLUSION 

            The study investigated the effects of sawdust biochar on soil properties and plant 

growth. The results showed that biochar application significantly increased soil pH, available 

phosphorus, and calcium content, while also improving soil fertility and structure. This study 

provides new insights into the role of sawdust biochar in improving soil fertility and plant 

growth under different watering regimes. While previous studies have examined the benefits 

of biochar, this research specifically demonstrates how sawdust biochar enhances soil pH, 

available phosphorus, and calcium content, leading to improved soil structure and fertility. 

Moreover, the observed increase in plant height, stem diameter, number of leaves, and dry 

matter yield highlights the effectiveness of biochar under optimal water conditions. These 

findings contribute to a deeper understanding of biochar’s potential as a sustainable soil 

amendment, particularly in water-limited environments, where optimizing soil moisture can 

further maximize its benefits. 
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            It is therefore recommended sawdust biochar and optimal watering regimes can be 

used to improve plant growth and soil properties, particularly in acidic soils. Then, further 

research is needed to investigate the long-term effects of sawdust biochar and other sources 

of biochar, such as those derived from different feedstocks or production methods, should 

be explored for their potential effects on soil properties and plant growth. 
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