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 24 

Abstract  25 

Pakistan's agricultural soils exhibit a high tendency for leaching, low quantities of organic 26 

matter, and minimal microbial activity. The situation is aggravated by human activities such 27 

as bush burning, mining, sand extraction, and ongoing conventional methods of farming. 28 

These methods, together with the naturally low amounts of organic matter, result in the soil 29 

being deprived of essential nutrients. These nutrients are necessary for the optimal growth 30 

and yield of crops. Enhancing crop production such as maize and other crops on nutrient-31 

deficient soils has the potential to improve household food security in Pakistan, necessitating 32 

the implementation of appropriate measures. Various techniques have been devised to 33 

mitigate the deleterious impacts on plants. The use of biochar, an organic substance produced 34 

through pyrolysis with limited oxygen supply, as a soil amendment is currently attracting 35 

significant attention globally. This study aimed to assess the effectiveness of a mixture of 36 

Acacia-biochar, NPK fertilizer, and compost in improving soil quality and boosting yields of 37 

crops. The first variable examined in the study was the biochar dosage, which was divided 38 

into four levels: no biochar, a biochar dosage of 5, 10, and 15 t ha-1. Additionally, it is 39 

important to take into account the selection of fertilizer, which consists of four different types: 40 

non-fertilizer, NPK, compost, and NPK + compost. The results showed that applying biochar 41 

at a rate of 10 t ha-1, along with NPK + compost, improved the availability of phosphorus and 42 

potassium, and significantly enhanced soil quality, as indicated by a soil quality rating value 43 

of 18. Applying a rate of 10 t ha-1 of biochar, along with NPK + compost, led to the highest 44 
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dry weight of seed maize, achieving 12.80 t ha-1. This represents a 40% augmentation in 45 

relation to the conditions without biochar and with the addition of NPK + compost. When the 46 

seed maize is weighed without any moisture content, the yield of 12.80 t ha-1 results in the 47 

highest level of efficient agronomic value, which is 120.31%. Additionally, the feasibility 48 

value for growing maize in drylands is 1.28. 49 

Keywords: Biochar, compost, NPK-fertilizer, maize, microbial population. 50 

   51 

1. Introduction  52 

Dryland conditions are typically distinguished by a range of constraints, including 53 

inadequate soil structure, significantly low carbon-organic content, and limited capacity to 54 

store water and nutrients. The emergence of dry-land agriculture is hindered by several 55 

limitations (Sufardi, 2024). The lack of attention to water and soil conservation principles in 56 

dryland management has resulted in the degradation of land and reduced production (Sofia et 57 

al., 2024). Rehabilitation can enhance dryland production by improving the soil quality, 58 

including its physicochemical and biological properties.  One potential approach to enhance 59 

soil quality in arid regions is the utilization of diverse elements such as soil ameliorants or 60 

conditioners (Sazali et al., 2024). 61 

Inorganic fertilizers and farmyard manures are being used to restore the degraded soils in 62 

the tropics. However, the continuous use of the inorganic fertilizers to restore degraded soil 63 

may increase soil acidification, decline microbial abundance and population, affect both the 64 

soil biota and biogeochemical processes thus posing an environmental risk and decreasing 65 

crop yield (Tusar et al., 2023). Also, soil amendments such as manure or compost have 66 

proven to enhance the physical environment and supply the soil with macro and 67 

micronutrients. Still, the high rapid decomposition and mineralization of organic resources 68 

make it ineffective for the reclamation of highly weathered soils on a long-term basis (Al-69 

Swadi et al., 2014). Given that healthy soils will help feed the ever-growing world population, 70 

innovative agriculture technologies and practices are needed to prevent healthy soil from 71 

degradation (Maqbool et al., 2024). Sustainable agricultural intensification (SAI) has been 72 

proposed as a climate-smart approach for remediation of degraded soil. One of the major 73 

aims of SAI practices is to enhance soil storage of black carbon on degraded soils, which can 74 

be derived by incorporating biochar into the degraded soil (Nie et al., 2021). Different 75 

strategies have been developed to reduce the toxic effects of heavy metals and salt stresses in 76 
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plants (Lee and Kasote, 2024). The application of biochar pyrolyzed organic material under a 77 

limited supply of oxygen, as a soil amendment is currently gaining considerable interest 78 

worldwide (Amalina et al., 2023; Ghorbani et al., 2024). . Biochar supplementation is linked 79 

to a diverse range of beneficial effects, including enhanced soil microbial activity, improved 80 

soil nutrient absorption through plants, higher nutrient availability in soil, and reduced 81 

nutrient leaching (Maniraj et al., 2023). In addition, it enhances soil aeration, bulk 82 

density, porosity, infiltration rate, water holding capacity, aggregate stability, and hydraulic 83 

conductivity, heavy metals stabilization, and restricts their bioavailability to plants cultivated 84 

in unfavourable or low-quality soils (Elkhalifa et al., 2022). Several studies have reported the 85 

positive effects of BC under either heavy metal or salt stress (Shoudho et al., 2024). The 86 

addition of biochar in the soil increased the soil pH and decreased the bioavailability and 87 

uptake by plants (Dutta et al. 2024). It has been reported that biochar was more effective in 88 

reducing heavy metal uptake by wheat plants compared to other organic amendments (Yadav 89 

and Ramakrishna, 2023). Similarly, applying biochar to potatoes under metal stress boosted 90 

their growth, photosynthetic rate, and yield while also causing a decrease in Na+ and an 91 

increase in K+ in the xylem (Gusiatin and Rouhani, 2023). In addition to increasing maize 92 

biomass and growth, the biochar and bacteria that promote plant growth also reduced the Na+ 93 

and raised the K+ level of the maize xylem sap (Gusiatin and Rouhani, 2023). Applying 94 

biochar boosted bean development under stress soil and decreased oxidative stress 95 

(Mukhopadhyay et al., 2024). Biochar additionally facilitates the proliferation of 96 

microorganisms and mitigates the adverse impacts of heat, salinity, and drought stress on 97 

crops. It promotes the growth and production of crops, accelerates the process of biological 98 

nitrogen fixation in legumes, and aids in the sequestration of carbon (Garcia et al., 2022). 99 

Subsequently, little information is available in the literature regarding the effect of the 100 

woody-biochar amendment on stressed soil maize grown even though maize is facing 101 

environmental stresses simultaneously. There is currently a scarcity of research on the 102 

advantages of biochar in enhancing soil quality on dry land for different crops, particularly 103 

maize.  Enhancing soil quality on dry land is crucial for advancing corn production in 104 

Bahawalpur. We hypothesized that biochar, NPK, and compost may alleviate environmental 105 

stress in maize by enhancing the soil health and quality. In this study, we examined the 106 

importance of Acacia-biochar in enhancing the efficacy of NPK and compost fertilizer 107 

to enhance soil quality and boost maize production in dryland environments.  The present 108 
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work contends that the addition of Acacia-biochar with NPK and compost has the potential to 109 

enhance soil quality and increase maize yield in arid regions. 110 

2. Materials and Methods 111 

The experiment was carried out at Islamia University of Bahawalpur located in 112 

Bahawalpur, Punjab, Pakistan (29° 23’ 44.5956’’ N and 71° 41’ 0.0024’’ E). The climate in 113 

District Bahawalpur is characterized by extremely hot and dry summers, along with cold and 114 

dry winters. The maximum temperature rises to 48ºC, but the minimum temperature drops to 115 

7ºC. Summer frequently experiences a multitude of wind and dust storms. The area 116 

experiences a mean yearly precipitation of 200 mm. The study used biochar obtained from 117 

Acacia bark, compost made from poultry litter, hybrid maize seeds Gohar-19, and NPK 118 

fertilizer. Biochar production involved heating the material to pyrolysis at a temperature of 119 

550 °C for 2 h. The physico-chemical characteristics of biochar have been examined after its 120 

manufacture and are presented in Table 1. The present study employs a field-scale 121 

experimental methodology, specifically utilizing an Randomized Block Design (RBD) 122 

comprising pattern two factors. The treatments examined in this study were determined using 123 

the optimal dose of biochar (10 t/ha-1), NPK-Repsol (313.81 kg/ha-1), and compost 124 

(20.14 t/ha-1) as determined from previous research findings (Rombel et al., 2022). The 125 

treatments that were examined included the dose of biochar and the type of fertilizers used.  126 

The first factor considered in the study was the dose of biochar (B), which was categorized 127 

into four levels: B0 (no biochar/control), B1 (5 t/ ha-1), B2 (10 t/ ha-1), and B3 (15 t/ ha-1). The 128 

second factor pertains to the type of fertilizer (F), which encompasses four different types: 129 

without fertilizer/control (F0), compost (F1), NPK (F2), and NPK + compost (F3).  The 130 

experimental procedure was replicated three times to achieve a total of 48 units. 131 

The variables examined in this study encompass soil conditions and maize plant 132 

characteristics.  The analyzed soil exhibits a range of variables, including soil water content, 133 

bulk density, soil texture, pH, porosity, C-organic content, total N content, K available 134 

content, available P content, CEC, Base Saturation, total microbial presence, and Soil Quality 135 

Rating (SQR). The detected variability in plants can be attributed to the dry seed grain water 136 

content of 15% per hectare, as well as the analysis of Incremental Benefit Cost Ratio (IBCR), 137 

and Relative Agronomic Effectiveness (RAE). An analysis of variance (ANOVA) was 138 

employed to ascertain the impact of the therapy on the assessed variables. The least 139 

significant difference (LSD) test, conducted at a level of significance of 5%, is employed to 140 
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assess the difference in the mean values of each variable. The optimal dose of application was 141 

determined using regression analysis. 142 

Table 1 Physicochemical characteristics of biochar 143 

Parameters  Attributes  

pH 9.13 ± 0.02 

Surface area (m2g− 1) 132.11 ± 2.49 

Electrical conductivity (dSm− 1) 4.12 ± 0.05 

Organic matter % 30.32 ± 1.02 

Nitrogen % 0.24 ± 0.02 

Phosphorus % 0.20 ± 0.02 

Potassium % 0.87 ± 0.02 

Calcium % 0.60 ± 0.02 

Moisture % 4.21 ± 0.02 

Ash % 24.21 ± 0.21 

 144 

3. Results and Discussion 145 

The findings from the statistical evaluation of soil physical characteristics indicate that 146 

there was no significant correlation between fertilizer type and biochar dose, as well as the 147 

application of the type of fertilizer. However, biochar dose was found to have a highly 148 

significant effect (P<0.01) on the water content, soil porosity, and bulk density. Table 1 149 

displays the mean water content, soil porosity, and bulk density after being treated with 150 

fertilizer and biochar, which may be related to the biochar properties such as particle size, 151 

active surface area, and porosity as well as properties of the soil. Further, the ability of 152 

biochar to form the soil aggregates in combination with soil particles leading to a decrease in 153 

bulk density could also play a role. This was confirmed in the research of An et al. (2023). 154 

The surface of biochar particles after oxidation may contain the hydroxyl and carboxyl 155 

groups that are able to associate with the mineral and other organic soil particles to form soil 156 

aggregates. Biochar supplied to the soil is a substrate for soil fauna. Its particles can be mixed 157 

with the soil particles in a digestive tract of the earthworms creating coprolites that are 158 

agronomically valuable soil aggregates (Zanutel et al., 2024). Due to its inert nature, biochar 159 

is often combined with other organic and mineral fertilizers to improve its effect in the soil 160 

(Younas et al., 2024). Fertilization-especially with nitrogen is a significant factor influencing 161 



 

7 
 

bulk density. Mineral nitrogen applied to the soil can act as an accelerator speeding up the 162 

mineralization of organic matter (Yang et al., 2019), which can result in an increase of bulk 163 

density values. However, application of biochar in combination with N fertilization has a 164 

positive effect on the incorporation of biochar-especially into larger aggregates (Ahmed et al., 165 

2024) which helps to improve the soil structure (Sobuz et al., 2024) and ultimately reduce the 166 

bulk density values as was also confirmed in the results obtained by Shao et al. (2024). Based 167 

on the soil texture measurements (Table 2) indicating the proportions of clay, silt, and sand in 168 

response to fertilizer and different doses of biochar, the soil texture was classified as sandy 169 

loam.  The treatment containing ten times as much biochar as ha-1 yielded the maximum 170 

water content (10.41%), which increased by 15% in comparison to the control treatment 171 

(9.20%). 172 

Table 2 Effects of biochar dosage and fertilizer type on the average water content, 173 

porosity, bulk density, clay, silt, and sand at treatment 174 

Treatment  Bulk 

density 

g.cm3 

Water 

content % 

Porosity % Clay%  Silt % Sand % 

Control 

(without 

biochar) 

0.97a 8.35b 64.01b 12.29a 23.01a 63.14a 

BC 5 t ha-1 0.94ab 9.01ab 64.9ab 10.88a 23.90a 64.71a 

BC 10 t ha-1 0.88b 9.81a 65.21ab 10.65a 23.90a 64.14a 

BC 15 t ha-1 0.86b 9.50a 66.31a 12.12a 22.31a 64.03a 

LSD 5% 0.05 0.83 0.05 - - - 

Without 

fertilizer  

0.93a 8.60a 65.14b 11.30a 25.10a 63.16b 

NPK 0.91a 9.40a 66.10a 12.14a 23.40ab 64.17b 

Compost 0.93a 9.20a 65.74a 12.03a 22.41b 65.74a 

NPK+ compost  0.92a 9.50a 65.78a 11.a 25.14a 65.14b 

LSD 5% - - - - 2.76 1.29 

 175 

The best bulk density was achieved at a biochar dose of 10 t ha-1, which corresponds to 0.88 g 176 

cm3. This value was reduced by 7.31% in comparison to the highest bulk density found 177 
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without biochar, which was 0.97 g cm3. The application of 10 to 15 t ha-1 biochar resulted in 178 

enhancements to several physical characteristics of the examined soil, including soil 179 

texture, bulk density, water content, and porosity (Table 2). As stated by Murtaza et al. 180 

(2024), the utilization of biochar has been found to decrease soil bulk density while 181 

simultaneously increasing water content and soil porosity.  One direct correlation exists 182 

between soil porosity and the utmost power savings that can be derived from soil water. The 183 

application of biochar resulted in a substantial increase in the water concentration in the field 184 

capacity (Murtaza et al., 2021). The bulk density achieved at the rate of biochar 10 t ha-1 185 

exhibited a reduction in comparison to the greatest bulk density observed in the absence of 186 

biochar (control).  The porosity of the soil reached its maximum at a biochar dose of 15 t ha-1, 187 

indicating an increase relative to control. The decrease in soil volume resulting from the soil 188 

aggregates formation is facilitated by the presence of aromatic ring compounds (C=C) and a 189 

high concentration of carboxylic groups (OH) in biochar (Hua et al., 2021). According to the 190 

study conducted by Mandal et al. (2020), the process of soil aggregate formation involves the 191 

incorporation of organo-mineral components into the biochar framework, which in turn 192 

generates an aromatic carboxylic acid group. According to Murtaza et al. (2023), the 193 

application of biochar has the potential to decrease the bulk density of various soil types. 194 

Organic Matter, pH, Total N, C/N, and C-organic 195 

The statistical evaluation revealed that there was no significant interaction between fertilizer 196 

type and dosage of biochar on pH, C/N, total N, C-organic, and organic matter.  The impact 197 

of biochar dosage on soil parameters such as pH, C/N, total N, C-organic, and organic 198 

matter was shown to be highly significant (P<0.01).  The application of fertilizer had a 199 

statistically significant impact (P<0.01) on organic matter, total N, and C-organic. However, 200 

the effect on pH and C/N was not statistically significant (P<0.05). The total N content 201 

reached a high value of 0.217% when the biochar dose was 15 t/ ha-1. The biochar dosage of 202 

5 t/ ha-1 resulted in the greatest pH value of 6.76, organic matter content of 6.89%, C-organic 203 

content of 4.01%, and C/N content of 23.40. These values are significantly different from the 204 

lowest yield observed control (Table 3). The rise of the soil pH could be attributed to the high 205 

pH of the biochar (7.5) as alkaline substances were released from the biochar into the acidic 206 

soil during the remediation process (Riyad et al., 2023). The increase of the soil pH during 207 

the liming process is attributed to the substitution of hydrogen and aluminum iron on the 208 

colloidal surface of the soil with the cation oxides, thereby decreasing the exchangeable 209 

acidity (H+ and Al3+) in the soil environment (Brekalo et al., 2023). However, the possibility 210 
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of biochar to increase the soil pH depends on the ash content, basic oxide cations and the 211 

absorbent nature of the biochar (Kaljunen et al., 2023). The lower soil pH obtained by the 212 

biochar and NPK addition compared to the biochar and manure addition plots was because of 213 

the acidic nature of the NPK, which could probably contribute to the less pH. Besides 214 

increasing the soil pH by the biochar in the biochar and manure addition plot, manure 215 

contributes to raising the soil pH through the complexation of its organic anion released into 216 

the soil exchange site (Anand and Kumar, 2022).  217 

Table 3 Values of pH, organic matter (OM), C-organic, total nitrogen (N), and C/N after 218 

application of fertilizer type and biochar dosage 219 

Treatment  pH Organic 

matter % 
C-organic % Total N %  C/N 

Control (without 

biochar) 

6.58c 6.30b 3.64b 0.17b 21.88a 

BC 5 t ha-1 6.76ab 6.89a 4.01a 0.17b 23.40a 

BC 10 t ha-1 6.69a 6.39b 3.69b 1.8b 21.21a 

BC 15 t ha-1 6.66bc 6.30b 3.64b 0.21a 18.39b 

LSD 5% 0.07 0.25 0.14 0.027 3.19 

Without 

fertilizer  

6.60a 6.02b 3.49b 0.16b 21.89a 

Compost 6.64a 6.64a 3.84a 0.17b 22.69a 

NPK 6.70a 6.57a 3.80a 0.20a 19.30a 

NPK+ compost  6.67a 6.63a 3.85a 0.207a 19.13a 

LSD 5% - 0.25 0.14 0.027 - 

 220 

The combined application of compost and NPK fertilizer results in the highest total 221 

Nitrogen soil value of 0.207%, which is significantly higher than the low yield of 0.166% 222 

observed in the treatment control (without fertilizer).  The addition of compost resulted in the 223 

highest levels of organic matter and C-organic, with values of 6.64% and 3.84% respectively. 224 

These values are significantly different from the lowest levels seen in the absence of fertilizer, 225 



 

10 
 

which was 6.02% and 3.49% respectively (Table 3). The high total nitrogen content in the 226 

manure could probably be attributed to manure functions to improve acidic soil, increase 227 

ECEC and supplement the soil with nutrients being released from their organic matter. The 228 

biochar and NPK addition recorded higher total nitrogen than the biochar and the manure 229 

addition (0.36%) since the 15-15-15 NPK fertilizer contains more nitrogen than the manure. 230 

The addition of the biochar to the NPK fertilizer and manure decreased the apparent 231 

ammonification and ammonium loss because of the temporary adsorption of NH4
+ onto the 232 

biochar surface (Zhong et al., 2024). Biochar can release a small amount of nitrogen add up 233 

to the total nitrogen pool, as reported by Islam et al. (2024).  234 

Available (P) and available (K) 235 

The statistical analysis findings indicate that there was a significant interaction (P<0.01) 236 

between the dose of biochar and the kind of fertilizer on the availability of phosphorus (P) 237 

and potassium (K). The application of biochar has a considerable impact (P<0.05) on the 238 

availability of phosphorus (P) and a highly significant impact (P<0.01) on the availability of 239 

potassium (K).  The application of fertilizer had a statistically significant impact (P<0.01) on 240 

the availability of phosphorus (P) and potassium (K).  Tables 3 and 4 display the mean P 241 

available and K available values for the interactions between biochar and different types of 242 

fertilizers. The highest content of available phosphorus (P) was observed in the interactions 243 

between biochar at a rate of 10 t ha-1 and compost, with a recorded value of 69.10 ppm. This 244 

value is significantly different from the lowest yield observed in the interactions between 245 

compost, control, and biochar, as well as the interactions between 10tha-1 without fertilizer, 246 

which resulted in P-available values of 38.20 ppm and 30.25 ppm, respectively (Table 4). The 247 

maximum K-available content observed in the interactions between biochar and NPK 248 

+ compost was 1250.31 ppm, which differed significantly from the lowest yield reported in 249 

Table 5. The biochar and NPK addition differ significantly as compared to biochar and 250 

manure addition. Biochar and NPK addition obtained available phosphorus of 9 % higher 251 

than the biochar and manure addition. The addition of biochar to the weathered soil increased 252 

soil pH, leading to the alteration of P complexation with Al3+ that occurs in highly weathered 253 

acidic soils, increasing soil P availability for plant uptake (Pandian al., 2024). The high 254 

available phosphorus in the combined biochar and NPK plots was because of the high 255 

phosphorus concentration in the inorganic NPK fertilizer (Mujtaba et al., 2021). Hence this 256 

could explain the higher available P in the combined biochar and NPK plot than the co-257 

applied biochar with manure. The phosphorus availability could also be attributed to the P 258 
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concentration in the biochar ash, manure and the inorganic fertilizer, which adds up to the 259 

soil phosphorus pool, as reported by Mood (2024). Particularly, it has been demonstrated that 260 

biochar enhances potassium availability through various mechanisms mainly based on the 261 

increased potassium retention capacity associated with a high porosity, surface area, and 262 

cation exchange capacity of the biochar, ultimately resulting in higher potassium absorbance 263 

by plants (Mujtaba et al., 2021). 264 

Table 4Average phosphorus availability in the interaction between biochar dosage and 265 

fertilizer type 266 

Treatment  Fertilizer Type 

Without fertilizer  Compost  NPK NPK + Compost  

Biochar dosage ---------------------------ppm------------------------------------------------- 

0 t ha-1 30.50a 40.59b 35.89b 50.41ab 

5 t ha-1 32.96a 43.54b 64.69a 37.13b 

10 t ha-1 25.68a 69.10a 39.0b 64.40a 

15 t ha-1 38.20a 41.64b 43.14b 42.12b 

LSD 5% 13.15 

 267 

Table 5 Average potassium availability obtained from the interaction between biochar 268 

dosage and fertilizer type 269 

Treatment  Fertilizer Type 

Without fertilizer  Compost  NPK NPK + Compost  

Biochar dosage ---------------------------ppm------------------------------------------------- 

0 t ha-1 445.12d 749.14b 329.24c 612.24d 

5 t ha-1 667.34c 998.17a 721.41b 927.12c 

10 t ha-1 978.32b 1020.14a 700.23b 1250.31a 

15 t ha-1 1032.14a 1051.19a 1027342a 1124.37b 

LSD 5% 57.12 

 270 
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Base Saturation and Cation Exchange Capacity 271 

The statistical evaluation revealed that there was no significant interaction (P≦0.05) between 272 

the biochar dose and fertilizer type about the base saturation and cation exchange capacity. 273 

The biochar dose had a significant impact (P<0.05) on both the base saturation and CEC. 274 

Additionally, fertilizer type had a significant influence (P<0.05) on both the base saturation 275 

and CEC, with the CEC having a very significant effect (P<0.01). Table 6 displays the mean 276 

values of base saturation and cation exchange capacity. Table 6 demonstrates that the 277 

application of biochar at a dose of 15 t ha-1 resulted in a significantly higher CEC of 19.20 278 

cmolc kg-1 compared to the lowest CEC of 15.89 cmolc kg-1 observed in the treatment control 279 

(without biochar). Similarly, the maximum base saturation achieved at a biochar dose of 10 t 280 

ha-1 was significantly different from the lowest biochar dose of 15 t ha-1, which was 35.78%. 281 

The increased CEC in the biochar amended soil was because of the slow oxidation of biochar 282 

to oxygenate the functional groups of biochar surface and enhance the formation of organo-283 

mineral (Quan et al., 2020). According to Pace (2018), biochar in the soil can have larger 284 

negative charges on their surface, attributed to the formation of the phenolic group by abiotic 285 

oxidation, contributing to the increase of the CEC in the soil environment. Therefore, biochar 286 

and manure addition differs significantly as compared with biochar and NPK addition. The 287 

combined biochar and manure plots obtained higher CEC (5.97 cmol/kg) more than the 288 

biochar and NPK addition (5.73 cmol/kg) because of the organic matter derived from the 289 

farmyard manure. The organic matter entails large numbers of charged functional groups, 290 

which contribute significantly to the increase of CEC (Kumar et al., 2018). Also, due to the 291 

high surface area of the biochar, it adsorbed the organic matter derived from the manure and 292 

the soil environment on its surface, causing the release of carboxylic and phenolic acid 293 

groups into the soil environment (Nkoh et al., 2021). At the same time, the biochar and NPK 294 

addition depend much on the biochar to increase the CEC (Jing et al., 2022)  295 

Table 6 Average capacity for cation exchange and the saturation of the base at different 296 

doses of biochar and types of fertilizers 297 

Treatment  CEC (cmolc kg-1) Base saturation (%) 

Biochar dose  

Without biochar 15.89b 42.79ab 

5 t ha-1 17.01b 45.47ab 

10 t ha-1 17.51ab 54.36a 
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15 t ha-1 19.20a 35.78b 

LSD 5% 2.10 12.69 

Fertilizer Type    

Without fertilizer  16.09b 31.74b 

Compost 19.11a 45.54a 

NPK 17.60ab 45.97a 

NPK+ compost  16.80b 55.78a 

LSD 5% 2.10 12.69 

 298 

Total Soil Microbial 299 

Changes in soil microbial communities may impact soil fertility and stability because 300 

microbial communities are key to soil functioning by supporting soil ecological quality and 301 

agricultural production (Purakayastha et al., 2023). The statistical evaluation of the total soil 302 

microbial population revealed that the interaction between biochar dose and type of 303 

fertilizer, and the biochar dose alone, had a highly significant effect (P<0.01). Additionally, 304 

the fertilizer type had a significant influence (P<0.05) on the total soil microbial population.  305 

Table 7 displays the average soil microbial population about the interactions between the 306 

biochar dose and different types of fertilizers. According to Table 6, the highest total 307 

microbial yield was observed when using a biochar dose of 15t ha-1 with a compost type of 308 

4.19 x 106 cfu ml-1. In contrast, the lowest yield was obtained when using without biochar 309 

15 t/ ha-1 and without fertilizer, with yields of 2.18 x106cfu ml-1 and 2.39x106cfu ml-1, 310 

respectively. The maximum microbial total of 3.69x106 cfu ml-1 was seen when a dose of 10 t 311 

ha-1 of biochar was combined with NPK + compost. The study found that the combination 312 

of the without and the without of fertilizer resulted in the lowest total microbial count, which 313 

was measured at 2.18x106 cfu ml-1. The addition of NPK fertilizer to the soil improves the 314 

microbial activity (Gryta et al., 2023) which in turn can intensify the mineralization of 315 

biochar in the soil leading to a subsequent increase in biochar’s active surface and cation 316 

exchange capacity (Rizwan et al., 2023), resulting in increased soil aggregation capacity and 317 

lower bulk density (Gusiatin and Rouhani, 2023). The pH and pyrolysis temperature of 318 

biochar also had significant effects on the soil microbial community. Kumar et al. (2024) 319 

found that the application of biochar increased the soil pH, resulting in a significant increase 320 

in the abundance of the bacterial community. Biochar sorption properties also increase soil 321 

porosity, its cation exchange capacity (CEC), and water-holding capacity (Tang et al., 2024). 322 
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Such changes in the soil matrix may affect soil microbial communities that are central for soil 323 

quality. The extreme abundance (up to 1 billion cells per gram of soil) and diversity (up to 1 324 

million species per gram of soil) of soil microbial communities indeed make them pivotal for 325 

functions of interest supporting the soil ecological quality and agricultural production: 326 

organic matter mineralization, soil structure, pesticide degradation, or competitive exclusion 327 

of pathogenic species (Mubeen et al., 2023). Changes in soil microbial communities may 328 

affect these processes. 329 

Table 7 Average soil microbial count in the presence of biochar when mixed with different 330 

types of fertilizers 331 

Treatment  Fertilizer Type 

 Without 

fertilizer  

Compost  NPK NPK + Compost  

Biochar dosage ---------------------------106 x cfu ml-1------------------------------------------------- 

0 t ha-1 2.18c 2.29c 3.19b 3.62a 

5 t ha-1 3.28b 3.49b 3.88a 3.39ab 

10 t ha-1 3.99a 3.61b 3.48ab 3.69a 

15 t ha-1 2.39c 4.19a 2.87b 2.86b 

LSD 5% 0.69 

 332 

Impact of Acacia-derived Biochar dose and type of Fertilizer on Soil Health 333 

Biochar can improve soil fertility by inducing changes in soil chemical and physical 334 

properties. The alkaline pH of biochar, the presence of carbonates and negatively charged 335 

phenolic, carboxyl and hydroxyl groups on its surface can increase the soil pH, while soil 336 

acidity is associated to low fertility (Mandal et al., 2024). The present study used the soil 337 

quality rating (SQR) as a means of assessing the state of the soil. The SQR is determined by 338 

calculating the cumulative weight of soil indicators of quality, which have been chosen as the 339 

minimum set of data (Mueller et al., 2013). Table 8 displays the SQR assessment findings for 340 

each treatment dose combination involving the type of fertilizer (BF) and biochar on soil. 341 

Table 8 indicates that the SQR values varied from 18 to 23. The biochar dose of 10 t ha-1 342 

with NPK + compost (B2F3) resulted in the lowest value of SQR 18, indicating a high level of 343 

sustainability. On the other hand, the treatment fertilizer (B0F0) and without biochar and the 344 
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addition with biochar dose of 10 t ha-1 and no fertilizer (B2F0) yielded the highest SQR 23, 345 

indicating a good sustainability level. According to the data presented in Table 7, it can be 346 

observed that the treatment fertilizer and control (B0F0, B1F0, B2F0, and B3F0) yields the 347 

highest soil quality rating. However, when biochar is mixed with different kinds of compost 348 

(F1), NPK (F2), and NPK and compost (F3), the soil quality rating value gradually declines. 349 

The low rating of soil quality in the mixture of biochar 10 t ha-1 combined with NPK 350 

+ compost (B2F3) is attributed to the enhancement of soil characteristics resulting from the 351 

application of B2F3, which ensures a balanced supply of essential nutrients for maize plants. 352 

Table 8 Impact of combining biochar dosage with fertilizer type (BF) on soil quality rating 353 

(SQR) 354 

Soil quality indicators 

Treatment Water 

content 

Soil 

texture 

Bulk 

density 

Soil 

porosity 

pH C cation 

exchange 

capacity 

NPK Base 

saturation 
Total 

microbial 

SQR 

B0F0 4 3 1 1 1 2 4 2 4 1 23 

B0F1 3 3 1 1 1 2 3 2 4 1 21 

B0F2 3 3 1 1 1 2 3 2 3 1 20 

B0F3 3 3 1 1 1 2 4 2 2 1 20 

B1F0 3 3 1 1 1 2 4 2 3 1 21 

B1F1 3 3 1 1 1 2 3 2 3 1 20 

B1F2 3 3 1 1 1 2 3 2 3 1 20 

B1F3 3 3 1 1 1 2 4 2 2 1 20 

B2F0 3 3 1 1 1 2 4 2 4 1 23 

B2F1 3 3 1 1 1 2 3 2 2 1 19 

B2F2 3 3 1 1 1 2 3 2 1 1 20 

B2F3 3 3 1 1 1 2 3 2 4 1 18 

B3F0 3 3 1 1 1 2 4 2 3 1 22 

B3F1 3 3 1 1 1 2 3 2 3 1 20 

B3F2 3 3 1 1 1 2 3 2 3 1 20 

B3F3 3 3 1 1 1 2 3 2 4 1 21 

Note:  B0  (without  biochar),  B1  (5 t  ha-1), B2  (10  t  ha-1), B3  (15  t  ha-1), F0  (without  fertilizer),  F1  (compost),  F2  (NPK),    F3  355 
(compost + NPK), Soil Quality Rating (SQR): < 20 = very good, 20- 25 = good, 25-30 = moderate, 30-40 = bad, >40 = very bad 356 

The measurement findings obtained from the application of soil quality rating single-dose 357 

biochar treatment (B) and fertilizers treatment (F) on the soil are displayed in Table 9. The 358 

findings indicated that the biochar soil quality index varied between doses of 19 to 21.  The 359 

soil quality is great, with a minimum value of 19 soil quality rating biochar attained at a dose 360 
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of 10 t ha-1 (B2), and a higher value of soil quality rating of 21 at both the biochar dose of 15 t 361 

ha-1 (B3) and the control (B0). Evaluating the soil quality in relation to the application of 362 

various kinds of fertilizer, using a scale ranging from 20 to 22 quality rating of soil.  The soil 363 

quality rating level was as low as 20 for the compost (F1), the type of NPK fertilizer (F2), and 364 

the NPK + compost (F3), all of which were in good condition. The maximum soil quality 365 

rating value of 22 was observed for the compost with no fertilizer (F0). Assess the condition 366 

of the soil before the research. A value of SQR 26 indicated a moderate quality, indicating 367 

that substantial inputs are required for land use. However, following the experimentation with 368 

different dosages of biochar and fertilizer, this rating dropped to SQR 18 and 19, signifying 369 

an excellent quality. 370 

Table 9 Impact of biochar dose and fertilizer type on soil quality rating (SQR) 371 

Soil quality indicators 

Treatment Water 

content 

Soil 

texture 

Bulk 

density 

Soil 

porosity 

pH C cation 

exchange 

capacity 

NPK Base 

saturation 
Total 

microbial 

SQR 

Biochar dosage 

0 t ha-1 3 3 1 1 1 2 4 2 3 1 21 

5 t ha-1 3 3 1 1 1 2 3 2 3 1 20 

10 t ha-1 3 3 1 1 1 2 3 2 2 1 19 

15 t ha-1 3 3 1 1 1 2 3 2 4 1 21 

Fertilizer Type 

Without 

fertilizer 

3 3 1 1 1 2 4 2 4 1 22 

Compost  3 3 1 1 1 2 3 2 3 1 20 

NPK 3 3 1 1 1 2 3 2 3 1 20 

NPK + 

compost 

3 3 1 1 1 2 4 2 2 1 20 

 372 

Impact of varying fertilizer type and biochar dose on the dry weight of seed maize per 373 

hectare, with a water content of 15% 374 

The maximum dry weight of seed-maize per hectare, with a water level of 15% t ha-1, was 375 

12.79 tons when using a biochar dose of 10 t ha-1 in combination with NPK + compost. This 376 

was significantly different from the dry seed weight of 8.59 tons achieved when using a 377 
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biochar dose of 15 t ha-1 in combination with NPK + compost, with a water level of 15% t ha-378 

1 (Table 10). According to the data shown in Table 9, it can be observed that the dry weight 379 

of seed-maize t ha-1, with a water content of 15%, varied between 5.80 and 12.79 tons.   The 380 

application with a biochar rate of 10 t ha-1 in combination with NPK + compost resulted in a 381 

maximum yield of 12.79 tons. Conversely, the treatment of fertilizer and without biochar 382 

yielded the lowest dry-weight seed-maize t ha-1, with a water level of 15%, yielding 5.79 383 

tons. When different dose levels of biochar were applied to the same kind of fertilizer, it was 384 

seen that the best yield was achieved when the biochar dose of 10 t ha-1 was combined with 385 

NPK + compost. This interaction was found to be statistically different from the other 386 

treatments.   The application of biochar at a dose of 10 t ha-1, combined with NPK + compost, 387 

resulted in a significant 40% rise in the dry weight of seed-maize t ha-1. The highest dry 388 

weight of 12.79 tons was achieved, compared to the 9.27 tons obtained when biochar was not 389 

used in combination with NPK + compost. The application of biochar at several doses on 390 

different types of fertilizers resulted in the highest yield. Specifically, the interaction between 391 

biochar dose of 10 t ha-1 and NPK + compost exhibited a substantially different outcome 392 

compared to the other treatments. The application of biochar at a dosage of 10 tons per 393 

hectare, in combination with NPK + compost, resulted in a high dry weight of seed-maize per 394 

hectare with a water content of 15%. This yield was 12.79 tons, representing a significant 395 

increase of 48.31% compared to the lowest dry weight observed when using a biochar dosage 396 

of 10 tons per hectare with or without fertilizer, which was 8.59 tons. 397 

Table 10 The combination of biochar dosage and fertilizer type resulted in an average dry 398 

weight seed-corn water content of 15% per hectare  399 

Treatment  Fertilizer Type 

Without fertilizer  Compost  NPK NPK + compost 

Without biochar 5.80c 7.73b 8.50b 9.27bc 

5 t ha-1 7.11bc 8.10bc 9.60ab 10.22b 

10 t ha-1 8.59a 9.60a 10.30a 12.79a 

15 t ha-1 8.19ab 9.18ab 9.18ab 8.59c 

LSD 5% 1.50 

* The presence of a number followed by the same little letter in the vertical direction, with capitalization equivalent to the horizontal way, 400 
does not exhibit a statistically significant difference at a significance level of 5%. 401 
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The formulation of 10 t ha-1 biochar with NPK + compost resulted in a significant increase in 402 

soil characteristics on dry land. Specifically, the available P increased from 30.50% to 403 

64.40%, the available K increased from 445.12 ppm to 1250.31 ppm, and the total microbial 404 

population increased from 2.18x106cfu ml-1 to 3.69 x 106 cfu ml-1. The maximum yield on 405 

B2F3 is usually justified by the enhancement of soil characteristics when using 10 t ha-1 of 406 

biochar. The dose of biochar with 10 t ha-1 has been found to enhance soil aggregation by 407 

transforming micro-aggregates into larger aggregates. This process leads to a reduction in soil 408 

bulk density and enhancement of soil porosity, which in turn improves the soil's capacity to 409 

retain nutrients and water, as well as the total soil microbes. The condition under 410 

consideration is distinguished by a decrease in the bulk density of the soil from 0.97 g cm-3 to 411 

0.86 g cm-3, an increase in soil porosity from 64.01% to 66.31%, a rise in soil water content 412 

from 8.35% to 9.81%, an increase in soil pH from 6.58 to 6.76, a decrease in total  N from 413 

0.17% to 0.21%, a decrease in C-organic from 3.64% to 4.01%, a decrease in CEC from 414 

15.89 to 19.20 cmolckg-1, and a decrease in base saturation from 42.79% to 55.78%. The high 415 

yield seen in B2F3 can be attributed to its surface form, which exhibits a distribution of 416 

micropores and a more favourable mix of constituent elements. The enhancement of soil 417 

qualities concerning the augmentation of maize crop yields is commonly observed in the 418 

evaluation of soil quality. The application of biochar at a dose of 10 t ha-1 in combination 419 

with NPK + compost resulted in a good soil quality status, as seen in Table 8. The 420 

utilization of Acacia-biochar has been found to enhance various soil qualities, including 421 

aggregation, CEC, pH, and soil water holding capacity. Additionally, it has been observed to 422 

promote an increase in soil population and microbial activity (Li et al., 2024). Biochar plays a 423 

crucial role in enhancing the soil's capacity to sequester carbon, enhance soil fertility, 424 

stabilize soil, and promote crop growth and production by supplying and retaining 425 

soil nutrients (Lusizi et al., 2024). The utilization of biochar exhibits significant promise in 426 

enhancing the fertility of the soil and facilitating the growth of plants.   Biochar has the 427 

potential to serve as an innovative and viable fertilizer directly. The reasons for this 428 

phenomenon extend beyond the fertility of biochar, including its economic 429 

and environmental advantages (Chen et al., 2023). 430 

Exploration of IBCR and RAE   431 

Table 11 displays the findings of the Relative Agronomic Effectiveness (RAE) evaluation, 432 

which aims to assess the agronomic efficacy of biochar when combined with different 433 

fertilizers. Additionally, the results of the Incremental Benefit Cost Ratio (IBCR) evaluation, 434 
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which evaluates the economic benefits in terms of maize yield in dryland conditions, are also 435 

presented. The addition of biochar 10 t ha-1 with NPK + compost resulted in a maximum 436 

yield of 12.80 tonnes. This combination had a high RAE value of 120.31% and an IBCR of 437 

1.28, making it highly efficient, practical, and favourable for maize plants in dry land.  In 438 

contrast, the biochar application of 15 t ha-1 combined with NPK and compost resulted in the 439 

lowest RAE value of 12.71% and an IBCR value of 0.45. These values were deemed 440 

inefficient and unsuitable for cultivating maize plants in dryland conditions, as indicated in 441 

Table 11.  442 

Table 11 Findings from the study of hybrid corn cultivation 443 

Treatment  Dry weight of maize-

seed   WC 15% (t 

ha-1) 

Cost (Rp) Acceptance 

(Rp) 

RAE (%) IBCR 

B0F0 5.70 4,275,000 17,194,108 - - 

B0F1 7.69 14,385,000 23,090,808 - 0.59 

B0F2 8.50 5,747,839 25,484,912 - 5.64 

B0F3 9.30 15,857,839 27,792,494 - 0.93 

B1F0 7.21 6,905,000 21,220,004 - 1.54 

B1F1 8.10 17,015,000 24,214,056 51.77 0.56 

B1F2 9.60 8,377,839 28,766,193 92.03 2.92 

B1F3 10.12 18,487,839 30,687,440 90.34 0.96 

B2F0 8.59 9,535,000 25,836,980 - 1.65 

B2F1 9.60 19,645,000 28,773,659 50.81 0.76 

B2F2 10.29 11,007,839 30,826,800 61.21 2.03 

B2F3 12.80 21,117,839 38,522, 248 120.31 1.28 

B3F0 8.19 12,165,000 24,609,344 - 0.95 

B3F1 9.21 22,275,000 27,518,059 50.64 0.58 

B3F2 9.20 13,637,839 27,491,262 35.54 1.11 

B3F3 8.58 23,747,839 25,814,896 12.71 0.45 

 444 

The Relative Agronomic Effectiveness (RAE) of Acacia-biochar combined with different 445 

types of fertilizers exhibited a range of 12.71% to 120.31%, as seen in Table 11.  The 446 

application of a biochar dose of 10 t ha-1 and NPK + compost resulted in the greatest RAE 447 

rating of 120.31%. On the other hand, the biochar application at the dose of 15 t ha-1 and 448 

fertilizers NPK + compost had the lowest RAE level of 12.71%. The treatment that involves 449 
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an association of B2F3 is shown to be highly efficient (RAE 120.31%) and profitable (IBCR 450 

1.28), resulting in a significantly higher maize plant yield than other treatments. The 451 

profitability of growing maize in dryland farming is found to be higher when chemical 452 

fertilizers, specifically NPK, are utilized compared to compost and biochar, as seen in Table 453 

10.  Table 10 provides insights into the viability and profitability of different biochar dosages, 454 

ranging from 5 to 10 t ha-1 when treated without fertilizer and supplemented with varying 455 

dosages of NPK and biochar. Biochar dose with an IBCR value greater than 1 are considered 456 

viable and profitable. Conversely, combinations of compost with biochar or NPK 457 

with compost, with an IBCR value less than 1, are classified as unsuitable, unless the B2F3 is 458 

considered. 459 

The application of biochar at a rate of 10 t ha-1, in combination with NPK and compost, 460 

results in an IBCR scale of 1.28. This formulation is considered to be a feasible and 461 

financially advantageous approach for enhancing the yield of maize crops.  The low value of 462 

IBCR on compost is attributed to the substantial expenditures associated with its procurement, 463 

which have a negligible impact on the initial maize production. The utilization of biochar and 464 

compost has the potential to significantly impact soil fertility, particularly in cases of low 465 

fertility. Additionally, the inclusion of compost in the biochar-compost mixture may lead to 466 

an increase in deficiencies in nutrients within the soil, hence impacting the direct economic 467 

value of the crop. In contrast, the utilization of biochar showed efficacy in medium-468 

fertility soils for water and nutrient storage, plant production, and sequestration of carbon. 469 

Long-term field studies using biochar to absorb carbon dioxide from the atmosphere; the 470 

function of microbes in oxidizing the surface of the biochar and releasing nutrients; the 471 

characteristics of the carbon surface of the soil environment; the ratio of biochar nutrition to 472 

compost-biochar; and the biochar rate and type of applications.  Future study lines should 473 

consider evaluating compost and biochar made from the same raw materials, as long- 474 

and short-term long-term assessments of biochar should be complementary to one another. 475 

4. Conclusion  476 

The addition of 10 t ha-1 of Acacia biochar, 20 t ha-1 of compost, and 313 kg ha-1 of NPK can 477 

raise the K and P availability, increase the total amount of soil microbes, enhance the 478 

micropores distribution, and improve the soil quality to very good with a value of SQR 18. 479 

The application of Acacia biochar at a dose of 10 t ha-1, when combined with NPK 480 

and compost, resulted in the maximum yield of 12.80 tonnes of dry weight seed maize per 481 
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hectare. This yield was observed to increase by 40% compared to the scenario where biochar 482 

was not used in conjunction with compost and NPK.  The combination of biochar 10 t ha-1 483 

with NPK + compost resulted in a maximum yield of 12.80 tonnes. This combination had a 484 

high RAE value of 120.31% and an IBCR of 1.28, making it very effective, practical, and 485 

favourable for corn crops in dryland. 486 
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