Iranian Journal of Soil and Water Research ISNN: 2423-7

Homepage: http:/ijswr.ut.ac.ir

Effects of modified biochars on some biological and chemical properties of

Pardis Khaji'

| Abdolamir Moezzi 2*

calcareous soil

| Naeimeh Enayatizamir"' | Neda Moradi*

Akbar Karimi®

1. Department of Soil Science, Faculty of Agriculture, Shahid Chamran University of Ahvaz, Ahvaz, Iran. E-mail:

pardism.khaji@gmail.com

2. Corresponding Author, Department of Soil Science, Faculty of Agriculture, Shahid Chamran University of Ahvaz,

Ahvaz, Iran. E-mail: moezzil51@scu.ac.ir

3. Department of Soil Science, Faculty of Agriculture, Shahid Chamran University of Ahvaz, Ahvaz, Iran. E-mail:

n.enayatzamir@scu.ac.ir

4. Department of Soil Science, Faculty of Agriculture, Shahid Chamran University of Ahvaz, Ahvaz, Iran. E-mail:

n.moradi@scu.ac.ir

5. Department of Agronomy, Khuzestan Sugarcane Research and Training Institute, Ahvaz, Iran. E-mail:

akbar.karimi84@yahoo.com

833

Article Info

ABSTRACT

Avrticle type: Research Article

Article history:

Received: Nov. 1, 2024
Revised: Dec. 12, 2024
Accepted: Dec. 14, 2024
Published online: April. 2025

Keywords:

Acid Modified Biochar,
Available Phosphorus,

Metal Salt-Modified Biochars,
Microbial Activity,

Organic Matter.

In calcareous soils of arid and semi-arid regions, low organic matter, high calcium carbonate
content, and high pH reduce microbial activity and decrease the availability of nutrients,
especially phosphorus, which in turn limits plant growth. This research aimed to investigate
the effects of biochar derived from green sugarcane residues and biochars modified with
FeCl2, ZnCl2, citric acid, and oxalic acid on some chemical and biological properties of a
calcareous soil. The experiment was conducted in a completely randomized design with six
treatments, including: 1- Control (C) (without biochar), 2- Unmodified biochar (B), 3- Biochar
modified with citric acid (CAB), 4- Biochar modified with oxalic acid (OXB), 5- Biochar
modified with ZnCI2 (ZnB), and 6- Biochar modified with FeCI2 (FeB), with three
replications. The biochar was prepared at 350°C and, after chemical modification, mixed with
300 grams of soil at a rate of 1%. The samples were maintained at a constant temperature
(25£2°C) for three months. At the end of the experiment, some chemical and biological
properties of the soil were measured. The results showed that the application of biochars led
to a decrease in soil pH (0.03-0.66 units), an increase in electrical conductivity (0.13-0.57
units), cation exchange capacity (17.0-43.9%), total organic carbon (2.21-2.29-fold), available
phosphorus concentration (52.1-96.2%), soil microbial respiration (42.9-69.3%), and soil
microbial biomass carbon (54.2-93.7%). Among these, the biochar treatment modified with
citric acid had the most positive impact on the examined properties. Overall, biochar derived
from green sugarcane residues and modified with citric acid could be effective in the soil
organic matter, phosphorus availability, and soil biological properties under the studied soil
conditions.
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EXTENDED ABSTRACT

Introduction

The limited availability of nutrients, particularly phosphorus, is a significant factor hindering plant growth
in calcareous soils. Research indicates that the incorporation of organic amendments can influence phosphorus
chemistry in the soil through various mechanisms, thereby enhancing phosphorus availability for plants.
Biochar, a carbon-rich solid produced through the pyrolysis of biomass in low-oxygen conditions, has been
proposed as a means to improve soil fertility and boost crop yields. The modification of biochar with organic
acids can enhance its physical and chemical properties, including specific surface area, pore size, cation
exchange capacity, and functional group composition. Additionally, the application of metal salts can further
enhance these characteristics. Efficient management of agricultural waste, such as dried leaves and stalks from
harvested green sugarcane, is essential. Converting these residues into biochar via pyrolysis presents a viable
solution for their management. This research investigated the effect of green sugarcane residue biochars
modified with FeCl,, ZnCl,, citric acid, and oxalic acid on improving the chemical and biological properties
of soil.

Materials and Methods

Soil samples were collected from the surface layer (0-30 cm) of the Da'abal Khoza'i sugarcane industry.
The incubation experiment utilized a completely randomized design with six treatments: 1) control (C) (no
biochar), 2) unmodified biochar (B), 3) biochar modified with citric acid (CAB), 4) biochar modified with
oxalic acid (OXB), 5) biochar modified with ZnCl, (ZnB), and 6) biochar modified with FeCl, (FeB), each
replicated three times. The biochar samples were mixed with 300 grams of soil at a concentration of 1% w/w
and maintained at a consistent temperature of 25+2 degrees Celsius for three months. Following the incubation
period, the soil samples were air-dried, and various chemical and biological characteristics of the soil were
assessed.

Results

The analysis of biochar demonstrated a decrease in pH of modified biochars compared to the unmodified
ones. Specifically, biochar treated with citric and oxalic acids showed a reduction in pH by 2.78 and 2.26 units,
respectively. Modifications using ZnCl, and FeCl; resulted in smaller pH decreases of 0.14 and 0.09 units,
respectively, compared to the unmodified biochar. The most significant improvement in cation exchange
capacity compared to the unmodified biochar was observed in biochar treated with citric acid (96.24 cmol kg
1). Moreover, the phosphorus content in the modified biochars was higher than in the unmodified sample, with
citric acid-modified biochar exhibiting the greatest increase, reaching 0.78. After chemical and organic acid
treatments, the biochars showed reductions in ash content, carbon percentage, and C/N ratio, while hydrogen,
oxygen, and the hydrogen-to-carbon (H/C) and oxygen-to-carbon (O/C) ratios increased. Incubation
experiments revealed that biochar application reduced soil pH (by 0.03-0.66 units), enhanced electrical
conductivity (by 0.13-0.57 units), increased cation exchange capacity (by 17.0-43.9%), total organic carbon
(by 2.21-2.29-fold), raised available phosphorus concentration (by 52.1-96.2%), promoted soil microbial
respiration (by 42.9-69.3%), and increased microbial biomass carbon (by 54.2-93.7%).

Conclusion

In summary, biochar produced from green sugarcane residue and modified with citric acid can
significantly enhance soil organic matter, nutrient availability, and biological characteristics in calcareous soils
of arid and semi-arid regions.
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