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Introduction

Most of the soils of arid and semi-arid regions of Iran have less than 1% of organic matter, which
causes a decrease in the quality of some physical characteristics of the soil, including a decrease in the
stability of soil grains, destruction of the soil structure, and a decrease in saturated hydraulic
conductivity (Gholami J, Emami, H., 2021). This has caused excessive use of chemical fertilizers,
especially nitrogen fertilizers, and non-use of organic fertilizers in recent years (Diacono and
Montemurro, 2011). One solution to increase the amount of organic matter in agricultural soils is the
use of organic fertilizers. Every year, a large amount of plant residues are produced in the country,
and farmers are often concerned about how to manage them (Amiri and Alinia, 2010). Another useful
way to use plant residues is to convert them into biochar. Biochar is a type of charcoal prepared from
plant biomass and agricultural waste, which are burned in the presence of low amounts of oxygen or
its absence (Masto et al., 2013).Research has shown that the mineralization process of biochar takes
place slowly due to its high stability (Salmani et al., 2014). In a research, the effect of adding biochar
and a superabsorbent (independently of each other) on some physical properties of two types of sandy
loam soil and clay loam soil was investigated. The results showed that the use of superabsorbent and
biochar in the studied soils had the greatest effect on Ks and 6pwp (Zare Abyaneh, H., et al, 2022).
The production of biochar from the spent mushroom substrate stabilizes and preserves the nutrients
of the spent mushroom substrate, and by increasing the pore volume of biochar compared to the
mushroom substrate, it increases the water retention capacity and also reduces the pollution of
underground water resources (Lou et al. 2017). The review of various studies has shown that factors
such as the raw material of biochar, the temperature of biochar processing, as well as soil
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characteristics, plant type and irrigation type are directly related to biochar performance (Shi et al.,
2020).Therefore, this research was conducted with the aim of investigating the use of biochar
produced from spent mushroom bed in the soil and its effect on the concentration of some elements,
acidity and electrical conductivity in the effluent of lettuce cultivation.

Methodology

This study was carried out as a completely randomized design with six replications, with the aim
of investigating the effect of different levels of biochar of mushroom litter on some chemical
properties of the wastewater. In this research, biochar produced from the remains of the mushroom
bed prepared at 300 degrees Celsius without the presence of oxygen was used. The cultivated plant,
lettuce with the scientific name Lactuca Sativa is an annual plant from the chicory family and is
cultivated as a vegetable. It is found that it is mainly consumed raw. Lettuce cultivation was carried
out in pots with a height of 22 cm and a diameter of 21 cm. The mass of soil required to fill the pots
was determined based on the apparent specific gravity of the field soil and the volume of the pot.So
that 11 kg of soil with loam-sand texture was poured into each pot. The amount of biochar for zero
(control), 10, 15, and 20 grams of biochar per kilogram of soil was calculated and uniformly mixed
with the soil. These treatments were shown as B1, B2, B3, and B4, respectively.

Results and discussion

Based on the measured amounts of sand, clay and silt particles, this soil has a sandy-loamy texture
is The amount of organic matter in the soil is less than one percent, which indicates the poverty of
organic matter in this soil is According to the results of Table (1), treatments B2, B3, and B4
respectively increased the acidity by 0.4, 0.66, and 0.93% compared to the control. One of the reasons
for increasing the acidity of water is the inherent properties of biochar. During the process of biochar
production, oxygen and hydrogen are removed and basic elements remain in the structure of the
biochar material (Sigua et al., 2015).In addition, the lowest amount of electrical conductivity of water
was measured in B4 treatment with 1.92 decisiemens barmeter and the highest in B1 treatment with
2.33 decisiemens barmeter. With the increase in the concentration of elements in the soil solution due
to the presence of biochar, the concentration of elements in the drainage decreased, which seems to
have caused a decrease in the electrical conductivity of the drainage. The highest amount of nitrate
was measured in the effluent from treatment B1. The main factor in maintaining anions such as nitrate
can be considered the effect of biochar interaction with soil organic matter, and in the case of nitrate,
the effects of biochar on the biological cycle of soil nitrogen. Also, the use of sugarcane bagasse
biochar with an amount of 10 grams per kilogram of soil caused the greatest reduction of nitrate
concentration in the washed water (Divband Hafshejani et al, 2017). Based on the results of comparing
the averages, the greatest effect in reducing calcium leaching was obtained in B4 treatment.Studies
show that biochar has the potential to reduce nutrient loss and improve water quality through its
absorption properties (Libutti et al., 2019). In addition, according to the average comparison table. B4
treatment has the greatest effect on reducing sodium waste in the soil. At the end of the results of table
number 1, it was shown that in treatments B2, B3, and B4, there was a decrease of 6.3, 16.6, and 19.2
percent in potassium leaching, respectively.

Table 1- The means comparison of different biochar treatments on some chemical characteristics of
Drainage water

Treatment K (mg/lit)y  Na(mg/lit)  Ca (mg/lit) (n’\]'g?fi't) EC (ds/m) pH
B 31.86° 15856 ¢ 173152 315.58 ¢ 233¢ 7550
B, 29.84 b 147.92° 148.65 1 230.36 2204 7.58¢

B; 26.59 ¢ 137.27 ¢ 132.95¢ 194.11¢ 2.07b 7.60°P
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B, 25.74 ¢ 131.95 ¢ 123.48 ¢ 180.03¢ 1.92¢ 7.62¢2

Numbers with dissimilar letters in a column show a significant difference at the 1% level in the Duncan test.
Conclusion

The results of this research showed that the use of this type of biochar can have a positive effect
on maintaining nutrients in the soil and prevent them from entering the drainage.The application of
mushroom bed biochar at the rate of 20 grams per kilogram of soil (equivalent to two percent) caused
a 43 percent reduction in nitrogen loss, 28.7 percent calcium, 19.2 percent potassium, and 16.8 percent
sodium. Increasing this amount of biochar to the soil increased the electrical conductivity of the
drainage by 36.84% and increased its acidity by 13.47%.
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Table 1- Soil physical and chemical characteristics

Parameter Value Parameter Value
Clay (%) 9 pb (g/cm3) 1.43

Silt (%) 34 n (%) 46
Sand (%) 57 N (%) 0.05
Soil Texture Loamy sand Na (mg/kg) 16.2
ECe (dS/m) 2.8 Ca (mg/ kg) 182.8
pH (no units) 7.60 K (mg/ kg) 63.3
Organic Matter(/) 0.73 CEC (cmol/kg) 7.23
FC (%) 19 AEC (cmol/kg) 1.42

PWP (%) 8

GO s ol (Sb sl g Dleogas (Fp -V 9o
Table 2- Biochar physical and chemical characteristics

Parameter AEC CEC P

S H C N EC pH

Unit (cmol/kg)

(cmol/kg)  (mg/kg)

(%) (%) (%) (%) (%) (dS/m) -

Value 9.41 13.73 0.61

114 074 17 285 21 6.91 7.7
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Table 3- Analysis of Variance of the effect of different biochar treatments on some chemical
characteristics of Drainage water

Mean of Squares

References Df
Ca Na
Treatment 3 2827.02 ** 835.67 **
Error 20 4.435 4,181
Total 23

K NOs EC pH

48.64 ** 22219 ** 0.187 ** 0.005 **

1.267 56.759 0.015 0.000

Significant at 1%: ** Significant at 5%: *

Not significant: ns
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Table 4- The means comparison of different biochar treatments on some chemical characteristics of
Drainage water

Treatment K (mg/lit) Na (mg/lit) Ca (mg/lit) NO3 (mg/lit) EC (ds/m) pH
Bl 31.86% 158.56 2 173.152 315.58 @ 2.33% 7.55¢
B2 29.84° 147.92° 148.65 " 230.36" 2.20 b 7.58¢
B3 26.59°¢ 137.27° 132.95°¢ 194.11° 2.07° 7.60°
B4 25.74°¢ 131.95¢ 123.48 ¢ 180.03¢ 192¢ 7.62 2

Numbers with dissimilar letters in a column show a significant difference at the 1% level in the Duncan test.
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