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ABSTRACT

The physical, chemical, and biological properties of soils are influenced by industrial effluents, which
provide serious concerns to soil health. The present study investigate into the effect of lime and biochar
amendments to increase soil fertility and lower pollution levels in areas that have been contaminated by municipal
& industrial effluents. A pot culture experiment was conducted in a greenhouse using a completely randomized
design (CRD) with three replications for each treatment. Treatments applied with varying levels of biochar
(1.25tha!, 5 tha', 7.5 tha), and lime (1.25 tha', 2.5 tha!, 5 tha') including with and without 100% RDF.
Amaranthus and fodder sorghum were grown as test crops. Soil samples were analyzed for pH, electrical
conductivity (EC), nutrient content, and heavy metal concentrations, in addition, plant growth parameters, dry
matter yield (DMY), and nutrient uptake were also assessed. Results indicated that both biochar and lime
significantly enhanced the soil quality by increasing pH and nutrient availability by reducing heavy metal
bioavailability. Biochar and lime treatments led to higher nutrient uptake (N, P, K) by amaranthus and fodder
sorghum, contributing to improved plant growth and dry matter yield. The study highlights the benefits of
biochar and lime in improving soil fertility and reducing heavy metal uptake by plants, demonstrating their
potential as sustainable soil remediation strategies. These findings suggest that biochar and lime amendments
can effectively restore the productivity of soils polluted with municipal and industrial effluents, for sustaining the

agricultural production of contaminated soils.
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The rapid industrialization and urbanization in
and around Guntur city has led to substantial effluent
discharge on daily basis and resulted in significant soil
contamination. These effluent-affected soils are
marked by altered physico-chemical properties,
including shifts in pH, electrical conductivity (EC),
and the accumulation of toxic heavy metals. Such
changes severely impact soil fertility, crop yield, and
overall soil and human health, presenting a challenge
for sustainable agriculture. Conventional remediation
methods are often costly and environmentally
unsustainable, underscoring the need for effective and
eco-friendly soil restoration strategies.

Biochar, a carbon-rich substance produced
through the pyrolysis of biomass, has emerged as a
promising soil amendment for remediation. It enhances
soil structure, boosts nutrient retention, increases
water-holding capacity, and immobilizes pollutants.
The porous nature of biochar creates a habitat for

beneficial microorganisms, which are vital for nutrient
cycling and improving soil health. Additionally, its high
cation exchange capacity (CEC) aids in nutrient
retention, making essential nutrients more available to
plants. Lime, widely used to correct soil acidity, also
improves soil structure and fosters beneficial microbial
activity. Byraising soil pH, lime decreases the solubility
and mobility of heavy metals, reducing their
bioavailability and toxicity. This liming effect not only
mitigates heavy metal contamination but also enhances
nutrient availability and uptake by crops, thus
improving soil fertility. This study aims to evaluate the
effectiveness of biochar and lime in restoring soil health
in the Guntur region, where soils are impacted by
municipal and industrial effluents.

MATERIAL AND METHODS
A pot culture experiment was conducted at
Department of Soil Science, Agricultural College,
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Bapatla. For this experiment, contaminated soil
samples with highest toxic metal contents were
collected from budampadu region, Guntur, where the
soils were contaminated highly by Municipal and
Industrial effluents. These samples were air dried in
shade and were pounded to pass through 2 mm sieve
and used 5 kg of soil per each pot. The experiment
employed a Completely Randomized Design (CRD)
with three replications. The treatments applied are
absolute control, 100 % NPK and varying levels of
biochar (1.25ha"!, 5 tha-' and 7.5 tha') and lime
(1.25ha"!, 2.5tha and 5 tha') along with 100%
recommended doses of fertilizers. Amaranthus and
fodder sorghum were selected as test crops and sown
uniformly in each pot. The pots were kept in a
controlled environment with consistent temperature
and light, and irrigation was provided as needed to
maintain soil moisture.

Soil analysis involved measuring pH and
electrical conductivity (EC) using a pH meter and EC
meter, respectively, in a 1:2.5 soil-water suspension.
Nutrient content (nitrogen, phosphorus, potassium)
and heavy metal concentrations (lead, cadmium, zinc)
were determined using standard chemical methods and
atomic absorption spectroscopy (AAS). For plant
analysis, dry matter yield (DMY) was measured by
drying of harvested plant material at 70°C. Heavy
metal uptake in plant samples was analyzed using
standard procedures. Data were statistically analyzed
to evaluate the effects of different treatments on soil
properties and plant performance, with significant
differences assessed using Tukey’s HSD test at a 5%
significance level. Quality control measures included
instrument calibration, use of standard reference
materials, and repeated measurements to ensure
accuracy and reliability. The study aimed to provide
insights into the effectiveness of biochar and lime as
sustainable soil remediation strategies for contaminated
soils.

RESULTS AND DISCUSSION

pH and Electrical Conductivity (EC)

The impact of biochar and lime amendments on soil
pH and electrical conductivity (EC) was presented in
table 1.

Soil reaction (pH) Initial soil samples from the Guntur
region had a neutral pH of 7.53. This baseline pH
was relatively stable, indicating that the soil was not
highly acidic or alkaline at the start of the experiment.
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However, the application of lime and biochar resulted
in noticeable changes in soil pH. Lime application
significantly increased soil pH, with the most
pronounced effects observed at higher application
rates. For instance, lime applied at (T,: 5 tha™' +100%
NPK) increased the pH to 7.83, indicating a shift
towards alkaline conditions and it is on par with T..
This significant increase in pH is consistent with lime’s
known role in neutralizing soil acidity, even in soils
that are already near-neutral. Biochar, while also
effective in increasing pH, showed a more moderate
effect compared to lime. Biochar application (T-7.5
tha'+100% NPK) raised the soil pH to 7.76 as
mentioned in table 1. This increase, while beneficial,
was less dramatic than that achieved with lime. The
alkaline nature of biochar contributes to raising soil
pH, but its effect is generally more gradual compared
to the immediate and substantial impact of lime.

Electrical Conductivity (EC): The EC ofthe control
soil was 0.54 dS/m, reflecting a high concentration
of soluble salts due to industrial effluent contamination.
The lime application resulted in a marked increase in
EC across all application rates. The highest was
observed in T, (100% NPK + 5 t ha'! of CaCO,)
0.88 dS m followed by T - (100% NPK + 5 t ha-
'of CaCO,)0.84 dS m" and the lowest was observed
in control 0.54 dS m™' as mentioned in table 1. The
increase in EC with lime application can be attributed
to the addition of calcium carbonate, which adds to
the soluble salts in the soil. Biochar also contributed
to increased EC, though the reduction was less
pronounced compared to lime. Biochar’s contribution
to increased EC is related to its inherent mineral
content and its effect on soil structure, which can lead
to higher retention of soluble salts in the soil.

The results indicated that both lime and biochar lead
to increases in soil EC with higher application rates.
For lime, this is due to the addition of calcium
carbonate, which raises the soluble salt content in the
soil. While lime reduces soil acidity and improves
fertility, its contribution to increased EC must be
managed to avoid negative effects on plant growth.
Biochar’s effect on EC is linked to its mineral content
and influence on soil properties. Although biochar
improves soil structure and nutrient retention, higher
application rates increase EC due to retained soluble
salts. Both amendments improve soil health and
fertility but may elevate EC due to their mineral
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Table: 1. Effect of treatments on pH, EC and organic carbon content in soils after harvest of
Amaranthus, Fodder Sorghum crops grown in polluted soil
TREATMENTS AMARANTHUS FODDER SORGHUM
pH EC (dS m™) pH EC (dSm™)
T1: Control 7.67 0.54 7.7 0.59
T2: 100% NPK 7.69 0.61 7.75 0.65
Ts: 100% NPK + 1.25t of Biochar ha” 7.72 0.75 7.78 0.68
Ta: 100% NPK + 5t of Biochar ha'' 7.74 0.78 7.81 0.73
Ts: 100% NPK + 7.5t of Biochar ha™ 7.76 0.85 7.82 0.75
Te: 100% NPK + 1.25 th.':f1 of CaCOs3 7.77 0.6 7.88 0.67
T7: 100% NPK + 2.5 t ha" of CaCOs 7.8 0.84 7.89 0.73
Ts: 100% NPK + 5 t ha of CaCOs 7.83 0.88 7.89 0.79
S. Em (£) 0.08 0.01 0.03 0.01
CD (0.05) 0.26 0.05 0.11 0.03
CV (%) 2 3.99 0.83 3.24

content. This trade-off highlights the need to balance
soil pH adjustment and nutrient availability with the
risk of elevated soil salinity. Thus, managing application
rates is crucial for mitigating industrial effluent
contamination and enhancing soil health and
agricultural productivity. These findings aligned with
Ahmad et al. (2017) Islam et al. (2021) and Suri et
al. (2023).

Dry Matter Yield (DMY) and Uptake of Heavy
Metals

The dry matter yield and uptake of heavy
metals by amaranthus and fodder sorghum was
influenced by the application of biochar and lime are
depicted in tables 2 & 3.

Dry Matter Yield (DMY)

The application of biochar significantly
influenced the dry matter yield (DMY) of both
amaranthus and fodder sorghum, with notably high
DMY observed in biochar-treated pots.

Amaranthus

Biochar treatment led to a substantial increase
in DMY for amaranthus. In the control pots, the DMY
was 10.5 g/pot. With the application of biochar, this
yield increased progressively with the rate: 1.25 tha-
' +100% NPK resulted in 14.5 g pot?!, 100%
NPK+5tha'in 16.7 g pot', and 100 %NPK + 7.5
tha'in 17.2 g pot! as seen in Fig 1. The highest
DMY of 17.2 g pot! was achieved with the 7.5 tha-

' biochar appliction, indicating a significant
enhancement in plant growth. This increase can be
attributed to biochar’s ability to improve soil structure,
enhance nutrient retention, and better root
development. The same trend followed with lime
application resulted in an increase in the dry matter
from 13.4 to 15.9 gpot'. T,, T, and T, are on par
with the control.

Fodder Sorghum

Similarly, biochar treatment improved the
DMY of fodder sorghum. The control pots yielded
11.8 g pot!, while biochar application resulted in
higher yields: T, (100% NPK+1.25 tha™) produced
15.7 gpot!, T, (100% NPK+5 tha™') 19.7 g pot™,
and T, (100% NPK +7.5 tha') produced 23.5 g
pot'! as seen in Fig 2. The highest yield 0f23.5 g pot
! was observed with the 100 % NPK + 7.5 tha!
biochar application. Whereas lime applied treatments
also increased dry matter from 15.0to 19.5 g pot™
with an increased application rate. This enhancement
in DMY reflects the positive effects of biochar on
soil aeration, water retention, and nutrient availability,
which contribute to increased biomass production.
This underscores the potential of biochar as an
effective soil amendment for enhancing crop
productivity, particularly in contaminated soils where
improved soil conditions are crucial for maximizing
plant growth.

The results showed that both biochar and lime
significantly increase the dry matter yield (DMY) of
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Table: 2. Effect of treatments on dry matter, Pb uptake in Amaranthus, Fodder Sorghum crops

grown in polluted soil

AMARANTHUS FODDER
TREATMENTS Dry matter | Uptake Dry matter | Uptake
(gpot’) | (ngpot’) | (gpot’) | (ngpot?)
T;. Control 10.5 25.1 11.8 27.5
Ta: 100% NPK 12 23.8 13.7 26.6
Ts: 100% NPK + 1.25t of Biochar ha™ 14.5 21.6 15.7 24.2
T4: 100% NPK + 5t of Biochar ha! 16.7 18.7 19.7 20.1
Ts: 100% NPK + 7.5t of Biochar ha™ 17.2 18.5 23.5 18.2
Te: 100% NPK + 1.25 tha”' of CaCO3 13.4 20 15 23.9
T7: 100% NPK +2.5 tha” of CaCO; 14.3 19.5 17.4 23.7
Ts: 100% NPK + 5 t ha™ of CaCOs 15.9 19.2 19.5 21.7
S. Em (%) 0.49 1.26 0.7 1.8
CD (0.05) 1.49 3.8 2.21 5.42
CV (%) 6.02 10.5 7.49 13.4

Table: 3. Effect of treatments on dry matter, Cd uptake in Amaranthus, Fodder Sorghum crops

grown in polluted
AMARANTHUS FODDER
TREATMENTS Dry matter Uptake Dry matter Uptake
(gpot) | (ngpot? (gpoth) | (ugpoth

T Control 10.5 12.3 11.8 11.8
Ta: 100% NPK 12 11.9 13.7 11.8
Ts: 100% NPK + 1.25¢ of Biochar ha™ 14.5 10.6 15.7 10.8
Ta: 100% NPK + 5t of Biochar ha™ 16.7 10 19.7 10.1
Ts: 100% NPK + 7.5t of Biochar ha™ 17.2 8.1 235 8.2
Te: 100% NPK + 1.25 t ha™ of CaCOs; 13.4 113 15 11.5
Ty: 100% NPK + 2.5 t ha” of CaCOs 14.3 10.7 17.4 11
Ts: 100% NPK + 5 t ha” of CaCOs 15.9 10 19.5 10
S. Em (&) 0.49 0.68 0.7 0.74
CD (0.05) 1.49 2.05 2.21 2.22
CV (%) 6.02 11.1 7.49 12

amaranthus and fodder sorghum. Biochar improves
soil structure, water and nutrient retention, and root
growth, leading to higher DMY, with the maximum
yield observed at 7.5 tha™'. Lime improved DMY by
raising soil pH, which improves nutrient availability
and reduces metal toxicity. Additionally, lime directly
contributes to increased dry matter production by
optimizing soil conditions for plant growth. These

findings are consistent with reports by Rizwan et al.
(2018) and Amsalu and Beyene (2020), who found
increased barley yield with higher phosphorus and lime
applications.

Uptake of Heavy Metals Lead
In the case of lead (Pb), lime application
effectively reduced its uptake by both crops. For
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amaranthus, the lead concentration in plant tissues
decreased from 25.1 ig pot " in the control to 19.2 ig
pot* with T (5 tha™' of lime+100% NPK). Similarly,
for fodder sorghum, lead uptake reduced from 27.5
igpot™ to 21.7igpot™ T (5 tha' of lime+100% NPK)
with lime application as mentioned in table 2. This
reduction is due to lime’s role in increasing soil pH,
which decreases the solubility and mobility of heavy
metals, thereby limiting their availability to plants.
Biochar also significantly reduced lead uptake
compared to lime. For amaranthus, lead concentration
decreased from 25.1 ig pot ! in the control to 18.5 ig
pot ' with T (7.5 tha™' of biochar+100% NPK). For
fodder sorghum, lead uptake was reduced from 27.5
igpot” to 18.2igpot™, T (7.5 tha of biochar+100%
NPK) with biochar application. This reduction is
attributed to biochar’s ability to adsorb heavy metals
and improve soil properties. Similar results were
reported by Almaroai and Eissa (2020), who found
that increasing biochar application rates gradually
reduced metal concentrations and uptake in tomato
crops and Khalid and Ashraf (2019), who observed
that higher biochar application significantly decreased
the solubility of lead (Pb) and mitigated toxicity
symptoms.

Cadmium (Cd) uptake by plants was similarly
affected by the amendments. Lime application reduced
cadmium levels in amaranthus from 12.3 ig pot ' in
the control to 8.10 ig pot™ at 7.5 tha!, and in fodder
sorghum from 11.8 ig pot™ to 10.0 ig pot'. Biochar
also decreased cadmium uptake, with amaranthus
showing areduction from 12.3 ig pot* to 8.10 ig pot
!, and fodder sorghum from 11.8 ig pot™ to 8.20 ig
pot! at 7.5 tha™' as mentioned in table 3. Lime’s
effectiveness in reducing cadmium uptake is due to its
role in altering soil pH, which decreases cadmium
solubility and bioavailability. Biochar’s high sorption
capacity also lowers Cd concentration in both shoots
and roots by immobilizing cadmium into more stable
forms and improving soil quality.

These findings align with Rizwan et al. (2018) and
Almaroai and Eissa (2020), who observed decreased
cadmium concentrations in plant shoots with higher
biochar treatments. Hamid ez al. (2020) documented
a significant reduction in Cd uptake with lime and
compost amendments, while Qiangian ez al. (2022)
demonstrated that combining biochar with selenium
(Se) effectively mitigated Cd accumulation in lettuce
shoots. The application of CaCOf with RDF (NPK)
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also resulted in the lowest Cd content (0.67 mg kg™),
showing a 46.82% reduction over the control was
observed by Sridhar (2006).

CONCLUSION

Overall, the experiment showed that
remediation of heavy metal contaminated sites with
industrial and municipal effluents might be achieved
with both lime and biochar by improving soil fertility.
Lime has more direct and noticeable impacts on soil
pH and heavy metal bioavailability at T,: 100% NPK
+5 tha' of CaCO,, whereas biochar delivers longer-
term benefits in soil structure for progressive decrease
inmetal uptake in contaminated site in T.: 100% NPK
+ 7.5t of Biochar ha''. Hence It is possible to
successfully treat soil contamination and support
sustainable farming practices by using these
amendments separately or in combination. Including
lime and biochar in soil management plans can result
in safer agricultural systems, better soils, and increased
crop yields.
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