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ABSTRACT. The textile industry generates waste with elevated
concentrations of heavy metals, dominated by lead (Pb). This waste can
contaminate the surrounding agricultural land and be absorbed by plants,
accumulating in their tissues. Applying mycorrhiza fungi is an effective
strategy to prevent Pb accumulation and translocation in plant tissues. This
study evaluates the effect of combining mycorrhiza with vermicompost in chili
plants by analyzing Pb uptake, Pb translocation, phosphorus uptake, and
harvest yield. We employed a randomized block design with two factors: the
first factor was vermicompost dose (ranging from 0, 10, 15, 20, 30 tha™), and
the second factor was mycorrhiza application and non-mycorrhizal (with three
repetitions per treatment). The results showed that vermicompost at a dose of
25 — 30 t ha-1 combined with mycorrhiza increased the Pb content in the root
compared with the control treatment. Vermicompost at 0 and 10 t ha™! doses
combined with mycorrhiza decreased significantly in Pb content in the shoot
compared to the vermicompost treatment without mycorrhiza. Mycorrhiza did
not increase the P-uptake and the yield of chili plants. Meanwhile,
vermicompost at 25 -30 t ha' increased significantly the plant chili yield. The
mycorrhizal hyphae in the root tissue can bind Pb and suppress further Pb
translocation to the plant's shoot. These research findings show that the chili
plant is known as a Pb-accumulator plant. This research contributes to
understanding the role of mycorrhiza and vermicompost in maintaining the
safety of food crops cultivated around river areas contaminated with textile
waste containing Pb.
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INTRODUCTION

Developing the industrial sector is crucial for improving a country's economy
but severely harms the natural surroundings. Lead (Pb) poisoning can result
in both acute and chronic damage to the kidneys, brain, reproductive organs,
and central and peripheral nervous systems (Collin et al. 2022). One of the
major issues is the generation of hazardous industrial waste, which can lead
to severe consequences. The accumulation of heavy metals in soil and water
bodies from industrial waste is a significant environmental problem. Pb
exhibits a strong affinity for soil particles, leading to its predominant presence
in the topsoil layer (Gupta et al. 2008). One example of such pollution is in
the Rancaekek District of the Bandung Regency in West Java. Dumping
textile industrial waste in this region has resulted in severe impacts. Our field
survey indicates that plants impacted by lead (Pb) exhibit signs of retarded
growth. Our soil analysis showed that the Pb content of the soil in that area
had reached 39.61 ppm (unpublished personal data). These heavy metals
are elements that are extensively used in the textile production process.
Plants' absorption of Pb levels that exceed the permitted limits on agricultural
land can be dangerous for consumption.

Heavy metals such as lead (Pb) can negatively impact plant
photosynthesis, causing loss of biomass and fithess by disrupting
physiological and biochemical responses (Emamverdian et al. 2015, Mateos-
Naranjo et al. 2008, Windham et al. 2001). Previous research indicates that
plant hyperaccumulators can tolerate heavy metal levels 10-500 times higher
than other plants, without negative effects (Rascio & Navari-lzzo 2011,
Skuza et al. 2022). However, plant metal uptake is influenced by factors such
as soil pH and organic matter, which may have antagonistic effects (Herlina
et al. 2020, Tibbett et al. 2021).

From the abovementioned problems, we explore the potential uses of
vermicompost organic materials with mycorrhizal fungi to overcome and
rehabilitate Pb-contaminated land. In Indonesia, vermicompost is an organic
material that is still only used as an organic fertilizer because it contains the
complete range of nutrients needed for plant growth, while its use as an
alternative to reduce the harmful effects caused by heavy metals has yet to
be widely used (Mahmud et al. 2020). Vermicompost facilitates plant growth
and significantly mitigates abiotic stresses, particularly soil salinity and
drought (Rehman et al. 2023). Vermicompost can be used as a material for
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rehabilitating land contaminated with heavy metals, if vermicompost has the
characteristics of organic fertilizer (Rehman et al. 2023). According to Wan
et al. (2018), organic materials can form heavy metal complex compounds
called metal-organic complexes and play a crucial role in controlling the
transformation of heavy metal fractionations in soils.

Besides that, vermicompost contains many microorganisms that are
beneficial to plants. Wong et al. (2015) reported that the primary benefits of
vermicompost application are attributed to the continuous availability of
macro- and micronutrients and the biological effects associated with its
enzymatic activities and plant hormones, leading to increased plant growth.
Furthermore, Gadd (2001) stated that the microorganisms in organic
materials can potentially be used as heavy metal biosorbed agents because
soil organic matter plays a crucial role in regulating the conversion of heavy
metals in the soil. Additionally, it helps to maintain the overall health and
fertility of the soil (Zeng et al. 2011). The immobile fraction of heavy metals
in the soil increases with increasing soil organic matter concentration (Sparks
2003). Furthermore, it is also known that the aging process of soil can cause
heavy metals to transform from mobile forms to stable forms (Wan et al.
2018).

Mycorrhiza is a type of fungus that helps plants absorb nutrients like
phosphorus while at the same time protecting their roots by colonized roots
(Zhang et al. 2021). It can also act as a heavy metal binding agent. In soils
contaminated with heavy metal, Arbuscula mycorrhizal fungi (AMF)
contribute to the accumulation of soil organic carbon (SOC) by secreting
glomalin-related soil protein (GRSP) and modulating plant carbon
partitioning (Zhang et al. 2019). Mycorrhiza releases a glycoprotein (GRP)
into the soil upon hyphal turnover or fungal death, and it can be measured in
the soil as GRSP (Driver et al. 2005). More than 80% of land plants establish
symbiosis with AMF in different ecosystems, including Pb-polluted areas
(Davison et al. 2015, Faggioli et al. 2019, Parniske 2008, Zhang et al. 2021).
AMF has been found to enhance plant growth by increasing nutrient uptake
and tolerance to adverse environmental conditions (Liu et al. 2016).
Moreover, AMF can also increase host plants' lead (Pb) tolerance by
accumulating more Pb in the roots than non-mycorrhizal plants (Zhang et al.
2021). Plant roots may uptake Pb by following the water flow, facilitated by
the aquaporin MtPIP2 (Zhang et al. 2021). It is possible to use a combination
of vermicompost and mycorrhiza to rehabilitate land contaminated with Pb
and suppress its translocation to affected plants. However, the effectiveness
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of vermicompost and mycorrhiza originating from inoculants in suppressing
Pb ion content, translocation (Pb uptake), P uptake, and plant yields, as well
as adequate vermicompost dosage levels, still have to be investigated.

This research aims to evaluate the potential of mycorrhiza combined with
the application of organic vermicompost in chili pepper plants by suppressing
Pb uptake and Pb ion translocation and its effect on P uptake and chili plant
yield.

MATERIAL AND METHODS

This research was conducted in a greenhouse at the Experimental Garden of the
Faculty of Agriculture, Padjadjaran University, at 725 above sea level (a.s.l.).
Laboratory analysis was conducted at the Biology and Biotechnology Laboratory,
Faculty of Agriculture, Department of Soil Science and Land Resources
Management, Padjadjaran University, in Jatinangor, Sumedang Regency, West
Java Province.

Research tools and materials

Mycorrhizal inoculant in zeolite carrier material with a spore density of 34 per g
zeolite, consisting of 2 species (Glomus sp. and Gigaspora sp.). The inorganic
fertilizer used is 50% of the recommended dose consisting of Urea 100 kg ha™' (0.5
g pot™, Triple super phosphate (TSP) 50 kg ha™' (0.25 g pot™'), KCI 25 kg ha-1 (0.125
g pot"), and cow dung compost at a dose of 5 tons ha' (25g pot-'). This was
obtained from the Ciparamje experimental garden collection, Faculty of Agriculture,
Padjadjaran University.

Experimental design
A factorial randomized block design (RAK) with two factors was used.
Factor |: Variation in vermicompost dosage:
Vo = without vermicompost
v1 = vermicompost 10 tha™
v2 = vermicompost 15 tha™
v3 = vermicompost 20 t ha™
v4= vermicompost 25 tha™
vs= vermicompost 30 t ha™
Factor Il: ._Mycorrhizal inoculations:
mo = without mycorrhiza
m+ = mycorrhizal inoculation
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Soil preparation

The research used soil from Jelegong Village in the Rancaekek District of Bandung
Regency, contaminated with textile waste. Pb contaminated soil was taken in
Jelegong Rancaekek village, using a purposive method by taking 10 sample points
at a depth of 0 - 20 cm (the topsoil layer), then the soil samples were composited
and then air-dried, pounded, passed through a sieve with a 2 mm diameter. For the
initial analysis of soil characteristics, 0.5 kg of soil was used.

Seeding chili seeds and mycorrhiza

We used the pre-inoculation method to sow chili seeds and apply mycorrhizal
inoculation. The soil was pounded and sieved with a 2 mm sieve. The pre-inoculation
method was used in 40 x 20 cm trays for the mycorrhiza treatment. During chili
seeding, mycorrhizal inoculant was added. The media used in pre-inoculation was
sterilized first, with a composition consisting of 3 layers (layering method), namely
inceptisol soil (1645.2 g), 1.5 g mycorrhiza in zeolit (419.925 g) with a density of 34
spores per 1 g zeolite, and inceptisol soil (548.4 g), or the ratio of soil: inoculant
mycorrhiza in zeolite: soil = 3: 12: 9. The seeds were sown in the top layer by slightly
immersing them with a distance of 5 x 5 cm between the seeds. The humidity in the
seedbed was maintained until the age of 30 days. Several plants were taken
randomly every week to see the infectivity of mycofers and indigenous mycorrhizae.
The acid fuchsin root staining method was used to examine root infections.
Transplanting was carried out when the plants were 30 days after inoculation.
Vermicompost was given at the time of transplanting according to the treatment
dose.

Planting chili seeds and application of vermicompost

The chili seeds, infected and sown at 30 days, were transplanted into a 5 kg pot-1
of Pb-contaminated soil and treated with vermicompost according to the dosage.
Vermicompost application was carried out when planting seeds in a pot. As a starter,
the soil was given essential fertilizers such as urea, phosphate, and potassium at
50% of the recommended dose. The plant media field capacity value was measured
to determine the plant's water needs.

Plant destruction and harvesting

Plant destruction was carried out during the final vegetative period (46 days after
planting) to analyze soil dissolved Pb, Pb content in the root, plant Pb uptake, and
P-uptake and. Soil Pb and plant Pb was analyzed by using the acid digestion method
and measured using an AAS instrument. Harvesting was done at harvest time of 92
days after planting, followed by harvesting every week until the plants no longer bore
fruit. Observation parameters: Pb content in roots, Pb content in the shoot, plant
phosphorus uptake, and chili crop yield (gr plant™).
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Pb analysis in soil and plant

The dry sample was crushed using a grinder and placed in a 50 mL digestion tube
containing a 5 mL mixture of HNO; and HCIO, in a 4:1 ratio. The mixture was
gradually heated to 220°C for digestion. Lead concentrations were measured with
flame atomic absorption spectrometry (PinAAcle 900F, PerkinElmer, USA). Lead
content was calculated based on Pb concentration, fresh-to-dry mass ratio, and plant
biomass.

Phosphorus content in plant analysis

Phosphorus content in plant analysis was using the wet destruction method.
Equipment and materials: oven, analytical balance, grinder, 25 mL Kjeldahl flask,
test tube, HCIO,, HNO;, distilled water. The plant sample was dried in an oven at
75°C for 48 hours, then crushed using a grinder, leading the sample to a fineness of
0.5 mm. A 0.25 g portion of the sample was placed into a 25 mL Kjeldahl flask, and
5 mL of HNO; was added. Then, 0.5 mL of HCIO, is added to the flask, shaken, and
left overnight. The sample is digested by slowly heating to 350°C, producing a clear
extract. The sample extract is mixed with 50 mL of distilled water, shaken, and
transferred to a distillation flask. An additional 10 mL of reagent is added to measure
P-concentration using a spectrophotometer at a wavelength of 889 nm.

Statistical analysis

Statistical Product and Service Solutions (SPSS) version 15.0 was used to analyze
experimental data. Analysis of variance (ANOVA) was performed to assess
significant differences at a level of 5% (p< 0.05).

RESULTS

Physical and chemical characteristics of experimental soil

The initial soil analysis of the experiment is shown in Table 1. The soil used
in the experiment was from Jelegong Village, Ranacaekek District, where a
river carries textile waste material and intrusion into agricultural land. Soil
analysis of the experiment revealed that the soil was classified as slightly
base, medium organic content (3.13%), total N was in the low category
(0.22%), P ratio C/N was in the moderate category (14%), high base
saturation (232%), cation exchange capacity (CEC) is high (27.75
meq/100g), base saturation is high and soil Pb content is above the permitted
limit (39.61 ppm), and available P is very high (107.050 ppm). This soil is
classified as highly contaminated with Pb and phosphate.
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Table 1. The chemical and physical characteristics of experimental soil.

No. Parameters Unit Value Criteria”
1. pH H20 7.80 slightly base
2. pHKCI1N 6.42 -
3. C-Organik % 3.13 moderate
Total-N % 0.22 low
4. C/N ratio % 14 moderate
5. P20sBray | ppm 107.05 very high
6. CEC meq 100 g' 27.75 high
7. Base saturation % 232 very high
8. Availability-Pb ~ ppm 39.61  above the threshold

Source of criteria determination: ” Hardjowigeno (2007).

Pb content in chili plant roots
Table 2 presents the analysis results of Pb content in chili plant roots due to
treatment.

Table 2. Average Pb levels in plant roots resulting from treatment with
and without mycorrhiza combined with various vermicompost doses.

mO0 m1
Treatment
mg g dry weight mg g™ dry weight

v0 21192 a 25718 a
A B

w 24.352 b 25.723 a
A B

Vo 25.040 b 25.852 a
A A

V3 26.107 b 27117 b
A B

va 27.613 b 27.862 b
A A

V5 29129 ¢ 28.7112 ¢
A A

Note: Numbers followed by identical lowercase and uppercase letters indicate no
significantly different vertical differences between vermicompost dose treatments and
horizontal differences between mycorrhizal treatments; mO= no mycorrhiza; m1=
mycorrhiza. Codes v0 to v5 are variations in vermicompost dosage. The test is
significantly different from the Ducan test by 5%.
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The statistical analysis showed an interaction between mycorrhiza and
vermicompost treatments. The lowest Pb levels were found in the control
treatment (v0), at 21.192 mg g’ dry weight (Table 2). Vermicompost
treatment in varying doses showed a significant increase in Pb levels in the
roots (p< 0.5) compared to the control. Mycorrhiza treatment significantly
increased Pb levels in the roots compared to the absence of mycorrhiza at
vermicompost doses of 0, 10, and 20 t h-1 were 25.718, 25.723, and 27.117
(mg g-1 dry weight), respectively. Additionally, the application of mycorrhiza
with vermicompost doses Vv2 increased significantly compared with
vermicompost doses 20 t h-' and 30 t h-'(v3 and v5 ), respectively, showed
levels of 25.723, 27.117, 27.867, and 28.712 (mg g dry weight). The
organic material from vermicompost produced the highest root Pb content,
reaching 29.129 (mg g' dry weight). (Table 2).

Pb translocation in shoots
Based on the variance analysis, Pb translocation in the upper part of the plant
was influenced by mycorrhiza treatment and vermicompost (Table 3).

Table 3. Average Pb levels in the shoot of plants due to treatment with
and without mycorrhiza, with variations in vermicompost doses.

mO m1
Treatment - -
mg g™ dry weight mg g " dry weight
V0 14.500 a 11.893 a
A B
vi 13.394 a 11.672 ab
A B
v2 12.160 b 10.721 ab
A A
v3 11.140 bc 10.558 ab
A A
va 10.578 ¢ 10.459 bc
A A
V5 8.873d 8.858 ¢
A A

Note: Numbers followed by identical lowercase and uppercase letters indicate no
significantly different vertical differences between vermicompost dose treatments and
horizontal differences between mycorrhizal treatments; mO= no mycorrhiza; m1=
mycorrhiza. Codes v0 to v5 are variations in vermicompost dosage. The test is
significantly different from the Ducan test by 5%.
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According to the investigation results, applying vermicompost alone
decreases the shoots' Pb content. The study found that vermicompost doses
ranging from 15 t ha-' to 30 t ha' showed a significant decrease in Pb content
in the shoot compared to the control treatment. The lowest Pb content was
observed in the treatment with the application of 30 t ha' vermicompost,
which amounted to 8.873 mg g of dry weight. Furthermore, mycorrhiza
application in the control treatment and mycorrhiza combined with
vermicompost at 10 t ha-1 significantly decreased Pb content in the shoot.
The study found that mycorrhiza inoculation resulted in a significant decrease
in the Pb content of the shoot.

Plant phosphorus uptake
Based on analysis of variance, there was an interaction between mycorrhiza
and vermicompost treatments on phosphorus uptake (Table 4).

Table 4. Average P-plant uptake due to treatment with and without
mycorrhiza and variations in vermicompost doses

mO m1
Treatment
mg g™' dry weight mg g™ dry weight

v0 304.7117 a 212.8983 a
A B

v 296.1533 a 259.4583 a
A A

Vo 280.0117 a 282.2000 a
A A

V3 246.3167 a 280.4733 a
A A

va 252.673 c 278.7567 ab
A A

V5 224.827 ¢ 288.5017 b
A A

Note: Numbers followed by identical lowercase and uppercase letters indicate no
significantly different vertical differences between vermicompost dose treatments and
horizontal differences between mycorrhizal treatments; mO = no mycorrhiza; m1=
mycorrhiza. Codes v0 to v5 are variations in vermicompost dosage. The test is different
from the Ducan test by 5%.

According to the results of the analysis, there is an interaction between
the different doses of vermicompost treatment and mycorrhiza inoculation
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treatment. The study reveals that the mycorrhiza inoculation treatment
enhances the highest plant phosphorus (P) uptake when combined with 30 t
ha' vermicompost treatment compared to the other treatments, at 288.5017
mg g dry weight (Table 4). However, overall, the results suggest that the
application of vermicompost and mycorrhiza results in lower phosphorus
uptake than the control.

Dry weight of chili yield

Table 5 displays the impact of vermicompost and mycorrhiza application on
chili plant yield. The study shows no interaction between the vermicompost
application and mycorrhiza. Furthermore, there is a significant difference
between the various doses of vermicompost provided and the yield of chili
plants.

Table 5. Average chili yield due to treatment with and without
mycorrhiza combined with varying vermicompost doses.

Vermicompost (v) Weight of chili yield

treatment (gplant™)
v0 58.80 a
vi 52.08 a
v2 61.71 a
v3 49.05a
v4 68.14 b
v5 70.12b

Mycorrhiza (m)

treatment
mO 60.15 a
m1 49.50 b

Note: Numbers followed by identical lowercase and uppercase letters indicate no
significantly different vertical differences between vermicompost dose treatments and
horizontal differences between mycorrhizal treatments; mO = no mycorrhiza; m1=
mycorrhiza. Codes vO to v5 are variations in vermicompost dosage. The test is
significantly different from the Ducan test by 5%.

The statistical analysis results indicate independent effects between the
application of vermicompost and mycorrhiza inoculation. The application of
vermicompost at doses of 25 t ha™' and 30 t ha™' significantly increased chili
fruit yield compared to the other treatment. Meanwhile, the chili yield using
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mycorrhiza is considerably lower than without mycorrhiza, at 49.50 g-plant.
Increased chili yield requires a high dose of vermicompost.

DISCUSSION

The role of vermicompost and mycorrhiza to Pb content in chili plant
roots

This research found that vermicompost and mycorrhiza played a role in
increasing Pb translocation to the roots. As has been explored by Sparks
(2003) and Zeng et al. (2011), organic matter plays a critical role in regulating
the conversion of heavy metals in soil. As such, vermicompost helps Pb
uptake in chili roots by binding the functional group of the vermicompost's
organic compound to the heavy metal in the soil. Functional groups such as
Protonated hydroxyl (-OH), carboxyl (-COOH), and amino (-NH2) can form
intra- and intermolecular hydrogen bonds, limiting metal ion complexation
(Liu et al. 2020). Liu et al. (2020) demonstrated that the adsorption
performance of sugar cane waste was superior in a similar adsorbent-
adsorbate system. The carboxyl groups of organic materials contribute to
superior adsorption performance; most probably, the reason is their
functional groups, like hydroxyl and carboxy, and benzene rings bind the
heavy metal (Liu et al. 2020).

The research revealed that mycorrhiza plays a significant role in assisting
the uptake of Pb in roots. It was found that mycorrhiza can act as a potential
chelating agent that binds Pb in the roots of chili plants that are infected with
mycorrhizal hyphae. This statement aligns with the conclusions drawn from
the research of Zhang et al. (2021) which suggests that AM fungi can
increase the concentration and content of Pb in plant roots. The uptake of Pb
by plant roots is believed to occur through water flow (Zhang et al. 2021).

The effect of vermicompost and mycorrhizal inoculation on Pb
translocation in shoots

The application of vermicompost and mycorrhiza showed a tendency to
suppress the translocation of Pb to the plant's shoot. Applying a
vermicompost dose of 10 tons-'ha (v1) showed a significant difference in
suppressing Pb uptake between treatments with and without mycorrhiza. The
higher the dose of vermicompost used, the lower the Pb levels absorbed by
the plant. Thus, the results of this study illustrate that vermicompost plays a
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crucial role in preventing Pb translocation from continuing to the top of the
plant. This happens because Pb is bound to the roots with the help of
vermicompost to form stable organic Pb, so it is challenging to be
translocated further to plant parts. According to Zhang et al. (2021), organic
materials from the bagasse structure can increase the absorption capacity of
Pb into a strong and stable biochemical bond (Huang et al. 2019, Wu et al.
2018). According to Liu et al. (2020), using organic materials based on sugar
cane waste (Bagas) shows effective Pb adsorption performance. Mycorrhiza
treatment showed significantly lower Pb uptake (p< 0.5) compared to the
independent application of vermicompost, namely 11.893 ppm. Likewise,
using vermicompost at a dose of 10 t'ha using mycorrhiza showed a
decrease.

Mycorrhizae are known to bind heavy metals to carboxyl groups in pectic
or hemicellulose compounds, in the matrix between the contact surfaces of
mycorrhizae and host plants, in polysaccharide sheaths and hyphae cell
walls (Zhang et al. 2021). The decomposition of organic material influences
AM mycelia by releasing secondary metabolites produced by
microorganisms during the decomposition process of organic material
(Gryndler et al. 2009).

Lead uptake has decreased due to the binding of dissolved lead in the
soil, caused by the humic acid in organic materials such as vermicompost
(Wan et al. 2018).

Increasing the ability to accumulate Pb in roots colonized by AM fungi can
occur through two pathways, namely nutrient and water uptake (Ferrol et al.
2016, Smith & Smith 2011). Hypothesis according to Zhang et al. (2021) AM
increases Pb uptake in colonized root segments through (1) increasing plant
transpiration; (2) AM fungi translocating Pb to segment of colonized root; and
(3) Pb uptake by plant involves the participation of plant aquaporins. The
results showed that the Pb content at the plant's shoot was lower than the
Pb content in the roots (Tables 2 and 3). This indicates that translocation has
obstacles due to mycorrhiza and vermicompost treatment. According to
Zhang et al. (2021), Pb uptake through mycorrhiza-colonized root segments
has low mobility when moving from roots to shoots and is likely accumulated
by AM fungi in the roots. In line with previous studies, mycorrhizal plants
accumulated higher Pb in roots than in shoots compared to non-mycorrhizal
plants (Yang et al. 2016, Zhang et al. 2021).
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The effect of the application of vermicompost combined mycorrhiza to
plant phosphorus uptake

Mycorrhiza treatment resulted in a significantly lower phosphorus uptake due
to the physiological disruption caused by the accumulation of Pb in the roots.
From the investigation results, it is evident that there is a high accumulation
of Pb in the roots, resulting in a disrupted process of P transfer and uptake
to the shoots. Mycorrhiza must first acclimate to its environment when
exposed to high levels of heavy metal stress. The first phase of adaptation
involves the ability of the mycorrhiza to bind heavy metals to its matrix and
hyphae walls, which reduces its ability to absorb phosphorus. The application
of vermicompost and treatment with mycorrhiza inoculation showed a
tendency to increase P uptake, although this increase was not significant.
Vermicompost can create conditions supporting mycorrhizal activity and
adaptation, increasing plant P uptake. Meanwhile, as Mahmud et al. (2020)
reported, the application of vermicompost significantly increased P uptake by
the plant. In this research, the soil phosphate available is relatively high,
causing the role of vermicompost and mycorrhiza to have no significant
effects on the P-uptake of chili plants. However, vermicompost can help
mycorrhiza adapt to Pb stress conditions by maintaining moisture and
reducing dissolved Pb ions. According to research by Coria-Coyupaan et al.
(2009), vermicompost (VC) is recognized as an effective plant growth
promoter. After Goutam et al. (2011), because of microbial activities,
micronutrients, nitrogen (N), phosphorus (P), and others will become more
available. These micronutrients are necessary for plant growth, and their
averages were reported by Adhikary et al. (2012). Moreover, these macro
and micronutrients are readily available from vermicompost to plants (Atiyeh
et al. 2000).

Dry weight of chili yield due to the treatment of vermicompost and
mycorrhiza variations

The comparison between mycorrhizal and non-mycorrhizal treatments
revealed significant differences in chili yield. It was observed that the
application of mycorrhizal resulted in decreased yields of chili plants. The
negative effect of mycorrhiza treatment can be attributed to the nature of
mycorrhiza, which accumulates lead (Pb) in the roots at higher
concentrations than in plant shoots (see Tables 2 and 3). This, in turn,
disrupts the nutrient uptake and translocation process during the growth and
fruiting of chili plants. Although mycorrhiza can potentially suppress Pb
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uptake, it fails to increase chili plant yields. The reason behind the
ineffectiveness of mycorrhiza in increasing chili yields could be the
availability of phosphorus (P) in the soil at very high levels. This high level of
P inhibits mycorrhizal activity; therefore, heavy metal pollution is an important
environmental issue. Collin et al. (2022) reported that lead uptake by primary
producers (plants) adversely affects their metabolism, growth, and
photosynthesis, with excessive lead accumulation reducing root growth by
up to 42%. Plants absorb free Pb?* ions through capillary action from the soil
or via cellular respiration from the air (Sharma & Dubey 2005). Once
absorbed, lead enters the plant system, with the roots passively taking up
divalent Pb?* cations and other nutrients from contaminated soil (Engwa et
al. 2019). These ions are then transported through xylem vessels, moving
upward with other dissolved nutrients, and ultimately reach the endodermis,
where they bind to the cell wall and plasma membrane (Sharma & Dubey
2005). This can harm agricultural yields, ecosystem health, and global-scale
biodiversity, as shown in studies conducted by He et al. (2013) and Paini et
al. (2016).

Heavy metals can inhibit plant growth and productivity (Chowdhury & Maiti
2016, Tovar-Sanchez et al. 2018, Yang et al. 2016). Additionally, Pb can
adversely affect photosynthetic activity and lead to loss of plant biomass and
fitness by interfering with physiological and biochemical responses, including
photosynthesis processes (Emamverdian et al. 2015, Mateos-Naranjo et al.
2008, Windham et al. 2001). It is, therefore, not surprising that the production
of chili plants in this study was low.

Several researchers have documented the adverse effects of lead (Pb)
on plants. Lead accumulation significantly impairs photosynthesis by
reducing the photosynthetic rate, inhibiting chlorophyll synthesis, disrupting
the Calvin cycle, and causing stomatal closure (Khan et al. 2015). In
Ceratophyllum demersum, Pb(NO3), alters chlorophyll structure, decreasing
its photocatalytic activity (Seregin & Kozhevnikova 2023). Lead also changes
lipid composition, affecting chlorophyll B more than chlorophyll A, and these
disruptions in photosynthesis negatively impact fruit and flower growth
(Opeolu et al. 2010). Additionally, lead contamination reduces flower
production, especially at 600 and 1800 ppm Pb levels (Hadi & Aziz 2015).
High levels of lead inhibit ATP synthase/ATPase activity and decrease
respiration rates in plant cells, which is crucial for mitochondrial function
(Seregin & Kozhevnikova 2023). Higher lead concentrations diminish
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sunflower plant height, leaf number, and dry matter (Hung et al. 2014). This
study found that applying vermicompost at 25-30 t ha™ significantly
increased chili yield compared to the control treatment, indicating that
vermicompost can mitigate the adverse effects of Pb on chili plants.

CONCLUSIONS

Vermicompost application at a dose of 25 — 30 t ha-1 combined with
mycorrhiza increased the Pb content in the root compared with the control
treatment. At the same time, treatment of 0 and 10 t ha' vermicompost
combined with mycorrhiza decreased significantly in Pb content in the shoot
compared to the vermicompost treatment without mycorrhiza. Overall, we
found that mycorrhiza can inhibit the Pb translocation to the upper part of the
plant, so the roots of chili plants accumulate Pb more than the shoot parts.
The findings of this study revealed that the chili plant is a Pb-accumulator
plant. Mycorrhiza did not increase the P-uptake and the yield of chili plants.
Meanwhile, vermicompost application at 25 -30 t ha™' increased significantly
the plant chili yield. However, the application of vermicompost combined with
mycorrhiza can suppress the uptake of Pb into the shoot area, thereby
reducing its translocation to the upper parts of the plant. It has a positive
impact in preventing Pb pollutants from being translocated to the top of the
plant or fruit consumed by animals or humans so that it will prevent the
accumulation of Pb in the upper or fruit of chilies from increasing food safety.
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