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Abstract
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Published 1 October 2022 study aimed to investigate chromium removal, physiological characters, and

yield of shallot (Allium ascalonicum L.) on biochar and mycorrhizae
application on chromium-contaminated soil. A pot experiment was conducted

Keywords: at the screen house ex-farm of the Faculty of Agriculture, Jenderal Soedirman
biochar University. The treatments tested consisted of two factors. The first factor was
chromium biochar dosage (B) consisting of 4 levels, i.e., BO = without biochar, B1 = 1.2
mycorrhizae g biochar kg™! of soil, B2 = 2.4 g biochar kg™ of soil, and B3 = 4.8 g biochar
physiological character kg! of soil. The second factor was mycorrhizae inoculation consisting of 3
shallot levels, i.e., MO = without mycorrhizae, M1 = 0.1 g mycorrhizae kg™! of soil,

M2= 0.2 g mycorrhizae kg! of soil. The twelve treatments were arranged in
a randomized block design with three replications. The results showed that
the application of 1.2 g, 2.4 g, and 4.8 g biochar kg*! of soil had been able to
increase plant height and the percentage of root infection. The application of
mycorrhizae 0.1 g and 0.2 g mycorrhizae kg! of soil was able to increase plant
height, percentage of root infection, and plant tissue P uptake. Both
applications of biochar and mycorrhizae increased plant height and the
percentage of root infection by mycorrhizae.
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Introduction (Mohammadi-Motlagh et al., 2011). There are many
different benefits, including antibacterial and
antifungal properties (Amin and Kapadnis, 2005; Yin
and Tsao, 1999), beneficial haematological influences
(Owoyele et al., 2004), and antioxidant properties
(Leelarungrayub et al., 2006). Shallot cultivation is
prone to failure due to environmental factors and pests,
so the use of fertilizers and pesticides is massive.
Increased public awareness of food quality and safety
is a major concern in the production and marketing of
vegetables. Domestic vegetable products generally
have inconsistent quality and have a fairly high level

Shallot (Allium ascalonicum L.) is an important
horticultural commodity that has high economic value.
The nutritional content in every 100 g of shallots
contains 88 g water, 1.5 g protein, 6.3 g fat, 9 g
carbohydrates, 0.7 g fiber, 0.6 g ash, 40 mg P, 0.8 mg
Fe, 36 mg Cu, 5 IU vitamin A, 0.03 mg vitamin B1, 2
mg vitamin C with an energy value of 160 KJ 100 g!
(Fitriani and Darda, 2018). Besides being used as a
cooking spice, shallots can also be used as medicine,
including cholesterol reducer and blood sugar reducer
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of contamination (Miskiyah and Munarso, 2009).
Shallots are the main kitchen spice, so the level of
consumption in the community is quite high.

The practice of shallot cultivation uses
agrochemicals continuously, so it is possible that the
absorption of heavy metal residues in shallot plants in
the long term will be harmful to human health
(Shekhawat et al., 2015). The issue of food safety is
one of the topics that must be considered. Food
contamination can be caused by the accumulation of
heavy metals in soil, water, or plants (Stoica et al.,
2020). Heavy metal contamination in soil is an
important concern issue because of its great impact on
human health and ecological systems (Alghanmi et al.,
2015). Chromium (Cr) is a type of heavy metal that can
pollute the environment and its residues accumulated
in plant tissues. According to SNI, the threshold for Cr
in the soil is 5 ppm (Thakur et al., 2007; Puspita et al.,
2011). A soil is considered polluted by Cr if the
concentration of Cr in the soil is above 10 ppm (Bruce,
2002). The increasing Cr accumulation in the soil
cause the nutrient cycle in the soil to be disrupted and
ultimately decrease soil fertility. Sources of heavy
metals in agricultural soil come from the use of
synthetic fertilizers and pesticides, industrial waste,
motor vehicle emissions, and household waste that
enters irrigation canals (Unver et al., 2015). The
consumption of chromium that can be tolerated by the
human body is a maximum of 0.07 ppm per day (Yang
et al., 2020). The accumulation of Cr in the human
body can cause damage to the respiratory organs and
cause cancer in humans (Tasneem et al., 2021)

Efforts to remediate heavy metal polluted soil
can be made by utilizing soil amendment materials
such as biochar and mycorrhizal biofertilizers. Biochar
is a soil amendment of carbon produced from the
pyrolysis process of organic materials such as rice
straw, corn cobs, or wood. The pyrolysis process or
heating is carried out in a kettle with a high
temperature of 300-500 °C (Shenbagavalli and
Mahimairaja, 2012). Biochar can stabilize heavy
metals in polluted soil by reducing the absorption of
heavy metals by plants and can improve the physical,
chemical, and biological properties of the soil (Ippolito
et al., 2012; Komarek et al., 2013). Lignocellulosic
waste is agricultural waste containing cellulose,
hemicellulose, and lignin that are hard to be converted
into other compounds biologically. Cellulose is a
carbon source that can be used by microorganisms as
a substrate in the fermentation process (Shofiyanto,
2008). According to Lehmann and Joseph (2009),
biochar can be produced from organic materials that
are difficult to decompose, which are burned
imperfectly (pyrolysis) or without oxygen at high
temperatures, 300-500 °C, so that agricultural waste
can be useful for remediation of contaminated soil.
Mycorrhizae have been reported to be potential for
remediating heavy metal-contaminated soils (Riri et
al., 2011). Mycorrhizal fungi can play a role in the

bioremediation of heavy metal pollution in soil; they
reduce heavy metal toxicity by metabolizing these
metals (Bano and Asfaq, 2013). Mycorrhizae
symbiosis with plant roots also increases plant
resistance to extreme drought and humidity and
supports to accumulation of elements that are toxic to
plants, such as As, Cr, and Pb. Mycorrhizae of the
Glomus genus associated with plants are effective in
absorbing heavy metals, such as Cd, Zn, and Pb (Riaz
et al., 2021). Shallots are the main kitchen spices, so
the demand is quite high. Therefore, efforts to reduce
heavy metal residue on this commodity are interesting
issues to be studied.

This study aimed to investigate chromium
removal, physiological characters, and yield of shallot
(Allium  ascalonicum L.) upon biochar and
mycorrhizae application on chromium-contaminated
soil.

Materials and Methods
Preparation of Cr-contaminated soil medium

The soil medium used in the pot experiment in the
screen house was Cr contaminated Inceptisols taken
from shallot cultivation area in Songgom Village,
Songgom District of Brebes Regency with location
maps of 7.019176926846719 and 108.982348621595.
The soil has a pH of 5.27 and a Cr content of 18.78
ppm. According to the SNI of Indonesia, this Cr
content is above the maximum residual limit of Cr of
5 ppm in soil. The shallot cultivation area is near the
main road to Cirebon, and there are technical irrigation
canals. Composite soil samples were taken with a soil
drill at a depth of 20 cm. The composite soil sampling
method aims to obtain soil in a relatively homogeneous
area (Saraswati et al., 2007).

Preparation of biochar

The biochar used in this experiment was corncob
biochar which is one of the lignocellulosic wastes that
are widely available in Indonesia. Corncob biomass
was put into a furnace and then tightly closed with a
combustion temperature between 100-300 °C for 3-5
hours. After 3-5 hours, the combustion fire was turned
off, and the furnace was allowed to cool for about 12
hours. The biochar was subjected to a refinement
process by sieving (Ratnasari et al., 2020)

Preparation of mycorrhizae and shallot planting

A pot experiment conducted in a screen house was
carried out from April to September 2019 at the
experimental farm of the Faculty of Agriculture,
Jenderal Soedirman University. The altitude of the
experimental farm is 110 m above sea level, the
average daily temperature is 27.5 °C, and the average
daily humidity is 67%. Glomus vesicular-arbuscular
mycorrhizae mixed with zeolite material was used as a
biofertilizer; 1 g of zeolite contained 10 spores of
Glomus. Bima Brebes variety of shallot was planted on
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a polybag with the size of 35 x 40 cm consisting of 10
kg of soil. N, P, and K basal fertilizers were applied
ten days after planting. During the experiment, 500 mL
of water was supplied daily.

Experimental design

The treatments tested consisted of two factors. The
first factor was biochar dosage (B) consisting of four
levels, i.e., BO = without biochar, B1 = 1.2 g biochar
kg of soil, B2 = 2.4 g biochar kg™ of soil, and B3 =
4.8 g biochar kg!' of soil. The second factor was
mycorrhizae inoculation consisting of three levels, i.e.,
MO = without mycorrhizae, M1 = 0.1 g mycorrhizae
kg™! of soil, and M2 = 0.2 g mycorrhizae kg™ of soil.
The twelve treatments were arranged in a randomized
block design with three replications.

Variables observed

Variables observed were plant height, total root length,
root dry weight, plant growth rate, plant net
assimilation rate, leaf chlorophyll, percentage of root
infection, P uptake by plant tissue, Cr in shallot plant
tissue, Cr removal efficiency, number of tubers, and
tuber weight. Chromium content in the plant was
determined by AAS  (Atomic  Absorption
Spectrometer). Removal efficiency (RE) of Cr from
the soil by the plant was calculated using the formula
previously used by Hardiani et al. (2009) as follows:

RE (%) = oC —FMC 1 00%

O6) = — g x100%

where:
RE = removal efficiency
IMC = initial metal concentration in soil
FMC final metal concentration in soil

Data analysis

The data obtained from the observations were
subjected to analysis of variance (ANOVA) to
determine the effect of treatment, followed by the
Duncan Multiple Range Test (DMRT) with a p-value
=0.05

Results and Discussion

The growth and ability of plants to adapt to heavy
metal stress conditions are determined by the supply of
nutrient and soil enhancers. Adequate nutrient
absorption will make plant metabolism good.
Physiological responses and yields of shallots with
biochar and mycorrhizal treatments in soil conditions
contaminated with Cr are shown in Table 1.

Effect of biochar on physiological characteristics
and yield of shallots

Biochar has the ability to soil pollutant removal (Oni
et al., 2019) and improve plant growth, and generally
enhance the root uptake of several elements (Ferreiro
et al., 2015). The effects of biochar on physiological

characters and yields of shallots grown on chromium-
contaminated soil are presented in Table 2. Data of
shoot length, plant growth rate, net assimilation rate,
leaf chlorophyll content, and plant tissue P uptake
indicate that shallot plants can adapt to media
contaminated with chromium.

Table 1. Matrix of analysis results of ANOVA
application of biochar and mycorrhizae on
physiological characters and yield of shallots
on chromium-contaminated soil.

Observed Variables Effect

B M BxM
Plant height S S S
Total Root Length ns ns ns
Root Dry Weight ns ns ns
Crop Growth Rate ns ns ns
Net Assimilation Ratio ns ns ns
Leaf Chlorophyll Content ns ns ns
Percentage of Root S S S
Infection
P uptake by Plant Tissue ns s ns
Chromium content in plant s s ns
tissue
Chromium Removal from s s ns
Soil
Number of tubers per ns ns s
clump
Bulb weight per clump ns ns s

Remarks: B =biochar, M = mycorrhizae, B x M = interaction
between biochar and mycorrhizae inoculation, ns = not
significantly different, s = significantly different on the
ANOVA with a p = 0.05.

Results of the analysis of variance showed that the
application of biochar had no significant effect on
plant growth and physiological aspects such as roots.
According to Cobbett (2000), plant cells respond to
heavy metal stress using various defence mechanisms,
including exclusion, immobilization, chelation, and
compartmentalization of metal ions. According to Liu
and Kotteke (2003), shallot plants can prevent
excessive metal ions from entering the cytosol and can
localize these metal ions in certain areas. lon
compartmentation in the vacuole is a mechanism that
plays an important role in the detoxification process
and tolerance to metal ions. Based on the data
analyzed, In this study, the growth and physiological
characteristics of shallot plants did not experience
significant damage and were able to reach the next
generative phase, namely tuber ripening. Biochar
application significantly affected the accumulation of
chromium in plants and the removal of chromium
from the soil. Planting media that was not applied with
biochar showed the highest accumulation of
chromium in plant tissue at 1.21 ppm, which was
significantly different from the application of 1.2 g
biochar kg™! of soil, which was 1.07 ppm. The addition
of 2.4 g biochar kg™! of soil and 4.8 biochar kg™! of soil
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was not significantly different from the application of
1.2 g biochar kg' of soil; namely, there were
accumulations of chromium of 0.96 ppm and 0.94
ppm, respectively. In this study, the application of
biochar was able to reduce the accumulation of
chromium in plant tissue, but the addition of a higher

dose of biochar did not show a better reduction in Cr
accumulation. According to Irhamni et al. (2018),
heavy metals are carried from the soil through the
roots, and they are then transported through the stele
through the endodermis, then translocated through the
xylem to the plant shoots.

Table 2. Effect of biochar on the physiological character and yield of shallots grown on chromium-contaminated

soil.
Biochar SL SW CGR NAR CC P uptake Cr PT CrR
Treatments (cm) (€9) (gday") (gem?day’) (mgL™") (ppm) (ppm) (%)
0 g biochar 307.29 0.07 0.071 0.040 12.72 139.45 121 a 26.97 a
kg of soil
1.2 g biochar kg~ 296.76 0.06 0.106 0.02 12.55 179.27 1.07b 35.82a
! of soil
2.4 g biochar kg 293.34 0.07 0.145 0.029 12.66 155.47 0.96 bc 50.77b
! of soil
4.8 g biochar kg 334.04 0.06 0.090 0.058 12.48 162.82 094bc 53.34b
! of soil
CV (%) 24.15 15.38 25.4 21.32 14.42 22.07 20.62 16.35

Remarks: Numbers followed by different letters in the same column indicate a significantly different in the DMRT (5%). SL =
Total Shoot Length, SW = Root Dry Weight, CGR = Crop Growth Rate, NAR = Net Assimilation Rate, CC = Leaf Chlorophyll
Content, PU = Plant tissue uptake, Cr PT = Chromium accumulation in plant tissue, Cr R = soil Chromium removal.

Results of this experiment showed that the application
of 2.4 g biochar kg™ of soil and 4.8 biochar kg™!' of soil
had the ability to remove chromium in the soil 50.77%
and 53.34% better than the control. Utilization of
biochar in contaminated soil is to remove the activity
of heavy metal ions (Laoli et al., 2020), stabilize the
metal, and significantly reduce the absorption of heavy
metals (Puga et al, 2015) so that the amount of
chromium absorbed by the roots and translocated
throughout the shallot plant tissue can be reduced.

Effect of mycorrhizae on physiological
characteristics and yield of shallots

The capability of plants to obtain water and nutrients,
such as phosphorus (P), may increase by the existence
of mycorrhizae and subsequently promote the growth
of plants even under heavy metal stress conditions
(Saleh et al., 2021). The effects of mycorrhizae on the
physiological characteristics of shallots grown on
chromium-contaminated soil are presented in Table 3.

Table 3. Effect of mycorrhizae application on the physiological character and yield of shallots on chromium-

contaminated soil.

Mycorrhizae SL SwW CGR NAR CcC P uptake Cr PT CrR
Treatments (cm) (2) (gday") (gem®day') (mgL") (ppm) (ppm) (%)
0 g mycorrhizae 295.40 0.07 0.096 0.048 13.12 13248 a 1.17a 23.76a
kg of soil

0.1 g mycorrhizae 292.52 0.06 0.085 0.044 11.84 167.68 b 0.79b 47.62b
kg! of soil

0.2 g mycorrhizae 335.65 0.07 0.129 0.018 12.80 177.25b 0.71b  56.25c¢
kg of soil

CV (%) 24.15 15.38 254 21.32 14.42 22.07 20.62 16.35

Remarks: Numbers followed by different letters in the same column indicate a significantly different in the DMRT (5%). SL =
Total Shoot Length, SW = Root Dry Weight, CGR = Cropt Growth Rate, NAR = Net Assimilation Rate, CC = Leaf Chlorophyll
Content, PU = Plant tissue uptake, Cr PT = Chromium accumulation in plant tissue, Cr R = soil chromium removal.

Application of 0.1 g mycorrhizae kg™ of soil and 0.2 g
mycorrhizae kg™ of soil had a significant effect on
increasing the P uptake of plant tissue, namely 167.68
ppm and 177.25 ppm, respectively, compared to the
mycorrhizal treatment, which was only able to absorb
P of 132.48 ppm. On the other hand, the application of
0.1 g mycorrhizae kg™! of soil and 0.2 g mycorrhizae
kg™! of soil reduced the accumulation of chromium in

plant tissues by 0.09 ppm and 0.11 ppm, respectively.
On shallot plants that were not applied with
mycorrhizae, the accumulation of chromium had the
highest value of 1.17 ppm. P uptake of plant tissues is
related to the ability of mycorrhizae to infect plant
roots, spore multiplication occurs, and hyphae develop
to reach nutrient sources. Mycorrhizal symbiosis with
plant roots contributes significantly to plant nutrition,
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especially phosphorus absorption (Jefferies et al.,
2003). Mycorrhizae also had the ability to remove
chromium contaminants in soil; application of 0.2 g
mycorrhizae kg™ of soil showed the best treatment,
which can reduce 56.25% chromium contaminant.
AMF hyphae network is very efficient in nutrient
absorption (Plenchette et al., 2005).

Mycorrhizae form extra radical mycelium, which
is extensive to increase the area of root absorption and
phosphorus is immobile so that the element is not
easily absorbed except with the help of hyphae which
release enzymes that break down insoluble P
complexes (Vence et al, 2003). The reduced
accumulation of chromium in plant tissues is due to the
ability of mycorrhizae to mobilize heavy metals in the
rhizosphere by deposition in the soil, adsorption to the
root surface, or absorption and accumulation in the
roots. Research conducted by Audet and Charest
(2006) showed that heavy metal treatment by plants
could accumulate in roots and shoots. Besides that,
hyphae from mycorrhizae are also able to protect the
tip of the root as a place for the absorption of
substances that are toxic to plants (Suharno and
Sancayaningsih, 2013).

Effect of the interaction between mycorrhizae and
biochar on plant height, root infection, and yield of
shallots

Mycorrhizal and biochar treatments showed an
interaction that significantly affected plant height,
percentage of root infection, number of tubers, and
tuber weight. Biochar and mycorrhizal applications
increased plant height and the percentage of root
infection. Table 4 shows that the height of the plants
treated with 0.1 g mycorrhizae kg™ of soil with 1.2 g
biochar kg! of soil, 2.4 g biochar kg of soil, 4.8 g
biochar kg! of soil, and 0.2 g mycorrhizae 10 kg soil!
with 1.2 g biochar 10 kg soil!, 2.4 g biochar kg™ of
soil, 4.8 g biochar kg™! of soil did not show a significant
difference with a plant height range of 33.57-38.07 cm.
However, the treatment was significantly different
from the treatment without mycorrhizal with 4.8 g
biochar kg™ of soil and 0.1 g mycorrhizae kg™ of soil
without biochar, which resulted in plant heights of
32.62 cm and 32.66 cm.

Treatments without mycorrhizal and with 1.2 g
biochar kg™ of soil, 2.4 g biochar kg™ of soil, and 0.2
g mycorrhizal kg! of soil with treatment without
biochar showed no significant difference with the plant
height range of 29.78-31.78 cm. However, the
treatment was significantly different from the
treatment without mycorrhizae and without biochar
which was the lowest plant height, which was 26.81
cm. Rokhminarsi et al. (2019) explained that giving
mycorrhizae had a significant role in increasing plant
P uptake, degree of root infection, P content in the soil,
dry weight of plants, and tended to suppress soil-
available Cd levels and plant Cd uptake. The use of
mycorrhizae at the right dose can increase soil fertility

and maintain environmental balance. According to
Charisma et al. (2012), mycorrhizal activity can
produce organic acids and phosphatase enzymes that
can change P element in the labile zone to be absorbed
by plants. Sasli and Agus (2012) stated that the uptake
of P nutrients increased in the mycorrhizal plant group
compared to the non-mycorrhizal plant group. This is
because mycorrhizae can increase the ability of roots
to reach nutrient sources and dissolve phosphates.
According to Permanasari et al. (2016), the ability of
plants to absorb P is supported by mycorrhizae which
are able to increase nutrient uptake in the soil through
root infection. Mycorrhizae, which are capable of
fixing with roots, are able to help roots absorb nutrients
from the soil. The higher the infection rate, the more
roots that contain mycorrhizae.

Mycorrhizae and biochar treatments showed a
significant interaction effect on the tuber weight
(Table 4). Treatments without mycorrhizae, when
added with biochar, showed significantly different
yields, and the yields increased, ranging from 18.56-
29.76 g. The treatment of 0.1 g mycorrhizae kg! of soil
with biochar had a significant effect. The total weight
increased, ranging from 22.62-29.61 cm. However, the
treatment of mycorrhizal 0.1 g kg™!' of soil on biochar
12 g 2.4 g and 4.8 g kg! of soil did not have a
significant effect, and the treatment without biochar
got the lowest results. Mycorrhizal treatment of 0.2 g
kg'! of soil with the addition of biochar gave an effect
that was not significantly different, with weights
ranging from 25.03-30.69 g. The application of 4.8 g
biochar kg of soil without mycorrhizae gave the
highest yield of shallots (28.40 g), although this value
was not significantly different from other treatments.
The lowest yield of shallots (18.56 g) was observed at
the control treatment (without the application of
biochar and mycorrhizae).

The application of biochar and mycorrhizae
increased plant height. Nurida (2014) reported that the
addition of biochar increased N and P, water holding
capacity of the soil so that biochar could keep nitrogen
from being easily leached out from the soil. According
to Kusuma (2018), the application of biochar and
organic fertilizers had a significant effect on the plant
height of Brahiaria decumbens grass because of the
increase in nitrogen uptake by the plant. Interaction of
biochar and mycorrhizae also can increase the
percentage of root infection. This happens because
biochar can provide P nutrients for plants, and
mycorrhizal fungi can help the process of dissolving P
so that it is more mobile to be absorbed by plants. Putri
et al. (2017) reported that the application of biochar
could increase the available P and total N in soils.
Biochar enhanced rice crop growth and yield at sites
with low availability of phosphorus (Asai et al., 2009).
According to Satriawan and Handayanto (2015),
plants need P for root development, accelerating
flowering and maturation, as well as root and seed
formation.
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Table 4. Effect of interaction of application of biochar and mycorrhizae on plant height, percentage of root

infection of shallots, and yield components.

Treatments Variables
Mycorrhizae doses Biochar Plant height Root Infection =~ Number Weight of
Dosage (cm) Percentage (%) of Tuber Tuber (g)
0 g mycorrhizae kg™ of soil 0 g biochar 26.81d 18.56 d 5.00c 18.56 d
kg! of soil
1.2 g biochar 29.78 ¢ 24310 6410 24310
kg! of soil
2.4 g biochar 31.78 ¢ 2840a 7.28b 28.40 a
kg! of soil
4.8 g biochar 32.62b 29.76 a 9.50 a 29.76 a
kg! of soil
0.1 g mycorrhizae kg™! of soil 0 g biochar 32.66b 2222¢ 7.33b 2222¢
kg! of soil
1.2 g biochar 3417 a 27.03 a 7.72 a 27.03 a
kg! of soil
2.4 g biochar 3397a 28.06 a 8.72 a 28.06 a
kg! of soil
4.8 g biochar 38.07 a 29.61a 8.94 a 29.61 a
kg! of soil
0.2 g mycorrhizae kg™ of soil 0 g biochar 3120 ¢ 25.03a 7.00 b 25.03 a
kg! of soil
1.2 g biochar 33.57a 26.76 a 825a 26.76 a
kg! of soil
2.4 g biochar 34.65a 27.69 a 7.42b 27.69 a
kg! of soil
4.8 g biochar 37.89a 30.69 a 10.78 a 30.69 a
kg! of soil
CV (%) 25,56 22,22 31,74 25,56

Remarks: Numbers followed by different letters in the same column indicate a significant difference based on the DMRT (p =

0,05). CV = coefficient of variation.

P absorbed by plant roots depends on the amount and
availability of P in the soil. The great contribution of
the AM to plant growth and crop production in the
tropics has been reviewed by Naher, Othman, and
Panhwar (2013). However, among horticulture crops,
allium species are more sensitive to AM application
due to their less growth root system, thus causing low
absorption capability of soil nutrients (Golubkina et
al., 2020). The increase in growth and absorption of P
was probably because of the work of mycorrhizal
hyphae in reaching and dissolving P in the soil. This
process made the plants metabolize well, and the
photosynthate produced was distributed in tubers to
increase the weight and number of tubers.

Conclusion

The condition of chromium heavy metal stress of
18.78 ppm in soil media did not affect the
physiological characteristics and growth of shallot
plants. Still, it is necessary to pay attention to the safety
of agricultural commodities consumed and efforts to
reduce heavy metal residues in foodstuffs. The
application of 2.4 g biochar kg™ of soil could reduce

the accumulation of chromium in shallot plant tissues
by 20.66% and remove soil chromium content by
50.77%. Mycorrhizae application could increase P
uptake by plant tissue by 26.57%, decrease chromium
uptake by 32.47%, and remove 56.25% of chromium
from the soil. The interaction between 1.2 g biochar
kg of soil and 0.1 g mycorrhizae kg of soil could
increase plant height and percentage of root infection,
number of tubers, and tuber weight of shallot
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