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ABSTRACT

Chromium isaheavy metal that istoxic, bioaccumulative, persistent, and cannot be decomposed
in the environment. The Cr® ion is a chromium ion that has the highest toxicity among other

chromiumions, soitspresencein theenvironment ishazardousfor plants, animals, and humans.

Sulfur is an essential element for plants, whose presence can reduce Cr®* concentrationsin the
terrestrial environment by inhibiting the uptake of Cr® by plants. Tagetes erecta is a
bioremediation agent plant that can remediate land polluted with Cré waste. In this research,

we studied the growth of T. erecta in media polluted with Cr® and sulfate and its ability to
accumulate of Cr®. Several parameters observe in this experiment, i.e. growth parameters,

namely plant height, number of leaves, number of flowers measured at the end of the study, dry
weight, root length, and Cr®" concentration estimated using the diphenylcarbasid method. The
results showed that the plant height of T. erecta. was not significantly different, and sulfate
addition did not affect plant height. The addition of sulfate affected the number of leaves and

flowers, dry weight of root shoots, root length, and Cré* content in T. erecta. polluted with Cr¢*,

so that in these parameters, there was a significant difference in the addition of Cr¢* and sulfate
on growth of T. erecta and its ability to Cr accumulation.

Keywords: Cr®, sulfate, bioaccumulation, Tagetes erecta
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INTRODUCTION

Chromium isone of the heavy metalswhose
presence is hazardous to the environment
because it has toxic, bioaccumulative,
persistent properties and is unable to be
bound inthe background, and can accumul ate
in the human body through the food chain
(Tyaetd., 2016). The presenceof chromium
as a pollutant can be found in all phases of
the environment, including water, soil, and
air. Thewood tanning industry isthe industry
that has the most significant contribution to
Cr pollution in soil and water (Ramana et
al., 2012). In addition, there are many other
industries, such as rubber, cable, battery,
metdlurgy, e ectroplating, paint and pigment
production, and Cr chemical production
which are the cause of the increasing Cr
pollutant (Nuraini et a., 2017)

The toxicity of chromium metal is highly
dependent on its chemical stability. Among
all the oxidation states of chromium, Cr3*
and Cr® are the most stable in aquatic and
terrestrial environments (Augustynowicz
et al., 2010). CF* hashigh solubility anditis
apotent oxidizing agent (Rahman et ., 2007),
while Cr® has low solubility, so it can be
seen that Cr®* ions have higher toxicity than
Cr¥*ions(Armadi and Oktavian 2009). Due
tothestablenatureof Cr3* and Cré*, thiscauses
plants easily absorb Cr3* and Cr®. The
absorption of Cr® by plantsismorethan Cr3*
because Cr?* isabsorbed passively through
cation exchange sites in plant cell walls
(Xu et al., 2021), while Cf* enters plant
cells under sulfate transporters (Singh et
al., 2013), where it occurs through the
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mediation of an active process that requires
themetabolic energy provided by thehydrolysis
of ATP. Thegrowth and devel opment of plants
can generdly be disrupted by chromium. The
toxic properties of chromium can cause
decreased plant growth, changes in water
content in leaves, damageto theroot system
(Schiavon et al., 2008), reduced biomass
production, oxidative stress, changes in
chloroplast structure, degradation of
photosynthetic pigments, and reduced
catalytic activity of antioxidant enzymes
(Coelho et al., 2017). Several factors affect
the storage and transl ocation of Cr in plants,
including the length of exposure and the
presence of other elements.

Sulfur isone of theelementsthat significantly
affect the process of Cr absorptionin plants.
According to research (Kulczycki and
Sacala, 2020), it wasfound that the gpplication
of element S can be an effective strategy to
reduce side effects in plants grown in Cr-
contaminated soil. The application of S
significantly increasestota biomassproduction
and reduces Cr content in rice plants and
maize, this is because the S element is not
only an essentia nutrient for plants but S
element also playsarole in the mechanism of
response and tolerance to biotic and abiotic
stresses in the environment. According to
Schiavon et al. (2008), the entry of Cr into
plantsinvolves sulfate transporters sulfateis
atransporter in the process of accumulation
of Cr, thisisbecause sulfate has achemical
structuresimilar to Cr sothat it can bereduced
to bind and detoxify metals and metalloids
(Freeman et al, 2004).In responding to
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environmental pollution by Cr at thistime,
itisnecessary to have aremediation process
for land polluted with Cr waste so that Cr-
polluted land can be reused. Several ways
can be done, one of whichisby using plants
that can tolerate land polluted by Cr waste
and can also act as an accumulator for Cr.

T. erecta (African marigol d) i sadicotyledonous
plant from the Asteraceae family and the
Tagetes genus and can be a source of
biological compounds(Coelho et al., 2017).
Thisplant hasthelocal namekenikir, which
isusually used as an ornamental plant. The
current useof T. erectaisnot only an ornamenta
plant but also benefits detoxifying heavy
metasinthesoil. T. erectaisaplant with fast
growth, high biomass production, a sound
root system, and the ability to accumulate and
tolerate various heavy metals (Clemens
et al.,2002). T. erecta can be used as a
phytoremediation agent for land polluted by
Cr. Theresearch of Meitiniarti et a. (2022),
found three types of bacteria from the
rhizosphere of T. erecta. that were resistant
and reduced Cr®. Research Intansari et al.
(2021), stated that the roots and shoots of
theT. erecta. plant could accumul ate 0.0992
mg L-1 and 0.072 mg L-1 Cr® in the
growing media (soil and compost). This
study aims to determine the growth of T.
erectain Cr® polluted mediaand its abiltity
to accumulate of Cr*.

RESEARCH METHODS

The research was conducted at the
Biochemistry Laboratory, Faculty of Biology,
Satya Wacana Christian University. The
materials used in this study included T.

erecta plant seeds(2-3weeksold) and planting
media (mixture of soil and compost 1:1).

The seeds and planting mediawere obtained

in the Kopeng area, Semarang Regency,

Central Javaprovince. Thetoolsusedinthis
study includean ovento dry plantsand aUV-

Vis spectrophotometer to measure Cr®*

concentrations. The study was conducted

experimentdly usngacompletely randomized

design (CRD) with two treatment factors,

namely chromate with three concentrations,

namely CO, C1 (50mgL?),C2 (100 mg L),

and sulfate with three concentrations of SO

(OmM L%, S1 (1 mM L%, S2 (2mM LY.

Each treatment with four replications, so the
total sample used was 36 (Table 1).

Table1 Experimentd designwith Cr® and SO > trestments

Cr6+(mgL) S04% (MM L) treatments
0 (CO0) C0s0 CO0Ss1 C0Ss2
50 (C1) C10 cis1 C1S2
100 (C2) C230 C2S1 C232

1. Preparation of T. erecta seedlings
Forty seedlings of T. erecta aged 2-3 weeks
were obtained from Kopeng Village,
Getasan District, located at the coordinates
of -7.376397U South Latitude (LS) and
110.440711U East Longitude (BT). T. erecta
seedlingswere planted in polybags containing
amixture of soil and compost (1:1) asmuch
as 0.5-1 kg and acclimatized for seven days
to stabilize plant growth before being treated
with chromate and sulfate.

2. Preparation of thetreatment solution
Preparation of sulfateand chromate solutions
according to the concentration treatment for
chromate 0 (C0), 50 mg L* (C1), and 100
mg L (2) and for sulfate 0 (SO), 1 mM L1
(S1) and 2 mM L* (S2). The chromate

47



AGRIC Vol. 35, No. 1, Juli 2023: 45-60

solution of 50 mg L (C1) was made by
dissolving 0.186 grams of K,CrO, in 1 liter
of distilled water whilefor 100 mg L1 (C2)
chromate solution as much as 0.373 grams
of K,CrO, wasdissolvedin 1liter of distilled
water. A sulfate solution with aconcentration
of 1 mM L(S1) was prepared by dissolving
0.121 gramsof MgSO,, and aconcentration
of 2 mM L by dissolving 0.241 grams of
MgSQO, in 1 liter of distilled water. Each
plant was watered with as much as 30 ml of
sulfate and chromate solution with the
treatment asshown in Table 1 and the sulfate
and chromate treatment was carried out
simultaneously once a week.

3. Plant Growth Maintenance
Theplantsgrowth of T. erectawasmaintained
until the end of the study (8 weeks after the
initial treatment solution was given), by
watering with 50 mL of distilled water every
day for each polybag, except when the
treatment solution was applied. Plants are
planted in aplace exposed to direct sunlight.
Control of pests and diseases, if any, is
carried out mechanicaly.

4. Parameter measurement and data
analysis

The parameters measured included plant
growth and Cr® content in the roots and
shoots of T. erecta. The plant growth
including plant height, root length, number
of leaves, number of flowers, and root and
shoot dry weight of T. erecta was measured
at the end of the reasearch.

Determination of Cré* content in the roots
and shoots of T. erecta using the
diphenylcarbasid method according to
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Gheju et al. (2009) with modifications. The
preparation of plant samples used the dry
ashing method by washing therootsand shoots
of the plants thoroughly and drying them in
the oven for 48 hoursat 80°C. Thedried root
and leaf samples were then crushed and
incinerated using a furnace at 600°C for 6
hours. A total of 0.2 g of sample was used
to mix with asolution of 2M HCl and 1 M
HNO, with aratio of 1:1. The sample was
filtered until clear, and the filtrate was put
into a10 mL volumetric flask then distilled
water was added to avolume of 10 mL. The
filtrate was then used to measure the Cr%
content by taking 2.5 mL of thefiltrate added
5 drops of concentrated H,SO, and 0.1 mL
of 5% diphenylcarbasid solution, incubated
for 15 minutes. The absorbance measurement
of Cr® content wasmeasured at awavel ength
of 540 nmusing aUV-V IS spectrophotometer.
The Cr®* content was calculated using the
standard Cr®* curve.

Theresearch datawere statistically analyzed
usingatwo-wayANOVA with SAS (Statistica
Analysis System) version 9.1.3 to determine
the effect of treatment on the parameters
measured, followed by Tukey’s Studentized
Range (HSD) test to compare the means of
all treatments. Statistical significance was
considered at P < 0.05. All datareported in
this research are mean of four replicates

RESULTSAND DISCUSSION

Theeffect of Cr and sulfateon thegrowth
of T. erecta

The combination of Cr¢* and sulfate in the
growing media has a significant effect on
plant growth. The growth of T. erecta
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showed adifferent responseto the application
of Cr¢ and sulfate. The addition of sulfate
had asignificant effect on root length, number
of leaves and flowers, dry weight of roots
and shoots and Cr® content of roots and
shoots, but had no significant effect on the
height of T. erecta grown on media
containing Cré*.

Although the combination of Cr® and
sulfate did not have a significant effect on
plant height, plants treated with Cré* 50 mg
L* and control showed a decrease in plant
height with increasing concentrations of
sulfate applied to T. erecta growing medium
(Figurel). T. erecta treated with the highest
Cr¢* concentration of 100 mg L* with the
sulfate addition of OmM L*and 1 mM L*
showed an increase in plant height but not
significantly. Theseresultsindicated that the
addition of 2 mM L sulfate was able to
increase the tolerance of T. erecta to Cr®
stress at a concentration of 100 mg L, so

that it could maintain its growth and devel op-
ment. Sulfates are reported to be important
for plantsin dealing with heavy metal stress.
Sulfateisnot only an essential plant nutrient
but isalsoinvolved in response mechanisms
and tolerance to various heavy metal stress
conditions (Kulczycki and Sacala, 2020).
The application of sulfur in the form of
sulfate and fertilizers containing S was
reported to increase plant height or shoot
length in Brassica napus under chromium
stress conditions (Jahan et a., 2015) and
Solanum nigrumunder Cd stress conditions
(Alatawi et ., 2022).

The combination of sulfate and chromate
treatments had a significant effect on the
number of leaves of T. erecta (Figure 2).
Increasing levels of Cr (50 and 100 mg L)
in the growth medium reduced the number
of leaves compared to control plantswithout
Cr treatment. The addition of sulfate in the
growing medium significantly increased the
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Figure 1. Plant height of T. erecta with combination treatment of Cr® in the form of K,CrO,(Cr0=0mg L,
Cr50 =50 mg L-1, and Cr100 = 100 mg L-1) and SO,* in the form of MgSO, (S0O=0mM L™, S1=1mM L™,
and S2 =2 mM L. Thevertical bar on the column represent +SD, the same | etter in column indicate were not
significantly different at the 5% level of Tukey’s test (n=4).
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Figure 2 The number of leaves T. erecta with combination treatment of Cr®* in the form of K,CrO,(Cr0=0mg
L%, Cr50 =50 mg L-1, and Cr100 = 100 mg L-1) and SO, in the form of MgSO, (S0=0mM L*, S1=1mM
L1, and S2=2mM L. The vertical bar on the column represent +SD, the same letter in column indicate were
not significantly different at the 5% level of Tukey’s test (n=4)

number of leaves in plants that were given
Cr at high concentrations (100 mg L)
compared to plants without the addition of
sulfate in the growing medium (SOCr100).
The number of leaves on the control plants
and those given 50 mg L Cr decreased
significantly when the sulfate was added at
different concentrations, except for the
control plants when the sulfate was added
at 1 mM L2 Control plants that were given
the addition of 1 mM L sulfate showed the
highest number of |eaves compared to plants
with other treatments. Cr was reported to
indirectly affect plant leaf parts, the presence
of Cr (VI) greatly affected plant leaves,
yellowing and wilting dueto loss of petiole
turgor, and reduced the number and size of
leaves (Saleem et al., 2022). Dube et al.,
(2009), reported that Cr exposure affected
the decrease in the number of leaves of the
carrot plant. Theaddition of sulfur-fertilizer
was reported to increase the number of
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leaves of Solanum nigrum under Cd stress
conditions (Alatawi et al., 2022). Kulczycki
and Sacala (2020) reported that wheat’s
tolerance to Cr stress increased due to the
addition of sulfur. The greater tolerance to
Cr may be related to the high concentration
of Sinwheat. Under heavy metal stress, the
essential nutrient sulfur is very important
because of itsrole in detoxification.

Theroot length of T. erectawas significantly
affected by the combination of Cr® and
sulfate treatment. The addition of sulfate of
1mM Ltand2mM L1significantly reduced
root length in control plants (without Cr*)
and plantsgiven Cr®* of 50 mgL*, compared
to plantsthat were not given sulfate (SOCr0
and SOCr50). In contrast, the root length of
plantstreated with high Cré* concentrations
(100 mg L) increased significantly with the
addition of 1 mM L*and 2 mM L* sulfate
treatment (Figure 3).
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Figure 3. Theroot length of T. erecta with combination treatment of Cr** in the form of K,CrO,(Cr0=0mg L
!, Cr50=50mg L-1, and Cr100 = 100 mg L-1) and SO,* inthe form of MgSO, (S0=0mM L*, S1=1mM L
1 and S2 =2 mM L1). The vertical bar on the column represent £SD, the same letter in column indicate were
not significantly different at the 5% level of Tukey’s test (n=4).

These results indicate that under high con-
centrations of Cré* stressthe addition of sul-
fate can increase the tolerance of T. erecta
by increasing root growth, especially root
lenght (Figure 4). The roots play arole in
Cr uptake because they are the main organs
for nutrient absorption, so they are also the
main siteof Cr toxicity in plants. Cr®* of 2.5
mg L wasreported to reducetheroot length

of Pistia stratiotes (Kakkalameli et al.,
2018). A decrease in root length due to Cré*
stress of 6, 12, 18, and 24 mg kg* was also
reported in wheat (Triticum aestivum)
(Ghani et a., 2015). The decrease in root
length of Brassica napus sprouts due to Cr
treatment of 40 and 160 ppm was reported
by Jahan et al. (2015), and the decrease in
root length in Glycine max was reported by

Figure 4. Theroot of Tagetes erecta with combination treatment of Cr®* in the form of K,CrO, (Cr0=0
mg L*, Cr50 =50 mg L-1, and Cr100 = 100 mg L-1) and SO, in the form of MgSO, (S0=0mM L, S1
=1mMLYandS2=2mM L.
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Amin et al. (2014). Cr affects root growth
as aresult of inhibiting division and elon-
gation of cell roots. The increase in root
length due to the addition of sulfate in T.
erecta growing medium under Cr®* stress of
100 mg L-1 may be due to increased cell
division and e ongation in theroot meristem-
atic region by sulfate (Chandel et al., 2002;
Jahan et a., 2015).

The effect of the combination of Cr®* and
sulfate treatment on the number of flowers
showed the same pattern asthe effect on the
number of leaves of T. erecta. The combi-
nation of Cr® and sulfate treatment signifi-
cantly affected the number of flowers of T.
erecta (Figure 5). The number of flowers
on control plantsand those treated with Cré*
of 50 mg L-1 decreased as the concentra-
tion of sulfate added to the growing medium
increased, except for control plants (with-
out Cr¢) with 1 mM L sulfate (S1Cr0)
which showed the highest number of flow-

ers (about 5 flowers/plant).

Floweringisaplant responseto heavy metal
stress. It has been reported by Aravindhan
(2019) that exposure to Cr and Pb metals
had an impact on increasing the number of
flowers even though the flower size pro-
duced wasmuch smaller than theflower size
under Pb exposure.Figure 6 showsT. erecta
plants and flowersformed in responseto Cr
stressand the addition of sulfatein the grow-
ing medium. In contrast to the result of this
research, Ramanaet a. (2013) reported that
the application of Cr to other plants (Aster
novibelgii, Dahlia sambucifolia, Calendula
officinalis, and Chrysanthemum indicum)
inhibited flower formation. Based on the
research of Attanasova and Zapryanova
(2014) on Salvia splendenswasreported that
exposure to a number of heavy metals (Pb,
Cu, and Zn) resulted in delayed flowering
and amuch shorter flowering period and the
flowers produced was very small and dam-
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Figure 5. The number of flowers T. erecta with combination treatment of Cr®* in the form of
K,CrO,(Cr0=0mg L, Cr50=50mgL-1, and Cr100 = 100 mg L-1) and SO,* in the form of
MgSO, (S0=0mM L™, S1=1mM L* and S2=2mM L™*). The vertical bar on the column
represent +SD, the same letter in column indicate were not significantly different at the 5%

level of Tukey’s test (n=4).
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Figure6. The plant growth of T. erecta on mediawith combination treatments of Cr** in the form of K.CrO,
(Cr0=0mg L™, Cr50=50mg L, and Cr100 = 100 mg L*) and SO,* inthe form of MgSO, (S0=0mM L™,

Sl=1mML%YandS2=2mM L?).

aged. Mansour et a., (2015) reported that
exposure to heavy metal Cd had a signifi-
cant negative effect on the number of T.
erecta flowers. This may indicate that T.
erectaisableto tolerate the presence of Cré*
and produce flowers in response. On the
other hand, the presence of sulfate inhibits
the absorption of Cr¢, so the presence of
sulfate can suppress plant stress conditions
due to Cr®* toxicity (Xu et al., 2021).

T. erecta biomass determined based on the
dry weight of roots and shoots showed
different responses to the combination of
Cr¢* and sulfate treatments. Root and shoot
dry weight weresignificantly affected by the
combination of Cr® and sulfate treatment.
Theroot dry weight of control plantswithout
Cré and those given Cr® of 50 mg L-1
significantly decreased with increasing
concentration of sulfategiveninthegrowing

medium. In contrast, the root dry weight of
T. erecta plants treated with Cré" of 100 mg
L-tincreased significantly with the addition
of 1 mM L*and 2 mM L* sulfate in the
growing medium (Figure 7). The greatest
Cré* stresseffect on root dry weight reduction
was shown in the Cr¢* treatment of 100 mg
L1, Meanwhile, plants treated with Cr®* of
50 mg L* without the addition of sulfate
showed the highest root dry weight of 0.69
0, when compared to other treatments.

The combination of Cr® and sulfate
treatment showed a significant effect on
shoot dry weight. Cr® 100 mg L-1 had a
greater effect on the dry weight of plant
shoots than Cr® 50 mg L-1 for all
concentrations of sulfates given. Control
plants (without Cr¢*) and those given 50 mg
Lt Cr®* without sulfate and with 1 mM L™
sulfate showed the highest shoot dry weight,
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Figure 7. The root dry weight of T. erecta with combination treatment of Cr® in the form of
K,CrO,(Cr0 = 0 mg L*, Cr50 = 50 mg L-1, and Cr100 = 100 mg L-1) and SO,* in the form of
MgSO, (S0 =0 mM L%, S1 =1 mM L*, and S2 = 2 mM L"). The vertical bar on the column
represent +SD, the same letter in column indicate were not significantly different at the 5%

level of Tukey’s test (n=4).

where asin the sulfate treatment of 2mM L™,
shoot dry weight decreased significantly
(Figure 8). The shoot dry weight of plants
treated with Cré 100 mg L showed no
significant difference for all sulfate
treatments, but shoot dry weight was lower
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was found in plants treated with 50 mg L*
Cré and 2 mM L™ sulfate, with ashoot dry
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Figure 8. The shoot dry weight of T. erecta with combination treatment of Cr®* in the form of K CrO,
(Cr0=0mg L™, Cr50 =50 mg L-1, and Cr100 = 100 mg L-1) and SO,* in the form of MgSO, (S0 =
OmM L S1=1mM L? and S2=2mM L1). Thevertical bar on the column represent +SD, the same
letter in column indicate were not significantly different at the 5% level of Tukey’s test (n=4).



Effect Interaction of Sulfate (SO,*) dan Chromate (CrO,*) on Growth and CR®* Accumulation in Tagetes erecta L.

| GabriellaL. Mataradja & Sri Kasmiyati

The high concentrations of Cr®* reduced the
dry weight of T. erecta roots and shoots.
According to Sundaramoorthy et al. (2010)
absorption and accumulation of Cr¢* by
plants will reduce plant biomass because
Cr¢* is toxic and inhibits the processes of
carbohydrate and nitrogen metabolism, and
reduces protein synthesis. Singh et al.,
(2020) reported that high concentrations of
Cr¢ affected thetotd dry biomassof the Cicer
arietinum. Ramana et d (2013) reported the
effect of Cr stress on reducing biomass in
various types of plants (Aster novibelgii,
Dahlia sambucifolia, Calendula officinalis,
and Chrysanthemum indicum. Based on the
results of the study, it was shown that Cré*
stresshad agreater effect onroot dry weight
than shoot dry weight of T. erecta. Chitraprabha
and Sathyavathi (2018) reported a greater
reduction in root dry weight than shoot dry
weight of T. erecta under Cr stressconditions
originating from electroplating industrial
waste. Santana, et al (2012) reported that the
root and shoot dry weight of Genipa
americana decreased significantly under the
Cr®* stress condition. Based on the results
of the research of Kulczhicky and Sacala
(2020) was reported that the application of
S-fertilizer helps rice and corn plants to
maintain biomassunder Cr stress conditions.

In this study, increasing sulfate tends to
decrease the root and shoot biomass of T.
erecta. Adequate fertilization with mineral
fertilizers such as sulfur is essential for
plants that are under heavy metal stress
conditionsincluding Cr®. Sulfur isnecessary
for proper plant growth and devel opment.
Asidefrom being aregulator, sulfur also has

adefensefunctioninresponseto environmenta
stress and participates in the biosynthesis of
some defense metabolites. Cysteine is a
sulfur-containing amino acid that has a
centrd roleinthe heavy metal detoxification
process, because it is used to synthesize
glutathione, phytoche atins, and metdlothioneins
(Kulczhicky & Sacaa, 2020).

Cr content in the roots and shoots of
Tagetes erecta

The Cr® treatment combined with the
addition of sulfate in the T. erecta growing
medium significantly affected the Cr®*
content in the roots and shoots. The Cré*
content in the roots is higher than in the
shoots. The Cr* content in the roots showed
significant differences between treatments
(Figure 9). The Cr®* treatment of 50 mg L*
and the control without Cr®* treatment
combined with three sulfate concentration
treatments significantly increased the Cré*
content in T. erecta roots. Meanwhile, the
Cr& treatment of 100 mg L and the addition
of 1 mM L* sulfate (Cr100S1), caused a
significant decrease in the Cr® content of
the roots. The highest Cr®* content in the
rootsof T. erecta was shown at the treatment
concentrations of Cré 50 mg L* and 100
mg L with the addition of 2 mM L sulfate
of 0.020 mg.

The Cr® content of the shoots showed a
different pattern from the Cré* content of the
roots (Figure 10), and the Cr® content in
the shoots was lower than that of the roots
for adl treatments. Plantsthat were under Cr¢*
stress (50 mg L* and 100 mg L 1) had higher
shoot Cr® content than control plants. A
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Figure 9. Cr® content of root T. erecta with combination treatment of Cr®* in the form of
K,CrO,(Cr0=0mgL*, Cr50=50mgL-1, and Cr100 = 100 mg L-1) and SO,* in the form
of MgSO, (S0=0mM L*, S1=1mM L*, and S2 =2 mM L™). The vertical bar on the
column represent £SD, the same letter in column indicate were not significantly different at

the 5% level of Tukey’s test (n=4).

significant decrease in the Cr® content of
shootswasfound in plantstreated with Cré*
of 100 mg L for all sulfate applications. A
significant increase in the Cr¢ content of
shootswasfound in plantstreated with Cr6+

of 50 mg L with the addition of 1 mM L*
and 2 mM L™ sulfates. The control plants

without Cr and sulfate (Cr0S0) showed the
highest Cré* content of 0.009 mg.

Cr is the most immobile element in plant
roots compared to other heavy metals. Many
studies have reported that the most
accumulation of Cr occurs in the roots
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Figure 10. Cr®* content of shoot T. erecta with combination treatment of Cr® intheform of K. CrO,
(Cr0=0mgL", Cr50=50mgL-1, and Cr100 = 100 mg L-1) and SO, inthe form of MgSO, (S0
=0mM L% S1=1mM L*?, and S2=2mM L. Thevertica bar on the column represent +SD, the
same letter in column indicate were not significantly different at the 5% level of Tukey’s test (n=4).
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compared to other parts of the plant (Shahid
etal., 2017). Ramet al. (2019) reported that
Cr accumulation was higher inrootsthan in
shootsinNapier hibrida, and Cr accumulation
inroots and shootsincreased with increasing
concentrations of Cr® in the soil, and the
maximum increase occurred at the highest
concentrations. Cr wasfound to accumulate
in roots compared to leaves and stems
(Srivastava et al., 2021).

Cr is structurally similar to sulfate and the
interaction between the two mineral
elements is antagonistic (Ulhassan et al.,
2019). The availability of sulfate in the
growing medium minimizes Cr®* uptake by
plants (Oliveira, 2012), because uptake of
Cr®* by plant cells has been reported to occur
viasulfate carriers (membrane transporters)
(Singh et a., 2013). However, based on the
resultsof Olivieraet al. (2016) reported that
Cr¢* did not reduce sulfur concentrationsin
Pteris vittata, possibly the plant roots
absorbed sulfur faster than Cr¢*. Thefact that
Cr® does not affect sulfur concentrations
suggests that sulfate may not compete with
Cré uptake and translocation or that P.
vittata possesses aunique sulfate transporter
that does not compete with Cr®* uptake.

CONCLUSIONS

Based on theresults of research that hasbeen
carried out, it can be concluded theinteraction
of Cr¢* and sulfate did not have asignificant
effect on plant height in Tagetes erecta but
gave significantly different results on the
number of leaves and flowers, dry weight
of roots and shoots, root length, and Cr
content in shoot and root of Tagetes erecta.

Theapplicationof 1mM L-1and2mM L-1
sulfate was able to increase plant height,
number of leaves, root length, number of
flowers, root dry weight, and Cr®* content
of T. erectarootsunder Cr¢* stress conditions
of 100 mg L. T. erecta plant roots grown
on Cr polluted media of 50 mg L* and 100
mg L* accumulated Cr® greater than the
shootsat all concentrationsof sulfate applied.
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