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ABSTRACT

Chromium  is a heavy metal that is toxic, bioaccumulative, persistent, and cannot be decomposed
in the environment. The Cr6+ ion is a chromium ion that has the highest toxicity among other
chromium ions, so its presence in the environment is hazardous for plants, animals, and humans.
Sulfur is an essential element for plants, whose presence can reduce Cr6+ concentrations in the
terrestrial environment by inhibiting the uptake of Cr6+ by plants. Tagetes erecta is a
bioremediation agent plant that can remediate land polluted with Cr6+ waste. In this research,
we studied the growth of T. erecta in media polluted with Cr6+ and sulfate and its ability to
accumulate of Cr6+. 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 Cr6+ 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 Cr6+ content in T. erecta. polluted with Cr6+.
so that in these parameters, there was a significant difference in the addition of Cr6+ and sulfate
on growth of T. erecta and its ability to Cr accumulation.
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INTRODUCTION

Chromium is one of the heavy metals whose

presence is hazardous to the environment

because it has toxic, bioaccumulative,

persistent properties and is unable to be

bound in the background, and can accumulate

in the human body through the food chain

(Tya et al., 2016). The presence of chromium

as a pollutant can be found in all phases of

the environment, including water, soil, and

air. The wood tanning industry is the 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,

metallurgy, electroplating, paint and pigment

production, and Cr chemical production

which are the cause of the increasing Cr

pollutant (Nuraini et al., 2017)

The toxicity of chromium metal is highly

dependent on its chemical stability. Among

all the oxidation states of chromium, Cr3+

and Cr6+ are the most stable in aquatic and

terrestrial environments (Augustynowicz

et al.,  2010). Cr6+ has high solubility and it is

a potent oxidizing agent (Rahman et at., 2007),

while Cr3+ has low solubility, so it can be

seen that Cr6+ ions have higher toxicity than

Cr3+ ions (Armadi  and Oktavian,  2009). Due

to the stable nature of Cr3+ and Cr6+, this causes

plants easily absorb Cr3+ and Cr6+. The

absorption of Cr6+ by plants is more than Cr3+

because Cr3+  is absorbed passively through

cation exchange sites in plant cell walls

(Xu et al.,  2021), while Cr6+ enters plant

cells under sulfate transporters (Singh et

al.,  2013), where it occurs through the

mediation of an active process that requires

the metabolic energy provided by the hydrolysis

of ATP. The growth and development of plants

can generally be disrupted by chromium. The

toxic properties of chromium can cause

decreased plant growth, changes in water

content in leaves, damage to the root 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 translocation of Cr in plants,

including the length of exposure and the

presence of other elements.

Sulfur is one of the elements that significantly

affect the process of Cr absorption in plants.

According to research (Kulczycki and

Sacala, 2020), it was found that the application

of element S can be an effective strategy to

reduce side effects in plants grown in Cr-

contaminated soil. The application of S

significantly increases total biomass production

and reduces Cr content in rice plants and

maize, this is because the S element is not

only an essential nutrient for plants but S

element also plays a role 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

plants involves sulfate transporters sulfate is

a transporter in the process of accumulation

of Cr, this is because sulfate has a chemical

structure similar to Cr so that it can be reduced

to bind and detoxify metals and metalloids

(Freeman et  al.,  2004). In responding to



47

Effect Interaction of Sulfate (SO
4

2-) dan Chromate (CrO
4

2-) on Growth and CR6+ Accumulation in Tagetes erecta L.
| Gabriella L. Mataradja & Sri Kasmiyati

environmental pollution by Cr at this time,

it is necessary to have a remediation process

for land polluted with Cr waste so that Cr-

polluted land can be reused. Several ways

can be done, one of which is by using plants

that can tolerate land polluted by Cr waste

and can also act as an accumulator for Cr.

T. erecta (African marigold) is a dicotyledonous

plant from the Asteraceae family and the

Tagetes genus and can be a source of

biological compounds (Coelho et al., 2017).

This plant has the local name kenikir, which

is usually used as an ornamental plant. The

current use ofT. erecta is not only an ornamental

plant but also benefits detoxifying heavy

metals in the soil. T. erecta is a plant 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. The research of Meitiniarti et al. (2022),

found three types of bacteria from the

rhizosphere of T. erecta. that were resistant

and reduced Cr6+. Research Intansari et al.

(2021), stated that the roots and shoots of

the T. erecta. plant could accumulate 0.0992

mg L-1 and 0.072 mg L-1 Cr6+ in the

growing media (soil and compost). This

study aims to determine the growth of T.

erecta in Cr6+ polluted media and its abiltity

to accumulate of Cr6+.

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 (2-3 weeks old) and planting

media (mixture of soil and compost 1:1).

The seeds and planting media were obtained

in the Kopeng area, Semarang Regency,

Central Java province. The tools used in this

study include an oven to dry plants and a UV-

Vis spectrophotometer to measure Cr6+

concentrations. The study was conducted

experimentally using a completely randomized

design (CRD) with two treatment factors,

namely chromate with three concentrations,

namely C0, C1 (50 mg L-1), C2 (100 mg L-1),

and sulfate with three concentrations of S0

(0 mM L-1, S1 (1 mM L-1), S2 (2 mM L-1).

Each treatment with four replications, so the

total sample used was 36 (Table 1).

Cr6+ ( mg L-1)
treatments

SO4
2- (mM L-1) treatments

0 (S0) 1 (S1) 2 (S2)
0  (C0) C0S0 C0S1 C0S2

50  (C1) C1S0 C1S1 C1S2
100 (C2) C2S0 C2S1 C2S2

Table 1Experimental design with Cr6+ and SO
4
2- treatments

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 -7.376397Ú South Latitude (LS) and

110.440711Ú East Longitude (BT). T. erecta

seedlings were planted in polybags containing

a mixture of soil and compost (1:1) as much

as 0.5-1 kg and acclimatized for seven days

to stabilize plant growth before being treated

with chromate and sulfate.

2. Preparation of the treatment solution
Preparation of sulfate and chromate solutions

according to the concentration treatment for

chromate 0 (C0), 50 mg L-1 (C1), and 100

mg L-1 (2) and for sulfate 0 (S0), 1 mM L-1

(S1) and 2 mM L-1 (S2). The chromate
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solution of 50 mg L-1 (C1) was made by

dissolving 0.186 grams of K
2
CrO

4
 in 1 liter

of distilled water while for 100 mg L-1 (C2)

chromate solution as much as 0.373 grams

of  K
2
CrO

4
 was dissolved in 1 liter of distilled

water. A sulfate solution with a concentration

of 1 mM L-1 (S1) was prepared by dissolving

0.121 grams of MgSO
4
, and a concentration

of 2 mM L-1 by dissolving 0.241 grams of

MgSO
4
 in 1 liter of distilled water. Each

plant was watered with as much as 30 ml of

sulfate and chromate solution with the

treatment as shown in Table 1 and the sulfate

and chromate treatment was carried out

simultaneously once a week.

3. Plant Growth Maintenance
The plants growth of T. erecta was maintained

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 a place exposed to direct sunlight.

Control of pests and diseases, if any, is

carried out mechanically.

4. Parameter measurement and data
analysis

The parameters measured included plant

growth and Cr6+ 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 Cr6+ content in the roots

and shoots of T. erecta using the

diphenylcarbasid method according to

Gheju et al. (2009) with modifications. The

preparation of plant samples used the dry

ashing method by washing the roots and shoots

of the plants thoroughly and drying them in

the oven for 48 hours at 80oC. The dried root

and leaf samples were then crushed and

incinerated using a furnace at 600oC for 6

hours. A total of 0.2 g of sample was used

to mix with a solution of 2 M HCl and 1 M

HNO
3
 with a ratio of 1:1. The sample was

filtered until clear, and the filtrate was put

into a 10 mL volumetric flask then distilled

water was added to a volume of 10 mL. The

filtrate was then used to measure the Cr6+

content by taking 2.5 mL of the filtrate added

5 drops of concentrated H
2
SO

4
 and 0.1 mL

of 5% diphenylcarbasid solution, incubated

for 15 minutes. The absorbance measurement

of Cr6+ content was measured at a wavelength

of 540 nm using a UV-VIS spectrophotometer.

The Cr6+ content was calculated using the

standard Cr6+ curve.

The research data were statistically analyzed

using a two-way ANOVA with SAS (Statistical

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 data reported in

this research are mean of four replicates

RESULTS AND DISCUSSION

The effect of Cr and sulfate on the growth
of T. erecta

The combination of Cr6+ and sulfate in the

growing media has a significant effect on

plant growth. The growth of T. erecta
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showed a different response to the application

of Cr6+ and sulfate. The addition of sulfate

had a significant effect on root length, number

of leaves and flowers, dry weight of roots

and shoots and Cr6+ content of roots and

shoots, but had no significant effect on the

height of T. erecta grown on media

containing Cr6+.

Although the combination of Cr6+ and

sulfate did not have a significant effect on

plant height, plants treated with Cr6+ 50 mg

L-1 and control showed a decrease in plant

height with increasing concentrations of

sulfate applied to T. erecta growing medium

(Figure 1). T. erecta treated with the highest

Cr6+ concentration of 100 mg L-1 with the

sulfate addition of 0 mM L-1 and 1 mM L-1

showed an increase in plant height but not

significantly. These results indicated that the

addition of 2 mM L-1 sulfate was able to

increase the tolerance of T. erecta to Cr6+

stress at a concentration of 100 mg L-1, so

Figure 1. Plant height of T. erecta with combination treatment of Cr6+ in the form of K
2
CrO

4
(Cr0 = 0 mg L-1,

Cr50 = 50 mg L-1, and Cr100 = 100 mg L-1) and SO
4

2- in the form of MgSO
4
 (S0 = 0 mM L-1, S1 = 1 mM L-1,

and S2 = 2 mM L-1). 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).

that it could maintain its growth and develop-

ment. Sulfates are reported to be important

for plants in dealing with heavy metal stress.

Sulfate is not only an essential plant nutrient

but is also involved 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 al., 2015) and

Solanum nigrum under Cd stress conditions

(Alatawi et al., 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-1)

in the growth medium reduced the number

of leaves compared to control plants without

Cr treatment. The addition of sulfate in the

growing medium significantly increased the
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number of leaves in plants that were given

Cr at high concentrations (100 mg L-1)

compared to plants without the addition of

sulfate in the growing medium (S0Cr100).

The number of leaves on the control plants

and those given 50 mg L-1 Cr decreased

significantly when the sulfate was added at

different concentrations, except for the

control plants when the sulfate was added

at 1 mM L-1. Control plants that were given

the addition of 1 mM L-1 sulfate showed the

highest number of leaves 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 due to 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. The addition of sulfur-fertilizer

was reported to increase the number of

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 S in wheat. Under heavy metal stress, the

essential nutrient sulfur is very important

because of its role in detoxification.

The root length of T. erecta was significantly

affected by the combination of Cr6+ and

sulfate treatment. The addition of sulfate of

1 mM L-1 and 2 mM L-1 significantly reduced

root length in control plants (without Cr6+)

and plants given Cr6+ of 50 mgL-1, compared

to plants that were not given sulfate (S0Cr0

and S0Cr50). In contrast, the root length of

plants treated with high Cr6+ concentrations

(100 mg L-1) increased significantly with the

addition of 1 mM L-1 and 2 mM L-1 sulfate

treatment (Figure 3).

Figure 2 The number of leaves T. erecta with combination treatment of Cr6+ in the form of K
2
CrO

4
(Cr0 = 0 mg

L-1, Cr50 = 50 mg L-1, and Cr100 = 100 mg L-1) and SO
4

2- in the form of MgSO
4
 (S0 = 0 mM L-1, S1 = 1 mM

L-1, and S2 = 2 mM L-1). 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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Figure 3. The root length of T. erecta with combination treatment of Cr6+ in the form of K
2
CrO

4
(Cr0 = 0 mg L-

1, Cr50 = 50 mg L-1, and Cr100 = 100 mg L-1) and SO
4

2- in the form of MgSO
4
 (S0 = 0 mM L-1, S1 = 1 mM L-

1, and S2 = 2 mM L-1). 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 Cr6+ stress the addition of sul-

fate can increase the tolerance of T. erecta

by increasing root growth, especially root

lenght (Figure 4). The roots play a role in

Cr uptake because they are the main organs

for nutrient absorption, so they are also the

main site of Cr toxicity in plants. Cr6+ of 2.5

mg L-1 was reported to reduce the root length

of Pistia stratiotes (Kakkalameli et al.,

2018). A decrease in root length due to Cr6+

stress of 6, 12, 18, and 24 mg kg-1 was also

reported in wheat (Triticum aestivum)

(Ghani et al., 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. The root of Tagetes erecta with combination treatment of Cr6+ in the form of K
2
CrO

4
(Cr0 = 0

mg L-1, Cr50 = 50 mg L-1, and Cr100 = 100 mg L-1) and SO
4

2- in the form of MgSO
4
 (S0 = 0 mM L-1, S1

= 1 mM L-1, and S2 = 2 mM L-1).
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Amin et al. (2014). Cr affects root growth

as a result 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 Cr6+ stress of

100 mg L-1 may be due to increased cell

division and elongation in the root meristem-

atic region by sulfate (Chandel et al., 2002;

Jahan et al., 2015).

Figure 5. The number of flowers T. erecta with combination treatment of Cr6+ in the form of
K

2
CrO

4
(Cr0 = 0 mg L-1, Cr50 = 50 mg L-1, and Cr100 = 100 mg L-1) and SO

4
2- in the form of

MgSO
4
 (S0 = 0 mM L-1, S1 = 1 mM L-1, and S2 = 2 mM L-1). 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).

The effect of the combination of Cr6+ and

sulfate treatment on the number of flowers

showed the same pattern as the effect on the

number of leaves of T. erecta. The combi-

nation of Cr6+ and sulfate treatment signifi-

cantly affected the number of flowers of T.

erecta (Figure 5). The number of flowers

on control plants and those treated with Cr6+

of 50 mg L-1 decreased as the concentra-

tion of sulfate added to the growing medium

increased, except for control plants (with-

out Cr6+) with 1 mM L-1 sulfate (S1Cr0)

which showed the highest number of flow-

Flowering is a plant response to 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 was much smaller than the flower size

under Pb exposure.Figure 6 shows T. erecta

plants and flowers formed in response to Cr

stress and the addition of sulfate in the grow-

ing medium. In contrast to the result of this

research, Ramana et al. (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 splendens was reported that

exposure to a number of heavy metals (Pb,

Cu, and Zn) resulted in delayed flowering

and a much shorter flowering period and the

flowers produced was very small and dam-

ers (about 5 flowers/plant).
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Figure 6. The plant growth of T. erecta on media with combination treatments of Cr6+ in the form of K
2
CrO

4

(Cr0 = 0 mg L-1, Cr50 = 50 mg L-1, and Cr100 = 100 mg L-1) and SO
4

2- in the form of MgSO
4
 (S0 = 0 mM L-1,

S1 = 1 mM L-1, and S2 = 2 mM L-1).

aged. Mansour et al., (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.

erecta is able to tolerate the presence of Cr6+

and produce flowers in response. On the

other hand, the presence of sulfate inhibits

the absorption of Cr6+, so the presence of

sulfate can suppress plant stress conditions

due to Cr6+ 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

Cr6+ and sulfate treatments. Root and shoot

dry weight were significantly affected by the

combination of Cr6+ and sulfate treatment.

The root dry weight of control plants without

Cr6+ and those given Cr6+ of 50 mg L-1

significantly decreased with increasing

concentration of sulfate given in the growing

medium. In contrast, the root dry weight of

T. erecta plants treated with Cr6+ of 100 mg

L-1 increased significantly with the addition

of 1 mM L-1 and 2 mM L-1 sulfate in the

growing medium (Figure 7). The greatest

Cr6+ stress effect on root dry weight reduction

was shown in the Cr6+ treatment of 100 mg

L-1. Meanwhile, plants treated with Cr6+ of

50 mg L-1 without the addition of sulfate

showed the highest root dry weight of 0.69

g, when compared to other treatments.

The combination of Cr6+ and sulfate

treatment showed a significant effect on

shoot dry weight. Cr6+ 100 mg L-1 had a

greater effect on the dry weight of plant

shoots than Cr6+ 50 mg L-1 for all

concentrations of sulfates given. Control

plants (without Cr6+) and those given 50 mg

L-1 Cr6+ without sulfate and with 1 mM L-1

sulfate showed the highest shoot dry weight,
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where as in the sulfate treatment of 2 mM L-1,

shoot dry weight decreased significantly

(Figure 8). The shoot dry weight of plants

treated with Cr6+ 100 mg L-1 showed no

significant difference for all sulfate

treatments, but shoot dry weight was lower

Figure 8. The shoot dry weight of T. erecta with combination treatment of Cr6+ in the form of K
2
CrO

4

(Cr0 = 0 mg L-1, Cr50 = 50 mg L-1, and Cr100 = 100 mg L-1) and SO
4

2- in the form of MgSO
4
 (S0 =

0 mM L-1, S1 = 1 mM L-1, and S2 = 2 mM L-1). 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).

compared to control plants without Cr6+ and

Cr6+ 50 mg L-1. The lowest shoot dry weight

was found in plants treated with 50 mg L-1

Cr6+ and 2 mM L-1 sulfate, with a shoot dry

weight of 1.35 g.

Figure 7. The root dry weight of T. erecta with combination treatment of Cr6+ in the form of
K2CrO4 (Cr0 = 0 mg L-1, Cr50 = 50 mg L-1, and Cr100 = 100 mg L-1) and SO4

2- in the form of
MgSO4 (S0 = 0 mM L-1, S1 = 1 mM L-1, and S2 = 2 mM L-1). 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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The high concentrations of Cr6+ reduced the

dry weight of T. erecta roots and shoots.

According to Sundaramoorthy et al. (2010)

absorption and accumulation of Cr6+ by

plants will reduce plant biomass because

Cr6+ is toxic and inhibits the processes of

carbohydrate and nitrogen metabolism, and

reduces protein synthesis. Singh et al.,

(2020) reported that high concentrations of

Cr6+ affected the total dry biomass of the Cicer

arietinum. Ramana et al (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 Cr6+

stress had a greater effect on root 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 stress conditions

originating from electroplating industrial

waste. Santana, et al (2012) reported that the

root and shoot dry weight of Genipa

americana decreased significantly under the

Cr6+ 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 biomass under Cr stress conditions.

a defense function in response to environmental

stress and participates in the biosynthesis of

some defense metabolites. Cysteine is a

sulfur-containing amino acid that has a

central role in the heavy metal detoxification

process, because it is used to synthesize

glutathione, phytochelatins, and metallothioneins

(Kulczhicky & Sacala, 2020).

Cr content in the roots and shoots of
Tagetes erecta

The Cr6+ treatment combined with the

addition of sulfate in the T. erecta growing

medium significantly affected the Cr6+

content in the roots and shoots. The Cr6+

content in the roots is higher than in the

shoots. The Cr6+ content in the roots showed

significant differences between treatments

(Figure 9). The Cr6+ treatment of 50 mg L-1

and the control without Cr6+ treatment

combined with three sulfate concentration

treatments significantly increased the Cr6+

content in T. erecta roots. Meanwhile, the

Cr6+ treatment of 100 mg L-1 and the addition

of 1 mM L-1 sulfate (Cr100S1), caused a

significant decrease in the Cr6+ content of

the roots. The highest Cr6+ content in the

roots of T. erecta was shown at the treatment

concentrations of Cr6+ 50 mg L-1 and 100

mg L-1 with the addition of 2 mM L-1 sulfate

of 0.020 mg.

The Cr6+ content of the shoots showed a

different pattern from the Cr6+ content of the

roots (Figure 10), and the Cr6+ content in

the shoots was lower than that of the roots

for all treatments. Plants that were under Cr6+

stress (50 mg L-1 and 100 mg L-1) had higher

shoot Cr6+ content than control plants. A

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

conditions including Cr6+. Sulfur is necessary

for proper plant growth and development.

Aside from being a regulator, sulfur also has
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Figure 9. Cr6+ content of root T. erecta with combination treatment of Cr6+ in the form of
K

2
CrO

4
(Cr0 = 0 mg L-1, Cr50 = 50 mg L-1, and Cr100 = 100 mg L-1) and SO

4
2- in the form

of MgSO
4
 (S0 = 0 mM L-1, S1 = 1 mM L-1, and S2 = 2 mM L-1). 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 Cr6+ content of

shoots was found in plants treated with Cr6+

of 100 mg L-1 for all sulfate applications. A

significant increase in the Cr6+ content of

shoots was found in plants treated with Cr6+

of 50 mg L-1 with the addition of 1 mM L-1

and 2 mM L-1 sulfates. The control plants

Figure 10. Cr6+content ofshoot T. erecta with combination treatment of Cr6+ in the form of K
2
CrO

4

(Cr0 = 0 mg L-1, Cr50 = 50 mg L-1, and Cr100 = 100 mg L-1) and SO
4

2- in the form of MgSO
4
 (S0

= 0 mM L-1, S1 = 1 mM L-1, and S2 = 2 mM L-1). 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).

without Cr and sulfate (Cr0S0) showed the
highest Cr6+ 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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compared to other parts of the plant (Shahid

et al., 2017). Ram et al. (2019) reported that

Cr accumulation was higher in roots than in

shoots in Napier hibrida, and Cr accumulation

in roots and shoots increased with increasing

concentrations of Cr6+ in the soil, and the

maximum increase occurred at the highest

concentrations. Cr was found 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 Cr6+ uptake by

plants (Oliveira, 2012), because uptake of

Cr6+ by plant cells has been reported to occur

via sulfate carriers (membrane transporters)

(Singh et al., 2013). However, based on the

results of Oliviera et al. (2016) reported that

Cr6+ did not reduce sulfur concentrations in

Pteris vittata, possibly the plant roots

absorbed sulfur faster than Cr6+. The fact that

Cr6+ does not affect sulfur concentrations

suggests that sulfate may not compete with

Cr6+ uptake and translocation or that P.

vittata possesses a unique sulfate transporter

that does not compete with Cr6+ uptake.

CONCLUSIONS

Based on the results of research that has been

carried out, it can be concluded the interaction

of Cr6+ and sulfate did not have a significant

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.

The application of 1 mM L-1 and 2 mM L-1

sulfate was able to increase plant height,

number of leaves, root length, number of

flowers, root dry weight, and Cr6+ content

of T. erecta roots under Cr6+ stress conditions

of 100 mg L-1. T. erecta plant roots grown

on Cr polluted media of 50 mg L-1 and 100

mg L-1 accumulated Cr6+ greater than the

shoots at all concentrations of sulfate applied.

ACKNOWLEDGMENT

The author gratefully acknowledges Joko

Wartanto, S.Si. for facilitation and technical

assistance during research at the Biochemistry

Laboratory, Faculty of Biology, Universitas

Kristen Satya Wacana, Salatiga.

REFERENCES

Alatawi A., Wang X., Maqbool A., Saleem
M.H., Usman K., Rizwan M.,
Yasmeen T., Arif M.S., Noreen S.,
Hussain A., Ali S. 2022. S Fertilizer
(Elemental Sulfur) Improves the
Phytoextraction of Cadmium through
Solanum nigrum L. Int. J. Environ.
Res. Public Health. 19: 1655.

Amin H., Arain B.A., Amin F., Surhio M.A.
2014. Analysis of Growth Response
and Tolerance Index of Glycine max
(L.) Merr. Under Hexavalent Chromium
Stress. Adv. life Sci. 1 (4): 231-241.

Aravindhan S., Jawaharlal M., Thamaraiselvi
S.P.,  Davamani V. 2019. Effect of
Heavy Metals on Morphological and
Flowering Parameters of African
Marigold (Tagetes erecta). International
Journal of Chemical Studied. 7 (1):
4321-4323.



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

58

Armadi S.E., Oktiavian W. 2009.Pengurangan
Chrom (Cr) dalam Limbah Cair
Industri Kulit pada Proses Tannery
Menggunakan Senyawa Alkali Ca(OH)2,
NaOH dan NaHCO3 (Studi Kasus PT.
Trimulyo Kencana Mas Semarang).
Jurnal Air Indonesia. 5 (1): 41-54

Attanasova B., Zapryanova N. 2014. Influence
of Heavy Metal Stress on Growth and
Flowering of Salvia Splendens. Ker.-
Gawl. Biotechnology & Biotechno-
logical Equipment. 23 (1): 173-176.

Augustynowicz J., Grosicki M., Fajerska E.H.,
Lekka M., Waloszek A.,  Koloczek H.
2010. Chromium (VI) Bioremediation
by Acuatic Macrophye Callitriche
cophcarpa Sendtn. Chemophere. 79
(11): 1077-1083.

Chandel, R.S., Sudhakar P.C., Singh K.
2002. Direct and Residual Effect of
Sulphur on Indian Mustard (Brassica
juncea L.) in Rice (Oryza sativa L.).
Indian J. Agr. Sci. 72: 230-232

Chitaprabha K., Sathyavathi S. 2018.
Phytoextraction of Chromium from
Electroplating Effluent by Tagetes
erecta (L.).  Sustainable Environment
Research. 28 (3): 128-134.

Clemens S., Palmgren M.G., Kramer U. 2002.
A Long Way Ahead: Understanding
and Engineering Plant Metal
Accumulation. Trends in Plant
Science. 7 (1): 309-315.

Coelho L.C., Bastos, A.R.R., Pinto P.J.,
Souza G.A., Carvalho J.G., Coelho
V.A., Aliveira L.C., Domingues R.R.,
Faquin V. 2017. Marigold (Tagetes
erecta): The Potential Value in the
Phytoremediation of Chromium .
Pedosphere. 27 (3): 559-568.

Dube B.K., Sinha P., Chatterjee C. 2009
Assessment of Disturbance in Growth
and Physiology of Carrot Caused by
Chromium Stress. J. Plant. Nutr. 32:
479-488.

Freeman J.L., Persans M.W., Nieman K.,
Albrecht C., Peer W., Pickering I.J.,
Salr D.E. 2004. Increased Glutathione
Biosynthesis Plays a Role in Nickel
Tolerance in Thlaspi Nickel
Hyperaccumulators. Plant Cell. 16 (8):
2176–2191.

Ghani A,. Khan I., Umer S., Ahmed I.,
Mustafa I., Mohammand N. 2015.
Response of Wheat (Triticum aestivum)
to Exogenously Applied Chromium:
Effect on Growth, Chlorophyll and
Mineral Composition. Journal of
Environmental & Analytical Toxicology.
5 (3): 1-3.

Gheju M., Balcu I., Ciopec M. 2009.
Analysis of Hexavalent Chromium
Uptake by Plants in Polluted Soils.
Ovidius University Annals Of
Chemistry. 20 (1): 127-131.

Intansari P., Kasmiyati S., Sucahyo. 2021.
The Application of Fe and Cr(III) in
Growing Media and its Effect on plant
growth and Cr(III) Oxidation on
Tagetes erecta. Jurnal Biologi
Indonesia. 9 (1): 31-45.

Jahan S., Iqbal S., Jabeen K., Sadaf S. 2015.
Ameliorating Influence of Sulfur on
Germination Atributes of Canola
(Brassica Napus L.) Under Chromium.
Pakistan Journal of Botany. 47 (2):
407-411.

Kakkalameli S.B., Dephedar A., Govindappa
M., Taranth T.C. 2021. Effect of
Chromium on Morgpohological and



59

Effect Interaction of Sulfate (SO
4

2-) dan Chromate (CrO
4

2-) on Growth and CR6+ Accumulation in Tagetes erecta L.
| Gabriella L. Mataradja & Sri Kasmiyati

Biochemical Responses On Macrophyte
Pistia stratiotes L. (Water Lettuce).
International Journal of Pharmaceutical
Sciences and Research. 12 (1): 633-639.

Kulczycki G., Sacala E. 2020. Sulfur
Application Alleviates Chromium
Stress in Maize and Wheat. Open
Chemistry. 18: 1093–1104.

Mansour H.A., El-Maadawy E.I., Ahmend
H.A.H., Othman E.Z. 2015. Effect of
Different Chemical Additives on
Growth and Flowering of African
Marigold (Tagetes erecta L.) Grown
under Cadmium Stress. Journal of
Horticultural Science & Ornamental
Plants. 7 (1): 29-38.

Meitiniarti V.I., Putri E.K., Runtu A.E.,
Nugroho., Kasmiyati S. 2022. Isolation
and Identification of Cr-resistant
Bacteria from the Rhizosphere of
Tagetes erecta. and Their Ability to
Reduce Cr(VI). Biodiversitas. 23 (8) :
4117-4123.

Nuraini R.A.T., Endrawati H., Maulana I.R.
2017. Analisis Kandungan Logam
Berat Kromium (Cr) Pada Air,
Sedimen dan Kerang Hijau (Perna
viridis) di Perairan Trimulyo Semarang.
Jurnal Kelautan Tropis. 20 (1): 48-55.

Oliveira Helena. 2012. Chromium as An
Environmental Pollutant: Insights on
Induced Plant Toxicity. Journal of
Botany. 1-8.

Oliveira L.M.D., Gress J., De J.,
Rathanasabapathi B., Marchi G., Chen
Y., Ma L.Q. 2016. Sulfate and
Chromate Increased Each Other’s
Uptake and Translocation in As-
Hyperaccumulator Pteris vittata.
Chemosphere. 147: 36-43.

Rahman M.U.R., Gul S., Haq M.Z.U.L.
2007. Reduction of Chromium(VI) by
Locally Isolated Pseudomonas sp C-
171. Turkish Journal of Biology. 31:
161-166.

Ram B. W., Han Y., Yang G., Ling Q., Dong F.
2019. Effect of Hexavalent Chromium
[Cr (IV)] on Phytoremdiation Potential
and Biochemical  Responses of Hybrid
Napier Grass with and without EDTA
Application. Plant (Basel). 8 (11): 515.

Ramana S., Biswas A.K., Ajay., Singh A.B.,
Ahirwar A.K. 2012. Phytoremediation
of Chromium by Tuberose. 1ndian
Institute of Soil Science. 35 (2): 71–73.

Ramana S., Biswas A.K., Ajay., Singh A.B.,
Ahirwar A.K. Rao A.S. 2013.
Phytoremediation Ability of Some
Floricultural Plant Species. 1ndian
Institute of Soil Science. 18 (2): 187-190.

Saleem M.H., Afzal J., Rizwan M., Shah Z.H.,
Depar N., Usman K. 2022. Chromium
Toxicity in Plants: Consequences on
Growth, Chromosomal Behavior and
Mineral Nutrient Status. Turkish
Journal of Agriculture and Forestry. 46.

Santana K.B., Almeida A.A., Sauza V.L.,
Mangaberia P.A.O., Silva D.da C.,
Gomes F.P., Dutruch L., Loguercio
L.L. 2012. Physiological Analyses of
Genipa americana L. Reveals a Tree
with Ability as Phytostabilizer and
Rhizofilterer of Chromium Ions for
Phytoremediation of Polluted Watersheds.
Environmental and Experimental
Botany. 80: 35– 42.

Schiavon M., Smits, E.A.P., Wirtz M., Hell
Rudiger., Malagoli M. 2008. Interactions
between Chromium and Sulfur Meta-
bolism in Brassica juncea. Journal of
Environmental Quality. 37: 1536-1545.



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

60

Shahid M.,  Shamshad S. Rafiq M., Khalid
S., Bibi I., Niazi N.K., Dumat C.,
Rashid M.L. 2017. Chromium
Speciation, Bioavailability, Uptake,
Toxicity and Detoxification in Soil-
Plant System: A Review. Chemosphere.
178: 513-533.

Singh H.P., Mahajan P., Kaur S., Batish
D.R., Kohli R.K. 2013. Chromium
Toxicity and Tolerance in Plants.
Environmental Chemical Letter. 11:
229-254.

Singh D., Sharman N.L., Singh C.K., Sarka S.K.,
Singh., Dotaniya M.L. 2020. Effect of
Chromium (VI) Toxicity on Morpho-
physiological Characteristics, Yield, and
Yield Components of Two Chickpea
(Cicer arietinum L.) Varieties. PLoS
ONE. 15 (12): 1-27.

Sundaramoorthy P., Chidambaram A.,
Ganesh K.S., Unnikannan P., Baskaran
P. 2010. Chromium Stress in Paddy:
(i) Nutrient Status of Paddy under
Chromium Stress; (ii) Phytoremediation
of Chromium by Aquatic and Terrestrial
Weeds. Comptes Rendus Biologies.
33: 597-607

Srivastava D., Tiwari M., Dutta P., Singh P.,
Chawda K., Kumari M., Chakrabarty
D. 2021. Chromium Stress in Plants:
Toxicity, Tolerance and Phytoremediation.
Sustainability. 13: 4629.

Tya N.M., Batu D.T.F L., Affandi R. 2016.
Uji Toksisitas Letal Cr6+ Terhadap
Ikan Nila (Oreochromis niloticus).
Jurnal Ilmu Pertanian Indonesia. 21
(2): 128-132.

Ulhassan S., Gill R.A., Huang H., Ali S.,
Mwamba T.M., Ali B., Huang Q.,
Hamid Y., Khan A. R., Wang J.,
Zhouw W. 2019. Selenium Mitigates
the Chromium Toxicity in Brassicca
napus L. by Ameliorating Nutrients
Uptake, Amino Acids Metabolism and
Antioxidant Defense System. Plant
Physiology and Biochemistry. 145:
142-152.

Xu Z.R., Cai M.L., Chen S.H., Huang X.Y.,
Zhao F.J., Wang P. 2021. High-Affinity
Sulfate Transporter Sultr1;2 Is a
Major Transporter for Cr(VI) Uptake
in Plants. Environmental Science and
Technology. 55: 1576–1584.

***


