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A B S T R A C T
The pollution of  environment by toxic heavy metals has increased dramatically 
over the past decades due to various sources of  contamination, mainly industrial 
and human activities. Soil is the main recipient of  air and water contamination. 
In this study, we evaluated the ability of  radish plants to accumulate chromium 
VI (Cr(VI)) (150 ppm) under the application of  citric acid (CA) (15 mM). The 
results showed that Cr(VI) reduced shoot dry weight, root dry weight, hypocotyl 
dry weight, and total chlorophyll content. On the other hand, Cr(VI) increased 
H2O2, malondialdehyde, and antioxidant activities of  the radish plant. However, 
the application of  CA improved the growth and physiological parameters and an-
tioxidant content (superoxide dismutase 5 % and 4 %, peroxidase content 24 % 
and 4.25 %, catalase 38 % and 28 %, and ascorbate peroxidase 4 % and 35 %) 
in root and shoot part respectively, and increases the accumulation of  Cr(VI) in 
different parts of  the radish plant.
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Р Е З Ю М Е
Бухади М., Элькуали М., Талби М., Амегрисси Ф., Фуграх Х. Фитоэкс
трак ция хрома VI с помощью Raphanus sativus L. при экзогенном 
при ме нении лимонной кислоты. За последние десятилетия загрязнение 
ок ру жа ющей среды токсичными тяжелыми металлами из различных источ
ни ков, главным образом, промышленной и человеческой деятельности, рез
ко возросло. Почва является основным поглотителем загрязнений из воз ду ха 
и воды. В данном исследовании мы оценили способность растений ре ди са 
на капливать хром VI (Cr(VI)) (150 ppm) под действием лимонной кис ло ты 
(ЛК) (15 mM). Результаты показали, что Cr(VI) снижал сухой вес по бе гов, 
сухой вес корней, сухой вес гипокотиля и общее содержание хло ро фил ла. 
С другой стороны, Cr(VI) увеличил H2O2, малондиальдегид и ан ти ок си
дантную активность растений редиса. Однако применение ЛК улуч ша ло 
рост и физиологические параметры и содержание антиоксидантов (су пер
оксид дис мутазы 5 % и 4 %, пероксидазы 24 % и 4,25 %, каталазы 38 % и 28 %, 
ас кор батпероксидазы) 4 % и 35 %) в корнеплодах и побегах соот вет ст вен но, 
и увеличивало накопление Cr(VI) в различных частях растения редиса.
Ключевые слова: тяжелые металлы, хром VI, лимонная кислота, антиоксидантная 
активность, редис
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Phytoextraction of Chromium VI by 
Raphanus sativus L. under exogenous 
application of citric acid

Chromium, which is found in many earth minerals, is 
an at least partially essential trace element. Its importance 
or toxicity depends primarily on the oxidation state. Chro-
mi um (III), for example, is an important trace element for 
hu mans and is important for many metabolic processes, 
such as glucose metabolism, so a deficiency can quickly 
lead to diabetes or growth disorders (Lin & Hung 2015). 
In contrast, Cr(VI), because its diffusibility through skin 
and cell membranes, is highly carcinogenic and allergenic 
(Filice et al. 2019). Chromium emissions come not only 
from an thro pogenic sources but also from natural sources, 
such as volcanic eruptions, various biological processes and 
soil alteration. However, much of  the environmental pol lu-
tion comes from anthropogenic sources, such as the paper 
industry, the photographic industry, tape and battery pro-
duc tion, and the tanning and electroplating (metal chrome 
plating) industry (Ismail et al. 2019).

The bioavailability, mobility and solubility of  heavy me-
tals in soil are very important. For this reason, organic acids 
are used and largely accepted because they decrease the risk 

of  metal leaching and are ecologically durable due to their 
high degree of  natural degradation (Wuana & Okieimen 
2010). Several organic acids are presently being used to ex-
plore their potential to improve heavy metal bioavailability 
and plant growth, such as citric acid, ascorbic acid, salicylic 
acid, acetic acid and etc. (Osmolovskaya et al. 2018).

Recent studies show that Citric acid (CA) significantly 
increases the solubility of  heavy metals and their acceptance 
by plants and may increase plant acceptance of  other nu tri-
ents ( Shakoor et al. 2014).The capacity of  plants to absorb 
heavy metals can be significantly enhanced by the addition 
of  CA, while a higher concentration of  CA has intense phy-
to toxic consequences in certain plant species (Sinhal 2010).

The radish, Raphanus sativus L., is an annual or biennial ve-
ge table plant, mainly cultivated for its fleshy hypocotyl, of ten 
eaten raw, as a vege table. All parts of  the plant are edible. The 
radish belongs to the Brassicaceae family, which is cha rac-
terized by its high bioaccumulative capacity of  heavy metals.

The aim of  this study was to evaluate the effect of  citric 
acid on the morphological and physiological parameters 
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of  R. sativus L. plants grown in contaminated soil, and the 
phyto-accumulation of  Cr(VI).

M A T E R I A L  A N D  M E T H O D S
Treatments

In this study, we used soil artificially polluted with 
150 ppm chro mium ( by the addition of  a chromium VI so lu-
tion), with or without the application of  CA (15 mM), for the 
control we used garden soil. In general, we have four com-
binations (T1: Control plant, T2: CA (15 mM), T3: Cr(VI) 
(150 ppm) and T4: CA (15 mM) + Cr(VI) (150 ppm)). Five 
radish seeds were sown in each pot con taining 2 kg of  soil. 

Plant  sampl ing and analys is
Radish plants were harvested after five weeks of  treat

ment to determine morphological parameters such as root, 
hy po cotyl, leaf  biomass, and physiological parameters 
such as Total chlorophyll content, H2O2, malondialdehyde 
(MDA), and antioxidants content (Superoxide dismutase 
(SOD), peroxidase content (POD), catalase (CAT) and as-
cor bate oxidase (APX)).

Chlorophyl l  content
Extraction was performed under cold conditions, with 

4 ml of  acetone, using 160 mg of  fresh leaf  material. After 
10 min of  centrifugation (5000 g / 4°C), the absorbance 
was mea sured at 645 and 662 nm using a double beam UV-
6300PC spectrophotometer (VWR, Radnor PA). Pigment 
con tents, expressed in μg.mg1, were calculated using the 
following equations of  (Lichtenthaler 1987):

chlorophyll a (mg/g) =11.24 × DO662 – 2.04× DO645;
chlorophyll b (mg/g) = 20.13 ×DO645 – 4.19×DO662;
total chlorophyll = chl a + chl b 

The quantity of  these pigments is expressed in mg per g 
of  fresh matter.

Chromium accumulat ion
The standardized color method of  Clesceri et al. (1998) was 

used to determine the  concentration of  Cr(VI) which forms 
a red-violet complex measured by  spect ro pho tometry at 
540 nm using a double beam UV-6300PC spectrophotometer 
(VWR, Radnor PA) with 1.5-diphnylcarbazide (DPC).

Malondialdehyde and Hydrogen peroxide 
content

The peroxidation of  membrane lipids is estimated by 
de termining the MDA content according to the method de-
scribed by Šavicka & Skute (2010). Similarly, the content of  

hyd ro gen peroxide (H2O2) in leaves and roots was deter-
mi ned by the colorimetric method described by Jana & 
Choudhuri (1981).

Antioxidants  enzymes
The Superoxide dismutase (SOD) and peroxidase con-

tent (POD) were measured according to the procedure de-
scribed by Zhang (1992). The activity of  catalase (CAT) was 
evaluated according to the protocol of  Aebi (1984).The ac-
ti vity of  ascorbate oxidase (APX) was calculated according 
to the method given by Nakano & Asada (1981).

Stat ist ical  analys is
The data presented in this study are the results of  three 

re plicates. The data were analyzed using SPSS version 
24.0. To determine significant variations and pair wise 
comparison of  data, we used ANOVA and Tukey post-hoc 
test (Khadraji et al. 2020).

R E S U L T S

Plant  biomass
The plant biomass of  radish (Fig. 1) was harmfully 

affec ted by the Cr(VI) metal. Unlikely the addition of  CA 
(15 mM) enhanced the plant biomass under metal appli-
ca tion and without metal application. The Chromium de-
creases root, hypocotyl and shoot dry weight of  the radish 
plant by 43, 33, and 27 % respectively as compared to con-
trol. On other hand, the application of  CA increases the 
root, hypocotyl, and shoots dry weight of  radish plant un-
der chromium metal.

Chlorophyl l  content
The chlorophyll content in leaves of  radish was influ en

ced by Cr(VI). The Metal caused a reduction about 34 % as 
compared to control plant. The application of  CA improved 
the chlorophyll content, the maximum was observed at the 
control with CA applied plants (Fig. 2).

H 2O 2 and MDA content
In the presence of  Cr(VI), CA application reduced 

MDA and H2O2 content in radish roots and leaves, the MDA 
con tent were 9 % lower in roots and 7 % lower in leaves, 
when CA was applied than the plant under Cr(VI) stress 
and without CA application .Similarly, significant reduction 
in H2O2 content in roots and leaves part was observed by 
the application of  CA under Cr(VI) stress, H2O2 content  
was 4.4 % lower in roots and 4 % lower in leaves (Fig. 3). 

Antioxidant 
act iv i t ies

The activities of  
an ti oxidants SOD, 
POD, CAT, and APX 
were significantly en
han ced under the ad-
di ti on of  CA (Fig. 4). 
The increase in SOD, 
POD, CAT and APX 
con tent un der the ad-Figure 1 Effect of  Cr(VI) on shoot (A), root (B) and hypocotyl (C) dry weight of  radish plant grown in soil 

with or without CA
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di tion of  CA in 
chro mi um con di-
tions was about 5, 
9, 24 and 38 % in 
root and 4, 4.25, 28 
and 35 % in leaves 
of  ra dish plant, res-
pec ti ve ly. Gene ral ly, 
antioxidant ac ti vi-
ties was im pro ved 
by CA app li ca tion 
(under and with out 
Cr(VI) stress). 

Chromium accumulat ion
The CA application increase the accumulation of  

Cr(VI) in leaves, hypocotyl and root of  radish by about 
88, 27.57 and 33.91 % respectively, compared to the 
plant under Cr(VI) only (Table 1).

D I S C U S S I O N
In the present study, the results showed that citric 

acid (15 mM) improves biomass and chlorophyll 
content in leaves of  radish plant, we observed that 
plants treated with CA have more biomass and 
chlorophyll content com pa red to plants exposed to 
Cr(VI) without CA treatment. Si mi larly, Bouhadi 
et al. (2019) showed that the chromium affected the 
growth parameters and the chlorophyll content in the 
leaves of  Vicia faba L. the results of  Mohammed et al. 
(2021a, b) showed that the high concentration of  Cr in 
soils negatively affects the physiological processes of  
plants. The same, results are found by Farid et al. (2017) 
who reported that CA application enhanced the chlorophyll 
con tent up to 19 % under Cr contamination. However, Hu 
et al. (2016) showed that chlorophyll content in leaves of  
Lolium arundinaceum was ameliorated in citric acid treated 
plants under heat stressed conditions. In addition, foliar 
app li cation of  CA increased photosynthetic parameters 

com pared to treatments without CA. At 2.0 mM CA, total 
chlo ro phyll and carotenoid content increased by 50 and 
62 %, res pec tively, compared to the same treatment with-
out CA (Maqbool et al. 2018). Many studies (Afshan et al. 
2015, Shahid et al. 2017, Shakoor et al. 2014) have reported 
that photosynthetic pigments of  Brassica napus L under the 
toxicity of  Cr and Pb was more significant with CA applied 
than with control without CA applied. 

Figure 2 Effect of  Cr(VI) on total 
chlorophyll in leaves of  radish plant 
grown in soil with or without CA

Figure 3 Effect of  Cr(VI) and CA on H2O2 in root (A), H2O2 in leaves 
(B), MDA in root (C), MDA in leaves (D)of  radish plant

Figure 4 Effect of  Cr(VI) on SOD in root (A), SOD in leaves (B), POD in root (C), POD in leaves (D), CAT in root (E), CAT in leaves 
(F), APX in root (G) and APX in leaves(H)of  radish plant grown in soil with or without CA

Table 1 The effect of  CA on chromium VI accumulation in 
radish plant.

Treatments 
Chromium accumulation (mg/g)

Leaf Hypocotyl Root
Control 0 0 0
CA 0 0 0
Cr 1.51±0.75a 64.69±1.02a 35.74±0.85a
Cr + CA 2.85±0.03b 82.49±1.56b 47.86±0.25b
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The exposure of  radish plants to chromium increased 
H2O2 and MDA content. However, the application of  citric 
acid 15 mM reduced the H2O2 and MDA content in leaves 
and roots of  radish plants under chromium treatment. 
The increase in MDA and H2O2 content in radish roots 
and leaves is a very strong indicator of  lipid peroxidation 
and destruction of  membrane structure. Similar, Farid et 
al. (2019) reported that exposure of  maize plants to con-
ta mi na ted marble effluent increased the production of  
MDA and H2O2. Heavy metal-induced overproduction of  
ROS has also been previously reported (Anjum et al. 2016, 
Ashraf  et al. 2017). However, the application of  CA re-
duces oxidative stress. Several studies, reported that CA 
app li cation reduced the excessive production of  ROS in 
various plants under stress conditions (Ehsan et al. 2014, 
Najeeb et al. 2011).

Our results demonstrated that antioxidant activities 
increased under the application of  chromium (without CA 
treatment), therefore, the application of  CA significantly 
en hanced the antioxidant activities such as SOD, POD, 
CAT and APX in the roots and leaves of  radish plants. 
Pre vious ly, many studies showed that antioxidant enzymes 
present as the main defense barrier against ROS generated 
under different types of  biotic and abiotic stress, these en-
zymes work in synchrony to eliminate ROS (Choudhury et 
al. 2013, Shahid et al. 2017).Generally, plants with greater 
en zy ma tic activity are more tolerant to different types of  
stress. However, Farid et al. (2019) reported that antioxidant 
ac tivities, i.e., APX, CAT, POD and SOD, were significantly 
im proved in the roots and leaves of  Zea mays L. by the app li-
ca tion of  CA compared to the non-citric acid-treated plant. 
In ad di tion, the results of  Maqbool et al. (2018) showed that 
foliar application of  CA enhanced SOD, POD and CAT ac-
ti vities more than the respective treatments without CA, at 
2.0 mM CA, CAT activity increased by 24 and 39 %, SOD 
activity increased by 20 and 12 %, POD activity increased 
by 79 and 24 %, in wastewater treatments at 50 and 100 % 
than the same wastewater treatments without CA.

Concerning chromium accumulation in different parts 
of  radish plant, the results show that the application of  CA 
en hanced the chromium accumulation in leaves, hypocotyl 
and roots by 88, 27.57 and 33.91 % respectively, compared 
to the plant exposed to chromium without treatment with 
CA. Farid et al. (2019) noted that CA application increase 
the accumulation of  heavy metals in Zea mays L. plant. 
How ever, citric acid was the most effective chelating agent 
in increasing the concentration of  Cu, Cr, and Pb in root 
and in the aerial part of  chicory and castor bean (Bursztyn 
Fuen tes et al. 2018). Unlike, Maqbool et al. (2018) re por ted 
that the foliar application of  citric acid reduced Cr con cen-
trations in plant (Spinacia oleracea) compared to the res pec-
tive treatments without CA.

C O N C L U S I O N
The results of  this study show that the application of  cit-

ric acid improved radish growth and stimulated the pro duc-
tion of  antioxidant enzymes, which can help the plant pro-
tect itself  against ROS produced under the presence of  chro-
mium VI. Concerning the accumulation of  chromium un der 

the application of  CA we have noted that CA increases the 
assimilation of  CrVI, therefore CA has increased the so lu-
bilization of  Cr(VI) in the soil and makes it more assimilable 
by the plant. Results confirm that CA can be successfully 
used in combination with the phytoremediation process for 
the de pollution of  soils contaminated by heavy metals.
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