
ABSTRACT
Brassica napus is a heavy metal hyperaccumulator plant which can tolerate high levels of heavy metals as 
compared to other plants. In the present study, B. napus was exposed to 20 and 50 mg/kg of Zn and 0 mg/
kg of Zn treated plants, which  were used as controls. The results showed that high Zn concentration reduced 
plant shoots length, roots length, chlorophyll contents and biomass in a dose-dependent manner as compared 
to controls. However, inoculation of bacterial isolated, Serratia sp. IU01 significantly improved (p < 0.05) 
all plant growth attributes as compared to uninoculated plants. The estimation of Zn accumulation through 
inductively coupled plasma mass spectrometry (ICPMS) in shoot and roots showed that a higher concentration 
of Zn was accumulated in roots as compared to shoot and inoculation significantly improved (p < 0.05) the 
Zn accumulation in roots as compared to uninoculated plants..
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the plants (Berg and Hallmann, 2006). Larger 
agricultural soil has been contaminated with 
heavy metals due to mining activities, industrial 
discharges and the application of agrochemicals 
and lime products (Bahadir et al., 2007). Severe 
heavy metal contamination in the soil may cause 
a variety of problems, including low crop yield 
and toxicity in plants, animals, and humans. 
A trace amount of few heavy metals such as 
Cu and Zn are essential for plant growth and 
natural development because they are used as 
co-factors for many enzymes (Ullah et al., 2015). 
However, high concentrations of both essential 
and unnecessary heavy metals in the soil can 
lead to toxic symptoms and growth inhibition in 
most of the plants (Dahmani-Muller et al., 2000). 
At the cellular level, excessive amounts of toxic 
heavy metal ions stimulate many stress responses 
and damage various cell components such as cell 
membranes, proteins and nucleic acid (Fidalgo et 
al., 2011; Chauvin et al., 2017). Bacterial mediated 
phytoremediation have been used to detoxify the 
heavy metal such as zinc (Zn) by immobilization 
and turn them harmless to the soil, water or air 
(Buendía-González et al., 2010). 

Contaminants such as minerals, pesticides, 
solvents, explosives, crude oil, and derivatives 
have been detoxified by bacterial mediated 
phytoremediation of plant such as Brassica napus 
(Fidalgo et al., 2011). Phytoremediation technique 
is a method of treatment that takes advantage 
of the ability of hyper-accumulator plants to 
accumulate heavy metals and toxic compounds 

INTRODUCTION

Endophytes are plants symbiotic microbes 
(bacteria and fungi), provide physiological support 
to the plants. They help plants in development 
and growth promotion (Jeger and Spence, 2001). 
The main benefit of the endophytic bacteria is 
assumed to be the stress resistant and make the 
plants stress resistant as well, (Sturz et al., 2000). 
The heavy metal stressor are very common in 
present age (Jeger and Spence, 2001; Bharti et 
al., 2016). From soil to plant, transport of heavy 
metals depends on total amount of heavy metals, 
in soil and rate of transfer of heavy element 
from soil to plant roots (Buendía-González et 
al., 2010). Numerous studies have described that 
endophytic bacteria can apply for agricultural 
purposes to enhance the phytoremediation role of 
the heavy metal accumulator plants (Sturz et al., 
2000).  In addition endophytes perform nutrients 
mobilization such as nitrogen production and 
phosphorus solubilization (Sharma et al., 2013), 
providing plant hormone such as auxin and 
gibberellin (Hardoim et al., 2008) and protect 
the diseases caused by soil-borne pathogens and 
hence plants are enabled to tolerate that heavy 
metal toxicity and go for phytoremediation,  
(Bahadir et al., 2007; Ullah et al., 2019). 

The heavy metal such as Zn has been a major 
threat to animals, plants, and human life due to 
their toxicity in living organisms. Contamination 
of soil with heavy metals enhances plant uptake 
leading to accumulation in various parts of 

Zn Treatment Shoot Root  Chlorophyll Fresh Dry
(mg/kg)  length (cm) Length (cm) contents (SPAD) biomass biomass
 
0 Uninoculated 12.46 ± 1.22a 12.33 ± 2.81a 22.11 ± 2.23a 60.54 ± 3.22a 21.62 ± 1.35a

 IU01 11.96 ± 1.52a 13.35 ± 2.53a 23.53 ± 3.13a 62. 43 ± 2.46a 23.41 ± 2.33a

10 Uninoculated  8.40 ± 1.38b 08.00 ± 1.43b 15.21 ± 1.67b 40.33 ± 1.53b 12.29 ± 0.66b

 IU01 10.96 ± 1.52a 11.00 ± 1.36a 21.74 ± 2.62a 57. 88 ± 2.76a 20.56 ± 2.45a

50 Uninoculated 5.38 ± 0.57c 6.25 ± 0.56c 12.56 ± 2.67c 15. 83 ± 1.45c 09.25 ± 0.56c

 IU01 9.84 ± 1.71a 10.71 ± 1.58a 20.56 ± 2.72a 52. 37 ± 2.41d 18.86 ± 2.75d

Mean ± SD values are presented in each column different letters represent the significant difference  
(p < 0.05) as analyzed by Duncan’s multiple range test.

Table 1. Plant growth characteristics of Brassica napus under various concentrations of Zn
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pots using (Wei et al., 2009) commercial soil. The 
plants were put in a growth chamber at 25 ± 2 °C. 
Two different Zn concentrations: 20 mg/kg and 
50 mg/kg of soil were used as treatments and 0 
mg/kg was (without Zn) was used as control. The 
experiment lasted for 4 weeks. Three replications 
were used and ten plants per replication were used 
in the experiment. Previously isolated bacterial 
strain Serratia sp. IU01 (Ullah et al., 2019) was 

from the environment and metabolize them in 
their tissues (Garbisu and Alkorta, 2001). B. napus 
has been used in studies of the effects of heavy 
metals such as cadmium hyper-accumulator 
(Ullah et al., 2013; Xia et al., 2016).

MATERIALS AND METHODS

Plant growth, Zn contamination and bacterial 
inoculation Brassica napus: plants were grown in 

Zn Treatment 
(mg/kg) Treatment  Zn concentration mg/kg of Plant DW*

   Shoot                         Root       

0 Uninoculated  ND* ND
 IU01  ND ND
10 Uninoculated  250.86 ± 5.95a 453.54 ± 5.57a

IU01   121.37 ± 3.54b 216.28 ± 7.25b

50 Uninoculated  327.28 ± 6.53c 752.34 ± 8.52c

 IU01  211.76 ± 5.54d 527.23 ± 14.42d

ND* = represents not detected and DW* = represents dry weight. The values are 
expressed as the mean ± SD and different letters represent significant differences 
(p < 0.05).

Table 2. Fresh and dry biomass of B. napus after treatment with different 
concentrations of Zn (mg/kg of soil).

Figure 1. Assessment of polyphenolic contents in plant exposed 
to Zn concentration (20 and 50 mg/kg). The means of the three 
values are presented as the mean ± SD and different letters on 
one treatment represent significant differences (p < 0.05).
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used in the present study as an inoculum to 
enhance plant phytoremediation capability. The 
IU01 was grown in LB broth of for 72 h at 37°C 
and inoculum was used to plants treated with 
different concentrations 0, 20 and 50 mg/kg of 
soil. Whereas, 0 mg/kg of Zn was used as control 
to compare the treated and untreated results.

Estimation of growth attributes of B. napus: The 
experiment was harvested after 50 days and plant 
growth attributes of Zn treated and control plant 
was determined. The total length of the plants (Zn 
treated and control) was measured as root length 
and shoot lengths. Fresh biomass plant after 
harvesting was measured and then plants were 
dried at 100°C for 10 min and dried biomass was 
measure. The chlorophyll contents of the treated 
and control plants were also determined using 
chlorophyll meter (SPAD- 502, Minolta, Japan).

Zinc accumulation in B. napus: The oven-dried 
plant samples were crushed into powder using 
mortar and pestle and the 100 mg of powder were 
subjected to acid digestion. The solution, HNO3-
HClO4 was used to digest the sample powder. The 
concentration of Zn samples digested with acid 
was estimated through double plasma spectral 
analysis (ICP, PerkinElmer, USA). 

Assessment of proline content: Proline contents 
of the plants under Zn stress and control were 
estimated through spectrophotometer at OD 765 
nm. The plant was crushed in 0.5 mL methanol 
and the extract was added with 10% Folin-
Ciocalteu reagent (2.5 mL). The mixture was 
dissolved in a solution of 7.5% Na2CO3 in 2 mL 
water. The blank was made as same without plant 
sample. The samples were incubated at 45°C for 45 
min and absorbance was measured at 765 nm. 

Statistics: The data were analyzed obtained from 
three independent experiments and analysis using 
Duncan’s multiple range test.

RESULTS AND DISCUSSION

Estimation of growth attributes of B. napus: The 
plants grown under different Zn concentration 
i.e., 20 and 50 mg/kg and effects of Zn stress 
was determined on plant. The growth attributes 

such as chlorophyll contents, roots and shoot 
lengths, fresh biomass and dry biomass was 
determined as compared to 0 mg/kg of soil, used 
as control. The results revealed that Zn stress 
at 20 and 50 mg/kg significantly reduced (p < 
0.05) the chlorophyll contents, roots length, and 
shoots length, dry biomass and fresh biomass as 
compared to control. However, inoculation of 
isolate IU01 improved the shoots length, roots 
length, chlorophyll contents, fresh and dry 
biomass as compared to plant exposed to different 
concentration of Zn as well as control (Table 1). 
The growth reduction compared to the control was 
evident at higher concentrations of Zn. The length 
of roots and shoots were significantly affected 
in a dose-dependent manner compared to the 
length of the control plants. Heavy metal resistant 
bacteria, e.g., Morganella sp., Providencia spp., 
and Stenotrophomonas sp., were reported to have 
great bio-sorption and mobilization potential 
(Kartik et al., 2016). Previous studies have shown 
that bacterial endophytes were not only capable 
of detoxifying heavy metal toxicity but also 
promoting plant growth (Jabeen et al., 2009; 
Ullah et al., 2013; Fidalgo et al., 2011). 

It has also been reported a Zn tolerant bacterial 
isolate, from different plants promoted plant 
growth and Zn tolerance in Brassica plants (He et 
al., 2013). Heavy metal resistant and plant growth 
promoting bacteria: Azomonas sp. RJ4, Bacillus 
sp. RJ16, Xanthomonas sp. RJ3, Bacillus sp. RJ31 
and Pseudomonas sp. RJ10 have been reported 
to have effective in plant growth promotion and 
biomass enhancement in B. napus and B. juncea 
(Mata et al., 2002; Sheng et al., 2008; Ma et al., 
2013; Wan et al., 2012; Liu et al., 2009; Kurzbaum 
et al., 2014).

Assessment of Zn accumulation in shoots 
and roots of the B. napus: The level of Zn 
accumulations in shoots and roots of the plants 
grown in 20 and 50 mg/kg of Zn were evaluated. 
The results revealed that the B. napus plant 
accumulated significantly higher concentration 
in roots then shoot. In addition, the inoculation 
of IU01 markedly improved the Zn accumulation 
the roots of B. napus (Table 2). The accumulation 
of heavy metals in parts of plants i.e., shoot and 
roots has presumably attributed to the extensive 
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root of the plants. Biomass increase through 
endophytic bacteria confined to the roots of the 
plants (Sheng et al., 2008). Same results of Zn 
accumulation were also reported by Wei et al. 
(2013), their report showed that an increase in Zn 
in the soil was associated with higher amounts 
of Zn accumulating in roots of the B. napus. The 
studies conducted by Malandrino et al., (2006), 
Wan et al., (2012) showed that Zn accumulation 
was higher in the roots of plant as compared 
to shoots. Similarly Wan et al. (2012) reported 
that the level Zn accumulated in the roots was 
many-fold higher as compared to the shoots of 
the B. napus.

Effects Phenolic contents on plant under Zn stress: 
The results revealed that high concentration of Zn 
markedly increase the phenolic content of plants 
treated with 20 and 50 mg/Kg of Zn as compared 
to control. The IU01 inoculation significantly (p 
< 0.05) decrease the total phenolics in plants 
stressed with Zn various concentration such as 
20 and 50 mg/kg as compared to uninoculated 
plant (Fig. 1). Zinc stress in plants was neutralized 
by phenolic contents produced by plants under 
the plant defense system (Ahmad et al., 2014; 
Hossain et al., 2012). Application of strain 
IU01 on B. napus plant treated with different 
Zn concentration, mediated the antioxidant 
activities significantly (p < 0.05) as compared 
to uninoculated plants. Previously, it has been 
reported that phenolic contents in plants were 
increased when exposed to high level of heavy 
metal; however, application of IU01 significantly 
reduced the phenolic contents (Wang et al., 2008). 
Moreover, the reduction antioxidant activities was 
presumed to be because of increased biomass in 
bacterial inoculated plants (Ullah et al., 2019).

CONCLUSION

Zinc is a toxic heavy metal to plants and animals 
including human being even at low concentration. 
The Zn contamination has been a main problem 
in recent decades. Phytoremediation mediated ny 
bacteria is among the most important strategy 
through which the heavy metals are eliminate 
from the soil. In the present study, B. napus 
inoculated with IU01 was used in Zn contaminated 
soil. The IU01 was assessed to enhance the Zn 

accumulation predominantly in roots.
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