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Abstract Chromium (Cr) is among the most toxic pollutants
in the environment that adversely affect the living organisms
and physiological processes in different plants. The present
study investigated the effect of 15 mg L−1 of 5-
aminolevulinic acid (ALA) on morpho-physiological attri-
butes of cauliflower (Brassica oleracea botrytis L.) under dif-
ferent Cr concentrations (0, 10, 100, and 200 μM) in the
growth medium. The results showed that Cr stress decreased
the growth, biomass, photosynthetic, and gas exchange pa-
rameters. Chromium stress enhanced the activities of enzy-
matic antioxidants, catalase (CAT), superoxide dismutase
(SOD), and peroxidase (POD) in response to oxidative stress
caused by the elevated levels of malondialdehyde (MDA),
hydrogen peroxide (H2O2), and electrolyte leakage (EL) in
both roots and leaves of cauliflower. Chromium concentra-
tions and total Cr uptake were increased in leaves, stems,
and roots with increasing Cr levels in the culture medium.
Foliar application of ALA increased the plant growth param-
eters, biomass, gas exchange parameters, and photosynthetic
pigments under Cr stress compared to the treatments without
ALA. Foliar application ALA decreased the levels of MDA,

EL, and H2O2 while further improved the performance of
antioxidant in both leaves and roots compared to only Cr-
stressed plant. Chromium concentrations and total Cr uptake
were decreased by the ALA application compared to treat-
ments without ALA application. The results of the present
study indicated that foliar application of ALA might be bene-
ficial in minimizing Cr uptake and its toxic effects in
cauliflower.

Keywords Cauliflower . Photosynthesis . Antioxidant
enzymes . Chromium . Electrolyte leakage ALA . Hydrogen
peroxide .Malondialdehyde

Introduction

Under natural conditions, agricultural crops are prone to nu-
merous biotic and abiotic stresses such as heavy metals, dis-
eases, drought, and salinity (Ahmad et al. 2014; Rizwan et al.
2015; Adrees et al. 2015a; Khan et al. 2016). Heavy metal
(HM) toxicity in plants is the most widespread problem which
not only limit the crop growth and yield but also enters in the
system of humans and animals through the food chain (Liu
et al. 2015; Khan et al. 2015a; Rizwan et al. 2016a).
Chromium, (Cr) among HMs, mainly enters in the soil
through anthropogenic activities (leather tanning, metallurgi-
cal, etc.) and causes toxic effects on plant growth, develop-
ment, and yield (Shakir et al. 2012; Khan et al. 2015b). The Cr
concentration in soil may vary greatly depending on the com-
position of natural rocks and sediments as well as anthropo-
genic activities (Oliveira 2012; Singh et al. 2013). Many stud-
ies have witnessed that Cr stress decreased the plant growth
and yield, caused leaf chlorosis and root damage, and finally,
resulted in plant death (Gill et al. 2015; Dheeba et al. 2015;
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Gill et al. 2015; Ali et al. 2015a). Moreover, Cr toxicity se-
verely inhibited the synthesis of protein contents and photo-
synthetic pigments in plants (Rodriguez et al. 2012; Singh
et al. 2013; Gill et al. 2016a). Furthermore, Cr toxicity caused
the overproduction of reactive oxygen species (ROS) in dif-
ferent plants and induced the severe oxidative stress in plants
(Gill et al. 2015, 2016b). Naturally, plants have a well-
developed antioxidative defense system, which is comprised
of key antioxidant enzymes such as catalase (CAT), superox-
ide dismutase (SOD), peroxidase (POD), superoxide dismut-
ase (SOD), and ascorbate peroxidase (APX) to overcome the
ROS generation. However, plants fail to cope with ROS gen-
eration, especially under sever metal stress conditions (Singh
et al. 2013; Jabeen et al. 2016; Ali et al. 2015b).

Different strategies have been used to reduce the HMs’
toxicity, uptake, and accumulation in crop plants (Rehman
et al. 2015; Adrees et al. 2015b; Rizwan et al. 2016b;
Younis et al. 2016). One of such approach is the exogenous
application of plant growth regulators (PGRs) to enhance
the plant tolerance against metal toxicity (Ali et al. 2013a;
Xu et al. 2015; Rizwan et al. 2016c). 5-Aminolevulinic
acid (ALA) is considered pivotal PGRs being used against
metal stress in plants (Ali et al. 2014). It has been widely
reported by many researchers that exogenous application
of ALA increased the activities of antioxidant enzymes,
rate of photosynthesis, gas exchange characteristics, nutri-
ent uptake, and improved the ultrastructural changes in
Brassica napus under salt stress (Naeem et al. 2010,
2011, 2012). However, little information is available about
the role of ALA under heavy metal stress (Ali et al. 2013a,
2014). Exogenous application of ALA improved the
Brassica napus growth, mineral nutrients, and antioxida-
tive defense system under cadmium (Cd) and lead (Pb)
stresses (Ali et al. 2013a, 2014).

Vegetables are commonly grown in pre-urban soils con-
taminated with HMs, including Cr, mainly due to the applica-
tion of raw city effluents and tannery wastewaters (Ali et al.
2015c; Liu et al. 2015). In addition, these vegetables are main-
ly irrigated with city effluent which contains not only plant
nutrients but also toxic HMs (Khan et al. 2015b). Overall,
vegetables grown on pre-urban soils may contain higher con-
centrations of HMs especially Cr in edible parts and thus in-
crease the risk of food chain contamination (Younis et al.
2016). Keeping in view the importance of Cr contamination
in vegetables, this study was aimed to alleviate the Cr toxicity
and uptake in cauliflower through foliar application of ALA.
Our hypothesis is that exogenous ALA may alleviate Cr tox-
icity and play an important role in metal tolerance in cauli-
flower by reducing oxidative damage through improving the
activities of antioxidant enzymes. Thus, this study was carried
out to evaluate the potential of ALA on cauliflower growth,
biomass, Cr uptake, and activities of antioxidant enzymes in
Cr-stressed conditions.

Materials and methods

Plant materials and growth conditions

Seeds of cauliflower were purchased from the Ayub
Agricultural Research Institute (AARI), Faisalabad,
Pakistan. Healthy and uniform seeds were surface sterilized
with ethanol (70%) for 1 min, dipped in sodium hypochlorite
(0.01 g mL−1) for 5 min, and, finally, rinsed with distilled
water. Physiochemical characteristics of soil were electrical
conductivity of soil extract, 2.9 dS m−1; pH, 6.6; texture, clay
loam; organic matter, available phosphorus, 2.2 mg kg−1

0.3%; and sodium adsorption ratio, 6.5 (mmol−1)1/2. Initial
soil HCO3, Cl−, SO4

2−, Ca2+, Na+, and K+ concentrations
(mmol L−1) were 3.2, 2.3, 6.2, 3.5, 3.7, and 0.06, respectively.
Available Cu, Zn, and Cr concentrations were 0.35, 0.85, and
0.04 mg kg−1, respectively. The pot experiment was conduct-
ed in a botanical garden at 18–25 °C and about 70% humidity.
To prepare seedlings, seeds were sown in sand washed with
5% hydrochloric acid (HCl) and then washed thrice with dis-
tilled water. After 4 weeks of seed sowing, seedlings of similar
size were carefully uprooted from sand and transplanted in
pots containing 5 kg of soil. Each pot was fertilized with a
500 mL solution containing 0.5 g L−1 P as (NH4)2HPO4,

2.19 g L−1 N as (NH2)2CO, and 2.14 g L−1 K as K2SO4.
Plants were regularly watered to maintain about 70% of the
soil water holding capacity, and weeds were removed manu-
ally and buried in the same pot.

Treatments

After 4 weeks of transplantation, the plants were irrigated with
0, 10, 100, and 200 μM Cr solution (500-mL pot−1) in the
form of K2Cr2O7 (Sigma) in 7-day interval. These Cr concen-
trations were selected based on our previous study indicating
that 100 μM showed slight damage to plant growth while
400 μM Cr imposed a marked damage to plant growth (Gill
et al. 2015). Hexavalent chromium [Cr(VI)] was selected as it
is relatively more toxic than trivalent chromium [Cr(III)] due
to its higher solubility and mobility in nature as compared to
the Cr(III) (Singh et al. 2013). Plants were sprayed twice (at
the time of first Cr treatment and then after 7 days) without
and with 15 mg L−1 ALA solution (Cosmo Oil Co. Ltd.,
Japan) on upper and lower surface of the leaves until runoff.
The experiment was performed as a complete randomized
design (CRD) having three replications.

Plant sampling and analysis

After the imposition of Cr for 4 weeks, plants were harvested
and washed thoroughly with distilled water and deionized
water, respectively. Growth parameters including plant height,
number of leaves per plant, root length, and leaf area were
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measured. Fresh weights of leaf, root, stem, and flower were
weighed. These were dried at 70 °C in an oven for about 72 h
and then again weighed for plant dry weights.

Photosynthetic pigments and gas exchange parameters

After 3 weeks of Cr imposition, carotenoid and chlorophyll
contents were determined in the uppermost fully expanded
leaf. Pigments were extracted from leaves by incubating in
85% (v/v, Sigma) aqueous acetone by continuous shaking at
4 °C in the dark until the color had completely disappeared
from the leaves then centrifuged at 4000×g for 10 min at 4 °C,
and supernatant was taken. Spectrophotometer (Halo DB-20/
DB-20S, Dynamica Company, London, UK) was used to
measure the light absorbance at 663, 644, and 452.5 nm
(Metzner et al. 1965). The concentration of chlorophyll and
carotenoid was determined by using the adjusted extinction
coefficients and equations (Lichtenthaler 1987).

For gas exchange characteristics, uppermost fully expand-
ed leaf was taken and infrared gas analyzer (IRGA)
(Analytical Development Company, Hoddesdon, England)
was used for the measurement of transpiration rate (E), net
photosynthetic rate (Pn), stomatal conductance (gs), and water
use efficiency (WUE). These parameters were taken between
10:00 a.m. and 11:00 a.m. when the plants were fully
functional.

Determination of electrolyte leakage, malondialdehyde,
and hydrogen peroxide

Electrolyte leakage (EL) was measured according to the meth-
od described by Dionisio-Sese and Tobita (1998). After
4 weeks of treatments, the topmost fully expanded leaves were
taken and cut into small parts of about 5 mm length and posi-
tioned in the test tubes containing 8 mL deionized water. The
electrical conductivity of initial medium (EC1) was assessed
after placing the tubes in an incubator in a water bath at 32 °C
for 2 h. Then, the samples were again autoclaved at 121 °C for
20 min, cooled to 25 °C, and again, electrical conductivity
(EC2) was measured. Finally, EL was calculated by using
the following formula:

EL ¼ EC1=EC2ð Þ � 100 ð1Þ

Lipid peroxidation in the leaf tissue was determined by
measuring the malondialdehyde (MDA) contents of the sam-
ples. For this, thiobarbituric acid (TBA) reaction was used
according the method described by Heath and Packer (1968)
with minor modifications (Dhindsa et al. 1981; Zhang and
Kirham 1994). Fresh sample (0.25 g) was mixed in 5 mL of
0.1% trichloroacetic acid (TCA), and then, the mixture was
centrifuged at 12,000×g for 15 min. To 1.0 mL aliquot of the
supernatant, 4 mL of 20% TCA comprising 0.5% TBA was

added, heated at 95 °C for 30 min, and then rapidly cooled in
an ice bath and centrifuged at 10,000×g for 10 min. The ab-
sorbance of the supernatant was measured at 532 nm, and
value for non-specific absorbance at 600 nm was subtracted.
The MDA content was calculated by means of an extinction
coefficient of 155 mM−1 cm−1.

Hydrogen peroxide (H2O2) was determined by homogeniz-
ing 50 mg root/leaf soft tissue in 3.0 mL of phosphate buffer
(50 mM, pH 6.5). The homogeneous mixture was centrifuged
at 6000×g for 30 min. For the estimation of H2O2 content,
extracted sample solution (3 mL) was mixed in 1 mL of
0.1% titanium sulfate in 20% (v/v) H2SO4. The mixture was
centrifuged at 6000×g for 20 min. The strength of yellow
color of the supernatant mixture was evaluated at 410 nm,
and H2O2 content was calculated by using the extinction co-
efficient of 0.28 μmol−1 cm−1.

Determination of enzymatic antioxidants

For the determination of antioxidant enzymes, plant sampling
was done after exposure of plants to different treatments for
4 weeks; antioxidant enzymes, including catalase (CAT), su-
peroxide dismutase (SOD), and peroxidase (POD) in both
roots and leaves, were measured by using a spectrophotome-
ter. The liquid nitrogen medium was used to grind the leaves
and root samples with the help of mortar and pestle. This
pattern was standardized in 0.05 M phosphate buffer (main-
taining pH at 7.8), and four layers of muslin cloth were used to
filter the samples. All the samples were centrifuged at
12,000×g for 10 min under 4 °C, and the extract was collected
for further analysis. Both SOD and POD activities were deter-
mined according to Zhang (1992), and CATactivity was mea-
sured according to Aebi (1984). In brief, for CAT activity, the
assay mixture (3.0 mL) consisted of 100 μL enzyme extract,
100 μLH2O2 (300mM), and 2.8 mL 50mMphosphate buffer
with 2 mM CA (pH 7.0). Finally, the CAT activity was deter-
mined by measuring the decrease in absorbance at 240 nm
because of the H2O2 disappearance (ε = 39.4 mM−1 cm−1).

Chromium content analysis

Dry plant samples (0.5 g) were digested in a 100-mL capacity
flask by adding 15 mL of concentrated HNO3 (Sigma), and
then, a hot plate containing temperature up to 275 °Cwas used
for digestion of samples and dens yellow fumes started from
the samples. When the quantity of dens yellow fumes became
low, then hydrogen peroxide was added until fumes disap-
peared. When sample color disappeared, the flasks were re-
moved from the hot plate and 25 mL of volume was made
with distilled water. Flame atomic absorption spectrometry
(novA A400 Analytik Jena, Germany) was used for the deter-
mination of Cr contents in the samples. The maximum detec-
tion limit of the instrument was 4 mg L−1 for Cr.
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Data quality

Data quality was maintained by using three replicated of reagent
blanks during the digestion and extraction of plant samples. All
the instruments were calibrated by using working solutions,
which were prepared, by using standard stock solutions from
certified suppliers (i.e., Sigma Aldrich, Hamburg, Germany).

Statistical analysis

All values presented in this study are mean of three replicates.
Student’s t test was performed to test whether the average
concentrations in the ALA-treated pots differed from those
of without ALA-treated pots under the same Cr stress.
Results that were significantly different were marked by (*)
for p ≤ 0.05, (**) for p ≤ 0.01, and (***) for p ≤ 0.001.
Statistics were performed using the XLSTAT package
(Addinsoft, Paris, France).

Results

Plant growth

Chromium stress significantly (p ≤ 0.05) decreased the root
length, plant height, leaf area, and number of leaves in compar-
ison with control (Fig. 1). There were decreasing trend in these
parameters with increasing Cr levels in the medium. At the
highest Cr (200 μM) treatment, the decrease in plant height,

number of leaves per plant, root length, and leaf area was about
52.3, 40.8, 42.8, and 44.4% in comparison to the control, respec-
tively. Foliar applied ALA markedly increased the growth pa-
rameters compared to the respective Cr treatments alone. At
ALA +200 μM Cr treatment, the increase in number of leaves
per plant, plant height, leaf area, and root length was about 32,
32, and 11%, respectively, as in comparison to sameCr treatment
separately. However, there was no significant increase that could
be deducted in root length at the same Cr treatment.

Root, stem, leaf, and flower dry weights were markedly de-
creased under Cr stress as in comparison with the control
(Table 1). The highest decrease in these dry weights was at the
highest Cr level in the growth medium. The reduction in root,
stem, leaf, and flower dryweights was about 52, 41, 53, and 74%
in comparison with the control. The foliar applied ALA signifi-
cantly increased the dry weights of root, stem, leaf, and flowers
under Cr-stressed conditions in comparison to the respective Cr
treatments alone. Foliar applied ALA + Cr stress caused an in-
crease in the dry weights of all observed cauliflower parts in
comparison with the respective Cr treatments. This increase in
root, stem, leaf, and flower weights was about 19, 18, 22.5, and
39% as in comparison with the 200 μM Cr treatment,
respectively.

Gas exchange characteristics and photosynthetic pigments

Under chromium stress, linear reduction in gas exchange pa-
rameters, transpiration rate, water use efficiency, net photo-
synthetic rate, and stomatal conductance was observed
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Fig. 1 Effect of ALA
(15 mg L−1) on various Cr (0, 10,
100, and 200 μM) treatments on
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and leaf area (d) of cauliflower
seedlings grown in soil. Values
are expressed as means of three
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denotes significance relative to
the same Cr treatment without
ALA as determined by Student’s t
test at a p < 0.05 and double
asterisks at p < 0.01
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compared to the control (Fig. 2). Foliar applied ALA in cau-
liflower increased the gas exchange parameters in comparison
with the respective Cr treatments. As compared to the untreat-
ed control, there was no significant increase in the gas ex-
change parameters to the ALA application without Cr stress.
The highest increase (p ≤ 0.001) in water use efficiency was
observed in 200 μM Cr + ALA treatment as compared to the
same Cr treatment (Fig. 2d). Similarly, the highest significant
increase (p ≤ 0.01) in transpiration rate, net photosynthetic
rate, and stomatal conductance was observed at 100 μM Cr

+ ALA treatment as compared on exposure to Cr treatment
alone (Fig. 2a–c).

The photosynthetic pigments, total chlorophyll, carotenoid,
and chlorophyll a and b, were significantly decreased in all Cr
treatments (10, 100, and 200 μM) in comparison with the
control (Fig. 3). Foliar applied ALA increased the photosyn-
thetic pigments under Cr-stressed conditions as compared to
the respective Cr stress separately. There was a marked in-
crease (p ≤ 0.05) in photosynthetic pigments between with
and without ALA at lower Cr stress (10 and 100 μM) while

Table 1 Effect of ALA
(15 mg L−1) on dry weights of
root, stem, leaf, and flower of
cauliflower seedlings grown in
soil under Cr (0, 10, 100, and
200 μM) stress

Treatments Root dry weight (g
plant−1)

Stem dry weight (g
plant−1)

Leaf dry weight (g
plant−1)

Flower dry weight (g
plant−1)

Control 14.7 ± 0.6 17.7 ± 0.6 20.9 ± 0.8 121 ± 3.6

ALA
(15 mg -
L−1)

17 ± 1.0* 20.9 ± 0.8** 22 ± 0.5* 140.7 ± 7.3**

Cr 10 (μM) 11.6 ± 0.4 15.5 ± 0.5 16.7 ± 0.6 90.6 ± 10

Cr 10 + ALA 13.0 ± 0.5* 17.3 ± 0.7* 18.9 ± 0.5** 112.7 ± 4.5*

Cr 100 (μM) 8.8 ± 0.3 12.5 ± 0.4 14.9 ± 0.5 67.7 ± 7

Cr 100 +
ALA

10.3 ± 0.5** 13.6 ± 0.6* 15.7 ± 0.8 74.6 ± 4.5

Cr 200 (μM) 7.03 ± 0.5 10.4 ± 0.2 9.7 ± 0.7 31.3 ± 3.5

Cr 200 +
ALA

8.4 ± 0.5* 12.2 ± 0.7** 11.9 ± 0.4** 43.6 ± 4.1**

Values are expressed as means of three replicates with standard deviations. Single asterisk denotes significance
relative to the same Cr treatment without ALA as determined by Student’s t test at a p < 0.05 and double asterisks
at p < 0.01
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Fig. 2 Effect of ALA
(15 mg L−1) on various Cr (0, 10,
100, and 200 μM) treatments on
transpiration rate (a), stomatal
conductance (b), net
photosynthetic rate (c), and water
use efficiency (d) of cauliflower
seedlings grown in soil. Values
are expressed as means of three
replicates with standard
deviations. Single asterisk
denotes significance relative to
the same Cr treatment without
ALA as determined by Student’s t
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these pigments remained unaffected (p ≤ 0.05) at the higher Cr
treatment (200 μM).

Oxidative stress and antioxidative enzyme activities

The contents of EL, H2O2, andMDAwere examined in leaves
and roots of cauliflower plants under different chromium
levels in the presence or absence of ALA (Fig. 4).
Electrolyte leakage, MDA, and H2O2 contents were gradually
increased in both cauliflower parts viz. roots and leaves with
increasing Cr levels as compared to the control. Foliar appli-
cation of ALA decreased oxidative stress in comparison to the
respective Cr treatments. The significant decrease in root EL
was noted at 100 μM Cr treated with ALA as compared to
without ALA. However, the significant (p ≤ 0.01) decrease in
both roots and leaves MDA contents was observed at 200 μM
Cr + ALA treatment in comparison with the same Cr treat-
ment. Similarly, the significant decrease (p ≤ 0.001) in H2O2

contents in leaves was observed in 200 μMCr + ALA-treated
plants as compared the same Cr treatment alone.

Chromium stress markedly disturbed the activities of
antioxidant enzymes in leaves and roots (Fig. 5). In both
cauliflower parts viz. leaves and roots, the activities of key
antioxidant enzymes (CAT, SOD and POD) were signifi-
cantly increased under Cr stress in comparison with respec-
tive untreated control. The application of 10 and 100 μM
Cr treatments gradually and markedly increased the activ-
ities of antioxidant enzymes as compared to the control.
However, 200 μM Cr treatment decreased the activities
of the estimated antioxidant enzymes as compared to
100 μM Cr treatment, but there were observed higher ac-
tivities as compared to other Cr treatments as well as un-
treated control except activity of POD enzyme in leaves.
Foliar applied ALA further increased the activities of anti-
oxidant enzymes in comparison with the respective Cr
treatments alone. The highest significant increase in CAT
activity was noted in root treated with 100 μM Cr + ALA
in comparison with the same Cr treatment when applied
separately. Similarly, the highest significant increase in
SOD activity was found in leaves treated with 10 μM Cr
+ ALA as compared to the same Cr treatment alone.
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Chromium contents

The contents of Cr in root, stem, leaf, and flower of cauliflow-
er plants are presented in Table 2. The Cr contents significant-
ly enhanced in all plant parts with the increasing levels of Cr in
the growth medium. Chromium contents were highest in the
roots followed by stem, leaf, and flower, respectively. Foliar
applied ALA significantly reduced the Cr contents in all ob-
served plant parts as compared to the respective Cr treatments
alone. Total Cr uptake increased with increasing Cr levels in
the soil while ALA application markedly reduced the total Cr
uptake by the plants in comparison with the respective Cr
treatments when applied individually except in flowers treated
with 200 μM Cr (Fig. 6). In flowers, the highest significant
decrease (p ≤ 0.05) in total Cr uptake was observed at 100 μM
Cr + ALA as compared to the same Cr treatment (Fig. 6a).
Similarly, the significant decrease (p ≤ 0.01) in total Cr uptake
was observed at both 10 and 100 μM Cr + ALA in compar-
ison with the respective Cr treatments (Fig. 6b).

Discussion

In the present investigation, application of Cr in the growth
medium influenced negatively on the plant growth, develop-
ment, and biomass. The reduction in growth trend was higher
at higher Cr levels in the medium solution (Fig. 1; Table 1).
Several studies have shown the toxic impacts of Cr on plant
growth, development, and biomass including B. napus
(Afshan et al. 2015), mung bean (Jabeen et al. 2016), and
wheat (Ali et al. 2015a, 2015b). Chromium-mediated decrease
in different characteristics of plant growth, development, and
biomass might be due to the lower uptake and accumulation of
nutrients by plants as Cr interaction with nutrients occurs and
limit their uptake by plants (Pradas-del-Real et al. 2013). It
was reported that Cr toxicity damaged ultrastructure of differ-
ent parts of B. napus (Gill et al. 2015). Ali et al. (2013b)
reported that Cr stress caused damage in the root tip cells of

barley. However, Cr toxic effects on plant depend and vary
markedly with different growth conditions and plant species
(Diwan et al. 2012; Gill et al. 2015). Foliar application of
ALA increased different characteristics of plant growth, de-
velopment, and biomass under Cr stress compared to the re-
spective Cr treatments alone (Fig. 1, Table 1). The promotive
role of ALA has also been reported in B. napus under Pb and
Cd stresses (Ali et al. 2013a, 2014). Akram et al. (2012) re-
ported that ALA could regulate a number of metabolic pro-
cesses in sunflower under salt stress, thereby improving plant
growth and biomass. Ameliorative effects of ALA and differ-
ent parameters of plant growth, development, and biomass
might be due to the ameliorative effect of ALA on cauliflower
ultrastructure under Cr stress as was found in B. napus under
Cd stress (Ali et al. 2013a).

Gas exchange parameters and chlorophyll contents de-
creased with increasing Cr levels (Figs. 2 and 3). These results
are in accordance with recent findings indicating that Cr is
toxic to plants and decreased chlorophyll contents (Afshan
et al. 2015; Jabeen et al. 2016). Chromium-induced reduction
in photosynthesis might be due to reduction in iron contents in
leaves of cauliflower and Cr-mediated toxic effects on chlo-
rophyll metabolism. Rodriguez et al. (2012) reported that Cr
stress altered the morphology of chloroplasts and severely
affected the Rubisco activity of pea (Pisum sativum L.) seed-
lings. Reduction of chlorophyll contents might also be due to
the production of enzymes involving in chlorophyll degrada-
tion or inhibition of its biosynthesis under Cr stress (Singh
et al. 2013). Photosynthetic pigments were damaged by Cr
through oxidative stress. Similar reasons might also be in-
volved in reduction of photosynthesis in cauliflower under
Cr-stressed conditions. Foliar applied ALA increased the pho-
tosynthesis of plants in Cr applied treatments in comparison to
the respective Cr treatments applied separately (Figs. 2 and 3).
Several studies have reported that the addition of ALA caused
the increase in photosynthetic parameters in B. napus under
salt (Naeem et al. 2010, 2011, 2012) and HM stresses (Ali
et al. 2013a, 2014). ALA-mediated increase in chlorophyll

Table 2 Effect of ALA
(15 mg L−1) on Cr concentrations
in root, stem, leaf, and flower of
cauliflower seedlings grown in
soil under Cr (0, 10, 100, and
200 μM) stress

Treatments Root Cr (mg kg−1) Stem Cr (mg kg−1) Leaf Cr (mg kg−1) Flower Cr (mg kg−1)

Control 0 0 0 0

ALA (15 mg L−1) 0 0 0 0

Cr 10 (μM) 1030 ± 26.4 626.7 ± 25.2 482.7 ± 2.5 282.7 ± 2.5

Cr 10 + ALA 830 ± 26.4*** 484.3 ± 45.0** 343.3 ± 35.1*** 176.6 ± 35.1**

Cr 100 (μM) 1600 ± 50 1030 ± 26.5 940 ± 36.1 440 ± 36.1

Cr 100 + ALA 1133.3 ± 125.8** 830 ± 26.5*** 693.3 ± 60.3** 293.3 ± 60.3*

Cr 200 (μM) 2070 ± 72.1 1600 ± 50 1350.3 ± 94.6 625 ± 25

Cr 200 + ALA 1600 ± 50*** 1133.3 ± 125.8** 1058.4 ± 101** 535 ± 49.2*

Values are expressed as means of three replicates with standard deviations. Single asterisk denotes significance
relative to the same Cr treatment without ALA as determined by Student’s t test at a p < 0.05, double asterisks at
p < 0.01, and triple asterisks at p < 0.001

Environ Sci Pollut Res (2017) 24:8814–8824 8821



and photosynthetic parameters in Cr applied plants might be
due to the preventive role of ALA in reducing chloroplast
ultrastructural damage as was observed in B. napus under
Cd-stressed conditions (Ali et al. 2013a). Our findings in this
study showed that ALA foliar application markedly increased
the photosynthetic pigments at lower Cr (10 and 100 μM)
stress while these were non-significantly improved at higher
Cr stress (200 μM) as in comparison with the respective Cr
applied treatments separately (Fig. 3). Chromium toxic effects
on the photosynthetic pigments depend upon the duration of
the Cr stress applied (Oliveira 2012; Singh et al. 2013).
Furthermore, the ALA-mediated non-significant increase in
chlorophyll a content has also been found in B. napus under
500μMCd level in hydroponics for 15 days (Ali et al. 2013a).
Thus, it can be suggested that there might be ALA-mediated
significant increase in photosynthetic pigments under Cr stress
during the long-term exposure to Cr stress applied than the
present study.

In the present study, Cr toxicity caused oxidative stress,
EL, MDA, and H2O2 and caused significant increase in
antioxidant enzymes activities at lower Cr (10 and
100 μM) while decrease at higher Cr levels (200 μM) in
both leaves and roots of cauliflower (Figs. 4 and 5). Our
present results are in accordance with the recent published
studies that Cr stress affected the activities of antioxidant
enzymes in B. napus (Afshan et al. 2015; Ali et al. 2015a,
b). It was observed that Cr-stressed treatments at 50 and
100 ppm levels caused a reduction in the CAT activity in

hydroponically grown wheat for 7 days (Dey et al. 2009).
Gill et al. (2015) reported that Cr increased the activity of
CAT enzyme while it decreased activity of APX enzyme
in B. napus. The increase in oxidative stress and decrease
in antioxidant enzyme activities at higher concentrations
of Cr (200 μM) might be due to higher Cr uptake and
accumulation in cauliflower which deteriorated the de-
fense mechanism of cauliflower against Cr stress. The
decrease in antioxidant enzyme activities, in plants under
Cr stress, suggests the lower efficiency of antioxidants
enzymes to scavenge ROS, and as a result, decrease in
the plant growth and biomass was observed under higher
Cr stress. Exogenous application of ALA decreased the
oxidative stress and enhanced the antioxidant enzyme ac-
tivities under Cr stress (Figs. 4 and 5). ALA at lower
concentration increased the H2O2 production in spinach
leaves and increased the antioxidant enzyme activities
(Nishihara et al. 2001). ALA decreased the MDA contents
in B. napus plants under herbicide stress conditions
(Zhang et al. 2008) which is in agreement with our obser-
vations that ALA at lower Cr concentration declined the
MDA content as compared to ALA alone at higher Cr
concentrations in cauliflower. ALA-mediated reduction
in oxidative stress and enhancement in the activities of
antioxidant enzymes might be a very successful strategy
of plants against metal stress.

Chromium concentrations and total Cr uptake increased
in all observed plant parts with an increase in Cr levels in
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the growth medium (Fig. 6; Table 2). The Cr contents
were highest in the roots followed by stem, leaves, and
flowers. These results indicated the ability of the plants to
avoid Cr stress by depositing in the roots and less trans-
location towards shoots (Afshan et al. 2015; Ali et al.
2015). The application of ALA decreased the Cr concen-
trations and Cr uptake by the cauliflower as compared to
the same treatments without the ALA supply except Cr
uptake by flowers at the highest Cr treatment + ALA as
compared to the same Cr treatment without ALA (Fig. 6,
Table 2). The decrease in Cr uptake by foliar applied ALA
might be due to the ALA-mediated activation of antioxi-
dant machinery and reduction in the ultrastructural root
tip damages (Ali et al. 2014). The increase in total Cr
uptake (concentration × dry biomass) by flowers treated
with 200 μM Cr + ALA as in comparison with same Cr
treatment alone (Fig. 6a) might be due to the so-called
dilution effect (lower uptake but larger biomass) as sug-
gested previously (Rizwan et al. 2012). Thus, it could be
s u g g e s t e d t h a t A LA m i g h t b e a p p l i e d f o r
phytoremediation purpose of Cr and other metal contam-
inated soils. However, field studies still needed to validate
these results on a large scale.

Conclusion

The cultivation of vegetables on Cr contaminated soils can
lead to Cr accumulation in humans via the food chain. Foliar
application of ALA might be effective in reducing Cr concen-
tration in vegetables such as cauliflower. The results of the
present investigation found that Cr stress had negative effects
on the biomass, plant growth, and photosynthesis in cauli-
flower, and results were more significant at higher Cr applied
treatments. Chromium application significantly increased the
oxidative stress as indicated by EL, H2O2, and MDA and
increased the activities of antioxidant enzymes. Foliar applied
ALA might have a role in improving the activities of the
antioxidant system and reducing the oxidative stress under
Cr toxicity. The ALA alleviated the Cr-mediated decrease in
growth, gas exchange parameters, and chlorophyll contents.
The ALA decreased the Cr concentrations in different parts of
plants and increased the plant growth and biomass. Overall,
the results of the present investigation revealed that ALA
might have the ability to reduce the toxic effects of Cr in
cauliflower. Further work is needed to evaluate the role of
foliar applied ALA on Cr and other metal uptake by different
vegetables grown in texturally different soils.
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