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Abstract

Anthropogenic activities are a major source for contaminating the agricultural soil with heavy metals, which can affect physiological
and metabolic processes in plants. Among the heavy metals, chromium (Cr) is the most toxic pollutant that negatively affects plants’
metabolic activities, growth, and yield. Chromium reduces the plant growth and development by influencing the photosynthetic
performance and antioxidant enzyme activities. This study was designed to examine the promotive role of exogenously applied
glycinebetaine (GB) on plant morphophysiological and biochemical attributes in cauliflower (Brassica oleracea botrytis L.) under
Cr toxicity. Four levels (0, 10, 100, and 200 uM) of Cr were tested under the application of GB (1 mM). The results delineated that Cr
stress caused a considerable reduction in plant growth, photosynthetic pigment, gas exchange parameters, and biomass production. At
high concentration (200 1tM), chromium stress decreased the plant height (57%), root length (32%), number of leaves (45%), and leaf
area (29%) as compared with controls. Due to Cr stress, the electrolyte leakage and accumulation of malondialdehyde and hydrogen
peroxide increased both in the roots and leaves of cauliflower, whereas antioxidative enzyme activities (SOD, CAT, and POD)
decreased both in the roots and leaves of cauliflower due to Cr stress. At 200 pM of chromium treatment, root dry weight, stem dry
weight, leaf dry weight, and flower dry weight declined up to 43%, 40%, 53%, and 72%, respectively. With the application of GB, dry
biomass of plant increased significantly as compared with no GB treatment under chromium stress. As Cr level increased in growth
media, its concentration also increased in all plant parts including roots, stem, leaves, and flowers. However, GB application efficiently

alleviated the Cr toxic effects on cauliflower and maintained
higher plant growth, biomass production, photosynthetic attri-
butes, and gas exchange traits as compared with their respective
controls. Exogenously applied GB decreased oxidative stress and
improved antioxidative enzyme activities as compared with treat-
ments without GB application. Furthermore, Cr concentrations
taken by plants were decreased due to GB application. These
findings suggest that GB can play a positive role to maintain
plant morphology and photosynthetic attributes under Cr toxic
conditions in cauliflower.
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ecosystem (Hu et al. 2013). Leather industries are a major
source of chromium (Cr) pollution in Pakistan and the world
due its presence in the tannery effluents. These leather indus-
tries are mainly located in Sialkot, Kasur, Lahore,
Sheikhupura, and Faisalabad (Anwaar et al. 2014). Cr addi-
tion to agricultural soils shows a number of undesirable effects
upon soil health, plant growth, and production (Singh et al.
2013; Dheeba et al. 2015). Different anthropogenic activities,
tannery industry, mining practices, electroplating, and volca-
nic eruption are also the sources of Cr production and addition
to the soil environment (Ali et al. 2015).

Crops grown in urban industrial soils are usually irrigated
with raw tannery effluents which contain toxic heavy metals
like Cr in addition to plant nutrients (Khan et al. 2015). Then,
these Cr-contaminated crops become part of our food chain
causing health hazards to the livings. Cr is strongly recom-
mended as non-essential metal in the biological functions of
plants. Contaminated soils with Cr are a key source of Cr en-
trance towards our food chain (Samantaray et al. 2015; Rebhi
etal. 2019). It was found that plant growth, biomass, photosyn-
thetic parameters, and enzyme activities were strongly affected
by Cr stress (Ahmad et al. 2019; Ali et al. 2015; Gill et al.
2015). Cr showed phytotoxic effects because of overproduction
of reactive oxygen species (ROS), leading to the oxidative
stress in brassica plant (Gill et al. 2015). Similarly, Cr toxicity
disturbed the production of protein and photosynthetic pigment
content in plants of wheat and peas (Dey et al. 2009; Rodriguez
et al. 2012). In addition, severe metal toxicity may prevent the
initiation and efficiency of the antioxidant system of plants that
ultimately reduces plant growth and production. However, the
toxicity due to heavy metals (Cr and Cd) varies from species to
species and also dose-dependent (Gill et al. 2015; Farooq et al.
2013). Chromium toxicity decreases the availability of nutrient
elements such as sodium, iron, manganese, copper, zinc, and
calcium and affects negatively the plant metabolic process,
which resulted in significant reduction in plant growth and yield
(Zhao et al. 2019)

Under different types of stresses, plants enhance their self-
defense system by enhancing the activities of the antioxidant
enzymes. Plants under environmental stress conditions can
develop the antioxidant defense system to cope with ROS
toxic effect (Mittler 2002). Superoxide dismutase catalyzes
the conversion of superoxide (O,") to the less reactive hydro-
gen peroxide (H,O,). This H,O, is further detoxified to O ,
and H,O through CAT and POD activities. Combined use of
these three enzymes revealed the above ensures lower intra-
cellular levels of O, and H,O, (Abid et al. 2016a). The prac-
tice of enhancing plants’ ability to sustain various physiolog-
ical processes under stressed conditions is considered an im-
portant tool for ensuring the sustainable production of crops
under the scenarios of increasingly growing environmental
stress conditions in the agricultural system (Abid et al.
2016b). One such approach is the application of
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glycinebetaine (N,N,N-trimethylglycine; GB) which is known
as an ameliorating agent for the reduction of environmental
stresses (Giri 2011). The main function of GB is to improve
plant osmotic potential and to maintain plant biochemical re-
actions under stressed environment (Giri 2011).

The application of GB can be anticipatory and economical
for the agriculture as it ameliorates toxic environmental stress-
es and enhances crop production. GB improves antioxidant
enzyme activities under salt stress in rice seedlings
(Hasanuzzaman et al. 2014), while improved growth and pho-
tosynthetic processes in maize (Yang and Lu 2005). GB main-
tains the higher nutrient uptake, photosynthetic, and transpi-
ration rates under drought condition in wheat (Raza et al.
2014). In another study, Tisarum et al. (2019) reported that
exogenous foliar application of GB modulated the physiolog-
ical adaptions in sweet potato under water deficit condition by
accumulation of soluble sugar, stabilizing the photosynthetic
pigment, net photosynthetic rate, and chlorophyll florescence,
and improved the overall growth performance, e.g., shoot
height, number, and length of leaves. Khan et al. (2015) ob-
served that GB application reduced the adverse effects of sa-
linity in Brassica napus by improving chlorophyll a, chloro-
phyll b, and total chlorophyll in the plant which was decreased
by salinity stress. Similarly, GB reduced the effect of lead
stress in cotton plants (Bharwana et al. 2014; Farid et al.
2013) and ameliorated Cd stress in rice by improving growth
traits (Cao et al. 2013). However, so far, a little is known
whether GB application prevents chromium-induced oxida-
tive, photosynthetic, and morphological changes in cauliflow-
er. In the present study, we tested the hypothesis whether GB
ameliorates Cr toxic effects and improves the plant growth in
cauliflower. Outcomes of our study would possibly introduce
a potential way to prevent Cr toxicity in cauliflower.

Materials and methods
Plant material and growth conditions

Pot experiments were conducted in the Botanical Garden,
Government College University Faisalabad, Pakistan.
Selected seeds of cauliflower were sterilized by dipping in
ethanol (70%) for 1 min followed by sodium hypochlorite
for 5 min and finally rinsed with distilled water five times.
Sand was washed with HCL (5%) and with distilled water to
grow the seedlings. Sterilized seeds were sown at 1.5 cm
depth in plastic pots filled with washed sand. Pots were ap-
plied half-strength Hoagland solution 2 times after a 10-day
interval. Experiment was carried out under 18-25 °C and 70%
humidity condition. Four-week-old seedlings of the same size
were transplanted in other plastic pots containing 10 kg soil.
Physiochemical soil properties are mentioned in Table 1.
Inorganic fertilizers were supplied properly at the rate of
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Table1  Physicochemical properties of soil used for the pot experiment
Texture Sandy clay loam
Sand (%) 52.0
Silt (%) 24.0
Clay (%) 24.0
ECe (dS m) 2.86
pH (1/2.5 soil to water ratio) 7.65
Organic matter (%) 0.34
SAR (mmol ) 12 5.60
HCO; (mmol L) 3.68
Available P (mg kg ") 2.16
SO,* (mmol L") 6.48
CI” (mmol L) 2.19
K* (mmol L™ 0.03
Na?* (mmol L") 3.48
Ca®* + Mg** (mmol L") 3.69
Available Zn>* (mg kg ) 0.72
Available Cu®** (mg kg ™) 023
Available Cr*® (mg kg ") 0.17

2.14 g L! of K as potassium sulfate, 2.19 g L™ of N as urea,
and 0.5 g L' of P as diammonium phosphate,

Chromium stress application

On the basis of previous experiments (Gill et al. 2015), four
different levels (0, 10, 100, and 200 uM) of K,Cr,05 (Sigma
Pvt. Ltd.) prepared with distilled water were used as Cr treat-
ments. Three replicates were used for all treatments and ar-
ranged in complete randomized design. After 4 weeks of
transplantation, plants were irrigated with 500 mL Cr solution
within the 7-day interval. Afterwards, the GB (I mM) was
applied within the 1-week interval.

Plant sampling and analysis

After 4 weeks of the treatments’ imposition, cauliflower seed-
lings were harvested and carefully washed firstly with tap
water followed by distilled water. Growth attributes like num-
ber of leaves, root length, and leaf area were measured. Plant
parts, e.g., flower, leaves, root, and stem, were separated to
calculate the fresh weights. Plant materials were oven-dried
for 72 h at 70 °C and then dry weights were recorded.

Photosynthetic pigment contents

After 3 weeks of treatment, the uppermost fully extended
leaves were used to determine chlorophyll (Chl) and caroten-
oid contents. Pigment was extracted in 85% (v/v) acetone and
kept under 4 °C in darkness until leaf color disappeared, then

centrifuged at 4000xg for time duration of 10 min; the super-
natant absorbance was recorded at 663, 644, and 452.5 nm for
Chl a, Chl b, and carotenoids, respectively, by a spectropho-
tometer (Metzner et al. 1965). Chl and carotenoid contents
were calculated by adjusting extinction coefficients and equa-
tions (Lichtenthaler 1987). Finally, the contents of the pig-
ments were shown as mg g ' fresh weights (FW).

Gas exchange parameters

Gas exchange parameters, e.g., stomatal conductance (Gs),
transpiration rate (E), photosynthetic rate (Pn), water use effi-
ciency (WUE), were measured by Infrared Gas Analyzer
(IRGA) (LI-6200, Li-Cor Inc., Lincoln, NE, USA) during
daytime between 09:00 am to 11:00 am.

Detection of hydrogen peroxide, malondialdehyde,
and electrolyte leakage

Malondialdehyde (MDA) content was determined to estimate
the extent of lipid peroxidation in plant leaves. The method of
Heath and Packer (1968) was followed to estimate MDA fur-
ther modified by others. The H,O, and MDA were recorded
by previously established procedures (Dhindsa et al. 1981;
Zhang and Kirkham 1994; Dionisio-Sese and Tobita 1998).

Determination of enzymatic antioxidants

After 4 weeks of treatments, fresh leaves and roots were col-
lected from plants for enzymatic analysis. Root and leave
samples (1.0 g) were ground in precooled mortar and pestle.
Then, the samples were homogenized by using phosphate
buffer (0.5 M, pH 7.8), filtered through muslin cloth and then
centrifuged at 12,000xg for time duration of 10 min at 4 °C
temperature. The supernatant was stored for further estimation
of SOD and POD activities. Antioxidant enzymes, including
CAT, SOD, and POD, were evaluated spectrophotometrically
both in roots and leaves. The SOD and POD were recorded
through the given method of Zhang (1992), and CAT reading
was noted by the given protocol of Aebi (1984). Mixture
containing 2.8 mL of phosphate buffer (50 mM), 100 puL en-
zyme extract, and 100 pL of 300 mM H,O, was used, and
CAT was recorded by measuring the reduction in absorbance
at 240 nm due to H,O, disappearance.

Determination of chromium content

In order to measure the Cr contents, the samples were kept
overnight in HNO; and HCIO, solution with 3:1 (v/v), respec-
tively. Afterwards, the digestion process was completed on
hot plate and absorbance was checked by the atomic absorp-
tion spectrophotometer (NOVA-A400 Analytik Jena,
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Germany). Concentration and accumulation of chromium in
plant parts were calculated according to Monni et al. (2000)

Statistical analysis

Data was statistically analyzed through SPSS for windows. For
mean comparison, a post hoc test followed by a Tukey test was
run. The value for P was perceived significant at <0.05.

Results

In this study, four chromium (Cr) concentrations (0, 10, 100,
and 200 uM) were applied with and without GB foliar treat-
ment. Different morphological, physiological, and biochemical
parameters such as change in plant growth, gas exchange pro-
cess, photosynthetic pigments, lipid peroxidation, antioxidative
system, and Cr uptake and accumulation by plants were studied.

Changes in plant morphological traits

To observe the effect of GB on morphological traits of cauli-
flower under Cr stress, plant height, root length, number of
leaves, and leaf area were measured. The results showed that
all these parameters decreased by chromium stress as com-
pared with controls (Fig. 1). As the level of Cr increased in
growth media, further reduction in these plants’ growth traits
was observed. However, exogenously applied GB improved

the plant height, root length, number of leaves, and leaf area in
both controlled and Cr-stressed conditions. Without GB, plant
height decreased by 25%, 39%, and 57%, while with GB
application, it was reduced by 18%, 30%, and 43% under
Crl10, Cr100, and Cr200, respectively, as compared with con-
trols (Fig. 1 A). Root length reduced up to 13%, 23%, and 32%
without GB, and it declined up to 8%, 15%, and 25% with GB
application under Cr10, Cr100, and Cr200, respectively, as
compared with controls (Fig. 1B). Leaf area decreased by
22%, 27%, and 29% with no GB, while under GB application,
it decreased by 19%, 23%, and 25% under Cr10, Cr100, and
Cr200, respectively, as compared with controls (Fig. 1C).
Similarly, without GB application, the number of leaves de-
creased by 26%, 35%, and 45%, while with GB application, it
decreased by 18%, 29%, and 33% under Cr10, Cr100, and
Cr200, respectively, as compared with controls (Fig. 1D).
Data showed that dry weights of these parts were decreased
due to chromium stress at all levels (Table 1). As the level of
Cr stress increased, a significant reduction in matter produc-
tion was observed. Exogenously applied GB decreased the
effects of Cr stress and showed higher dry weights as com-
pared with Cr-stressed plants without GB application. Without
GB, dry weight of roots decreased by 23%, 31%, and 43%,
while with GB application, it decreased by 17%, 25%, and
34% under Cr10, Cr100, and Cr200, respectively, as com-
pared with controls. Stem dry weight reduced by 5%, 22%,
and 40% without GB, and it declined by 3%, 19%, and 32%
with GB application under Cr10, Cr100, and Cr200,

Fig. 1 Effect of different 50 - A O-GB 25 - B
treatments of glycinebetaine (GB) ® +GB
(1 mM) and chromium (Cr) (0, ~ 40 | a 20 | a
10, 100, and 200 uM) on plant = b = a ab
height (A), root length (B), num- = be c E be od
ber of leaves plant ' (C), and leaf g 30 - 7 d g' 15 1 de
area (D) of cauliflower seedlings % ) ¢
= €
grown. Values are expressed as 0 50 ¢ g) 10 -
means of 10 replicates with stan- % f 5
dard deviations. Different letters E ‘g’
indicate that values are signifi- & 107 & 5
cantly different at P < 0.05
0 0
300 - D 16 - a C
250 _ 144 b
—~ T 12 4 ed &
& g d
g0 & 10 - de
- 7 ¢
2150 g 8
3100 s
S 4
50 5 |
0 0
0 10 100 200 0 10 100 200
Cr (uM) in soil Cr (uM) in soil
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respectively, as compared with controls. Leaf dry weight de-
creased by 25%, 31%, and 53% without GB, while with GB
application, it decreased by 11%, 27%, and 44% under Cr10,
Cr100, and Cr200, respectively, as compared with controls.
Similarly, without GB application, dry weight of flower de-
creased by 26%, 50%, and 72%, while with GB application, it
decreased by 12%, 35%, and 64% under Cr10, Cr100, and
Cr200, respectively, as compared with controls. This shows
that Cr reduced plant growth and development in cauliflower
and GB resulted in less of a decrease (Table 1), which might
be associated with the effect of GB to maintain the photosyn-
thetic process of the plants.

Changes in gas exchange parameters
and photosynthetic pigments

To determine changes in photosynthetic activity, different pa-
rameters such as stomatal conductance (Gs), carbon dioxide
fixation (Pn), transpiration rates (Tr), and water use efficiency
(WUE) in the leaves were analyzed (Fig. 2). These traits were
decreased by Cr stress and higher reduction was observed
with increasing Cr level in soil. However, GB application
improved these traits. The lowest values of Tr, Gs, Pn, and
WUE were recorded at Cr 200 uM as 68%, 71%, 59%, and
55%, respectively, in plants without GB application, whereas
in plants with GB application, decline in Tr, Gs, Pn, and WUE
was 60%, 68%, 48%, and 35%, respectively, as compared
with control plants.

Similarly, Cr stress significantly decreased the photosyn-
thetic pigments, including chlorophyll a and chlorophyll b,
total chlorophylls, and carotenoids as compared with controls
(Fig. 3). Decreasing trends were observed at all Cr levels
(10,100, and 200 uM), but the maximum decrease in these
traits was observed at Cr 200 uM. Application of GB im-
proved the photosynthetic activity under Cr stress. At Cr
200 uM, chlorophyll pigment contents declined significantly
as compared with controls, whereas with GB application,
chlorophyll pigments were improved significantly as other
stressed plants.

Changes in oxidative stress and antioxidant enzyme
activities

To observe effects of GB on the physical qualities of the
membrane and oxidative stress in response to Cr stress, elec-
trolyte leakage (EL) and contents of MDA and H,0, were
examined (Fig. 4). An increase in EL, MDA, and H,O, con-
tents were observed both in leaves and roots under Cr stress as
compared with controls. However, GB application declined
EL, MDA, and H,0, as compared with Cr-alone treatment.
Maximum enhancements in these traits were found when Cr
was applied at 200 uM. At this level, EL, MDA, and H,O,
were increased by 68%, 49%, and 48% in roots without GB,
while with GB application, the increase in these parameters
was 55%, 41%, and 39%, respectively, as compared with con-
trols. Similar trends were observed from the analysis of leaves.

Fig. 2 Effect of different 14 - A 1 - B
. . a g a @

treatments of glycinebetaine (GB) . ~ a
(1 mM) and chromium (Cr) (0, 12 A 20
10, 100, and 200 kM) on transpi- P o-GB g
ration rate (A), stomatal conduc- s 10 1 b ®+GB 21 3 b
tance (B), net photosynthetic rate 2 g c e ¢
(C), and water use efficiency (D) 2 % 6 - d
of cauliflower seedlings. Values % 6 1 d S
are expressed as means of five 2 4] . S "g’ 4 e o
replicates with standard devia- .g O
tions. Different letters indicate 2 94 g 24
that values are significantly dif- E’ g
ferent at P < 0.05 0 - & 0-
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Fig. 3 Effect of different
treatments of glycinebetaine (GB)
(1 mM) and chromium (Cr) (0,
10, 100, and 200 uM) on chloro-
phyll a (A), chlorophyll b (B), to-
tal chlorophyll (C), and caroten-
oids (D) of cauliflower seedlings.
Values are expressed as means of
five replicates with standard de-
viations. Different letters indicate
that values are significantly dif-
ferent at P <0.05

Fig. 4 Effect of glycinebetaine
(GB) on EC in roots (A), EC in
leaves (B), MDA concentration in
roots (C), MDA concentration in
leaves (D), H,O, in roots (E), and
H,0, in leaves (F) of cauliflower
seedlings grown under various Cr
(0, 10, 100, and 200 puM) levels.
Values are expressed as means of
five replicates with standard de-
viations. Different letters indicate
that values are significantly dif-
ferent at P <0.05
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Furthermore, Cr stress increased antioxidant enzyme activ-
ities in leaves and roots (Fig. 5). Antioxidative enzyme activ-
ities increased as the level of Cr stress increased; it was max-
imum at 100 uM and tended to decrease afterwards. The GB
application further augmented the SOD, POD, and CAT activ-
ities under Cr stress. At 100 uM, the SOD, POD, and CAT
activities increased in roots up to 42%, 39%, and 30% in
treatments without GB, whereas in treatments with GB, these
increased up to 49%, 51%, and 32%, respectively, as com-
pared with controls. Similar results were obtained in the leaves
for the enzymatic activities. These findings exemplify the role
of GB for regulating the membrane stability and generation of
ROS in cells under the conditions of Cr stress.

Changes in chromium uptake and accumulation
in different plant parts

Chromium concentration in flower, stem, leaves, and roots of
cauliflower were measured (Fig. 6). Cr uptake in all these
parts increased due to Cr stress. The maximum uptake of Cr
in flower and leaves was observed at Cr 100 uM, whereas, in
stem and roots, it increased non-significantly at 200 uM.
However, the GB application reduced Cr uptake in all plant

parts. At 200 uM, Cr uptake in flower, leaves, stem, and roots
was 35, 13, 15, and 14 mg planfl without GB application,
whereas, with GB application, Cr uptake in these parts was 22,
11, 13, and 13 mg plant ™', respectively.

Similarly, Cr stress caused an accumulation of the Cr con-
tent in root, stem, leaves, and flower of the plant (Table 3).
Maximum Cr content in all these parts was present at 200 uM
Cr stress level. The highest Cr concentrations were observed
in plant root, followed by stem, leaves, and flower, respective-
ly. However, the plants with GB application showed lower Cr
concentrations in all plant parts as compared with plants with-
out GB application. At 200 uM Cr level in the growth medi-
um, Cr content was 2370, 1800, 1558, and 725 mg kgfl in
roots, stem, leaves, and flower of the plants without GB ap-
plication, while Cr content was 1900, 1366, 1258, and
635 mg kg 'in these parts of plants with GB application,
respectively.

Discussion

Cr contamination in cultivated lands has become a serious
issue globally. In the present study, we examined the effects

Fig. 5 Effect of glycinebetaine £ 3000 1A 0. GB . S 3500 4 B
(GB) on CAT in leaves (A), CAT I 2500 ®+GB d 4 = 3000 4 ¢
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Fig. 6 Effect of glycinebetaine 459 A O-GB 16 -
(GB) on total Cr uptake in = 40 4 d ®m+GB =14 B d cd
flower(A), total Cr uptake in E 3 ¢ o ¢ ed
leaves (B), total Cr uptake in stem = cd < 12 A
(C), and total Cr uptake in roots £ 301 bc b 2 10 1 b b
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. =3 o 8 1
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. . . < 10 - ~
replicates with standard devia- B =
tions. Different letters indicate 2057 4a % 21 aa
that values are significantly dif- © o o 0-
ferent at P < 0.05
~ 18 - ~ 18 -
ERRTR ¢ ce g oD d d d
a de = cd
B =11] 4
é” 14 o u 2 14 c
= 124 b 2 12 b
(5} o
A 10 A 210 4
£ g
8 A o 8 4
% 6 1 g- 6
S 44 S 44
2 A 2 4
a a a a
0 T 0 T
0 10 100 200 0 10 100 200
Cr (uM) in soil Cr (uM) in soil
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butes of cauliflower plant and role of GB in alleviating Cr  (Ma et al. 2016; Gill et al. 2015), which ultimately resulted in
toxic effects. It was observed that the plant growth character-  decline of shoot growth. However, foliar application of GB
istics and biomass decreased under Cr stress. An increase in ~ improved plant growth and biomass by ameliorating Cr stress
Cr level in growth medium further declined plant growth traits  in cauliflower seedlings (Fig. 1, Table 2). Various studies have
(Table 1, Fig. 1). Chromium-induced stress inhibits the plant ~ reported the damage preventive role of GB under various en-
growth and biomass as documented by several researchers  vironmental stresses (Estaji et al. 2019; Tisarum et al. 2019).
(Jabeen et al. 2015; Zhao et al. 2019; Ali et al. 2015a, Previously, it has been found that foliar GB application im-
2015b). This reduction in growth and biomass might be attrib- ~ proved plant growth under Cr stress in mung bean (Jabeen
uted to the Cr interaction with essential nutrients and reduced et al. 2015) and wheat (Ali et al. 2015b). Moreover,
their uptake by plants (Pradas-del-Real et al. 2013). In our =~ Bharwana et al. (2014) also documented positive effects of
study, decrease in root length under Cr stress might be due  GB in cotton under Pb stress and in wheat under Cd stress
to the accumulation of Cr in root cells or damage of root tip (Rasheed et al. 2014). The enhanced plant growth might be
cells (Alietal. 2013). Reduction in shoot lengths mightbe due ~ due to GB enhancing nutrient uptake in stressed plants

Table2  Effect of different treatments of glycinebetaine (GB) (1 mM) and chromium (Cr) (0, 10, 100, and 200 M) on dry biomass of root, stem, leaf,
and flower of cauliflower seedlings

Treatments Root dry weight (g plant ") Stem dry weight (g plant ") Leaf dry weight (g plant™") Flower dry weight (g plant ")
Control 11.73 +£0.6ab 13.73 +0.6abc 16.87+0.8ab 101.07 +3.5b

GB (100 mM) 13.00+1.0a 15.87+0.8a 18.03+0.4a 108.67+7.3a

Crl0 (uM) 8.93+0.4d 13.20+0.7¢ 12.40+0.7¢ 75.67+5.5¢

Crl0 + GB 10.70+0.2¢ 14.27+0.7b 15.93+0.5b 92.67 +4.5b

Cr100 (uM) 7.51+0.3¢ 9.51+0.3de 11.63+1.0d 54.67+4.5d

Crl00 + GB 9.33+04 cd 11.60+0.6d 13.07+14 cd 64.33+12.2 cd

Cr200 (uM) 6.03+0.5f 8.37+0.2f 7.70+0.7¢ 28.33+6.1f

Cr200 + GB 7.40+0.4e 10.23+0.3¢ 9.90 +£0.4f 38.67+7.9¢

Values are expressed as means of five replicates with standard deviations. Different letters indicate that values are significantly different at P <0.05
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(Shahbaz et al. 2011). An enhanced photosynthetic rate ac-
companied by improved stomatal conductance and Rubisco
activity has been reported by the application of GB under
drought stress (Nomura et al. 1998).

In addition to plant growth reduction, the concentration of
photosynthetic pigments decreased with increasing level of Cr
in the growth medium (Figs. 2 and 3), suggesting that chloro-
phyll pigments may give the former signals to Cr stress (Dey
et al. 2009). The decrease in the photosynthetic pigments
might be due to ultrastructural changes in chloroplasts (Gill
et al. 2015) or production of ROS under Cr stress (Ahmad
et al. 2019; Habiba et al. 2015). The inhibition in biosynthesis
or higher enzymatic activities that degrade chlorophyll may
reduce the chlorophyll contents under Cr stress (Singh et al.
2013). Reduction of photosynthesis in cauliflower under Cr
stress might be due to similar reasons. Foliar GB application
improved photosynthetic pigments under Cr stress (Figs. 2
and 3). Reduction in carotenoids is perilous to plants, as ca-
rotenoids play a vital role in protection of chlorophyll from
photooxidative destruction (Middleton and Teramura 1993;
Yadav and Singh 2013).

Previous studies have stated that GB application improved
gas exchange characteristics under stress conditions (Shahbaz
et al. 2011; Shahbaz and Zia 2012). Recently, various studies
have shown the promotive role of GB in gas exchange char-
acteristics and photosynthetic parameters of different plants
under various heavy metals (Chen and Murata 2011; Jabeen
et al. 2015; Ali et al. 2015b). Further, Einset et al. (2008)
revealed that GB application may actuate the expression of
gene related to ROS cleaning enzymes, which resulted in
preservation of photosynthetic apparatus from oxidative dam-
ages and ultimately enhanced plant growth and biomass.

In this study, higher Cr levels resulted in enhanced Cr con-
centration and total Cr uptake plants (Fig. 6, Table 3). The Cr
concentration was maximum in root and minimum in flowers
which indicates that cauliflower plant might have great resis-
tance against Cr stress as documented by Ali et al. (2015b).

The reduction in uptake of Cr may be due to GB protecting the
cell membrane from damages that resulted in low amount of
Cr entering the cytoplasm (Giri 2011). The other possible
explanation is that the application of GB might have enhanced
nutrient uptake by plant under stress condition (Shahbaz et al.
2011); therefore, the uptake of Cr decreased because Cr com-
petes with other nutrients.

It was noticed that Cr increased ROS production, EL,
MDA, and H,O, contents. Interestingly, antioxidant enzyme
activities were increased at lower Cr level, while decreased at
higher Cr doses in the leaves and roots of cauliflower (Fig. 4).
Higher Cr concentration might reduce cauliflower defense
mechanism, resulting in decreased antioxidant enzyme activ-
ities and increased oxidative stress. Similar findings were re-
ported by many other researchers where Cr produced excess
ROS in wheat (Ali et al. 2015a), mung bean (Jabeen et al.
2015), and oilseed rape (Gill et al. 2015). A decrease in anti-
oxidant enzyme activities under Cr stress in our study is in line
with the previous observations (Ali et al. 2015a, 2015b).
However, information about positive effect of GB on the an-
tioxidant activities under Cr stress is not available in the pre-
vious studies. A promotive role of foliar GB was observed on
the antioxidant enzyme activities and oxidative damage under
Cr stress (Figs. 4 and 5). The GB reduced ROS production in
cotton under Pb stress (Raza et al. 2014) and in lettuce
(Lactuca sativa L.) under salt stress (Yildirim et al. 2015).

Plants scavenge from oxidative damage by evolving anti-
oxidant enzyme activities (SOD, POD, and CAT). The mild
and moderate Cr stress increased the SOD, POD, and CAT
activities; however, severe Cr stress reduced the activities of
all enzymes (Fig. 5). Exogenous GB application enhanced
antioxidant enzyme activities in stressed and non-stressed
plants. Under Cd stress, GB application markedly enhanced
the antioxidant enzyme activities in rice and mung bean (Cao
et al. 2013; Hossain et al. 2010). It was also reported that
under drought stress, the GB application increased the activi-
ties of antioxidant enzymes in maize (Xin et al. 2011). The

Table 3  Effect of different treatments of glycinebetaine (GB) (1 mM) and chromium (Cr) (0, 10, 100, and 200 M) on Cr concentration in root, stem,

leaf, and flower of cauliflower seedlings

Treatments Cr in roots (mg kg ") Crin stem (mg kg ") Crin leaves (mg kg ') Crin flower (mg kg ")
Control 0Oa Oa Oa Oa

GB (100 mM) 0Oa 0Oa Oa 0Oa

Crl10 (uM) 1330.00 +26.4¢ 826.67+25.1c 682.67+2.5¢ 382.67+2.5b

Crl0 + GB 1130.00 £26.4b 684.33+45.01b 543.33+£35.1b 34333+35.1b

Cr100 (uM) 1900.00 +50.3d 1230.00 £26.4e 1140.00 +£36.0e 540.00+36.0c

Cr100 + GB 1400+ 132.2¢ 1030.00+26.4d 893.33+60.2d 460.00 £ 65.5¢

Cr200 (uM) 2370.00+72.1e 1800.00£50 g 1558.33 £94.6f 725.00+25.0¢e

Cr200 + GB 1900.00 £ 50.0d 1366.67 £76.3f 1258.33+101.0e 635.00+£49.2d

Values are expressed as means of five replicates with standard deviations. Different letters indicate that values are significantly different at P <0.05
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decrease in antioxidant enzyme activities might be ascribed to
overproduction of ROS or excessive electrolyte leakage (Farid
et al. 2017; Farid et al. 2018; Hussain et al. 2018).

In conclusion, our findings revealed that Cr stress signifi-
cantly reduced plant biomass and growth, photosynthesis, and
antioxidant enzyme activities. Oxidative stress was dominant
due to Cr toxicity. However, the application of GB significant-
ly enhanced the plant growth and biomass and reduced the
oxidative stress by improving antioxidant enzymes under Cr
stress. The GB application also reduced the Cr uptake and
translocation. Less is known about the mechanism of GB in
cauliflower under Cr stress. Hence, further studies are needed
at field level in order to see the GB role and its mechanism
towards various plant species under heavy metal stress.
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