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Carrot (Daucus carota L.) is widely utilized all over the world due to its enriched healthy nutritional composition.
However, its growth and quality is adversely affected due to saline stress. To assess salt-induced regulation in
different enzymatic and nonenzymatic antioxidants in the edible part of two cultivars (T-29 and DC-4) of carrot,
a greenhouse experiment was conducted. The cultivars were grown for 90 days under varying (0, 50, 100, and 150
mM NaCl) saline regimes. High accumulation of glycinebetaine (GB), malondialdehyde (MDA), and ascorbic
acid (AsA) contents was found in the roots of both carrot lines under varying saline regimes. However, total
soluble proteins and activities of peroxidase (POD), catalase (CAT), and superoxide dismutase (SOD) declined in
the edible part of both carrot cultivars. Alpha-tocopherol (x-Toco) contents remained almost unaffected at all
saline regimes except at 150 mM NaCl, where tocopherol content increased markedly. Of both carrot cultivars,
cv. DC-4 accumulated relatively higher amount of GB, soluble protein and a-Toco contents than cv. T-29. The
cv. T-29 had considerably higher amounts of AsA and MDA and activities of POD, SOD, and CAT than those in
cv. DC-4 both under saline and nonsaline conditions. Overall, GB, AsA, and MDA contents increased while
enzymatic antioxidant activities decreased in both carrot cultivars under different saline regimes which indicated
that the enzymatic antioxidant metabolism was negatively influenced in the edible part of carrot due to salinity
stress. So it can be suggested that the carrot is salt sensitive and its nutritional value in terms of antioxidants
declines under salt stress.

Keywords: salt stress; carrot (Daucus carota L.); enzymatic and nonenzymatic antioxidants; lipid

peroxidation

Introduction

Vegetables are essentially required to safeguard
health particularly by precluding diseases as they
are good source of vitamins and mineral nutrients
(Jamil et al. 2006; Shahbaz et al. 2008, 2012; Noreen
et al. 2012). Vegetables also supply trace clements
which are essentially required for the prevention of
diseases. Although extensive studies have been carried
out on vegetables in relation to their growth and yield
(Maas & Hoffman 1977; Noreen et al. 2010a, 2010b,
2012; Saleem et al. 2012), very little work has been
conducted to appraise the influence of salinity stress
on the nutritional composition of different vegetable
crops (Noreen et al. 2010a, 2010b; Saleem et al. 2011,
2012).

Vegetables generally show upregulation of anti-
oxidant metabolism in response to salinity stress as
has been already observed in a number of vegetables
such as brinjal, pea, radish, turnip, cauliflower, carrot,
and cucumber (Volden et al. 2009; Colla et al.
2010; Neffati et al. 2011). Carrot (Daucus carota) is
one of the most preferred vegetables worldwide for its
edible roots possessing high-quality antioxidants (en-
zymatic and nonenzymatic), phytonutrients, amino

acids, proline, mineral composition, vitamins A,
sugars, carotene, proteins, carotenoids, and dietary
fiber (Kumar et al. 2004). However, the production of
this crop is very low due to its considerable sensitivity
to a variety of abiotic stresses including salinity which
is prevalent in many countries (Schmidhalter & Oertli
1991). Despite salt-induced reduction in carrot pro-
duction, a variety of physiological processes are also
impaired by this stressful factor. For example, Gib-
berd et al. (2002) reported considerable reduction in
leaf gas exchange attributes including photosynthetic
rate in carrot plants. Recently, while working with a
variety of attributes in two carrot cultivars, Bano et al.
(2012) have found a significant salt-induced suppres-
sion in plant growth, chlorophyll pigments, water
relation attributes, photosynthetic rate, essentially
required nutrients such as K™ and Ca®*, leaf mal-
ondialdehyde (MDA), total phenolics, total soluble
proteins, and activities of catalase (CAT), superoxide
dismutase (SOD), and peroxidase (POD), while they
observed a considerable increase in leaf turgor poten-
tial, Na™ and Cl~ contents, proline, glycinebetaine
(GB), ascorbic acid (AsA), and H,O, contents in the
leaf or root tissues of carrot plants. The relatively
better growth of carrot cv. T-29 was found to be
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associated mainly with upregulation of water relations
and higher leaf Ca’ *, proline, phenolics, and activity
of SOD enzyme under saline conditions.

Very few reports are accessible from the literature
on the effects of saline stress on the composition,
particularly of antioxidative system, in carrot root,
the edible part. In view of lack of such information, it
was hypothesized that the salinity stress could alter
the antioxidative system in carrot roots. Thus, the
present investigation was conducted to examine how
far salt stress could regulate antioxidative (enzymatic
and nonenzymatic) system in the edible part of carrot,
i.e. root. These findings of the present study would be
helpful for the farmers whose soil or irrigation water
are saline as well as those people who frequently
consume carrot root for nutritional purposes.

Materials and methods

A greenhouse experiment was carried out to examine
salt-induced changes in antioxidant metabolism (en-
zymatic and nonenzymatic) in edible part (root) of a
potential vegetable — carrot (Daucus carota L.). Seeds
of two carrot cultivars (DC-4 and T-29) were supplied
by the Ayub Agricultural Research Institute, Faisa-
labad, Pakistan. A two-factor factorial completely
randomized design with four replications was em-
ployed to set up the experiment. During experimenta-
tion, average values of photoperiod, light intensity,
relative humidity, and temperature have already been
described in Bano et al. (2012). After 10 days of
germination, three seedlings were maintained at two-
leaf stage per replicate, and the pots were separated
into four sets and supplied weekly with Hoagland’s
nutrient solution supplemented with four varied levels
of salt (NaCl; 0, 50, 100, and 150 mM). The salt
concentrations were increased stepwise per day with
50 mM NaCl. The plants were harvested three
months after the commencement of the saline treat-
ment. The plant roots were separated and kept in
liquid nitrogen for the estimation of several attri-
butes.

GB determination

Fresh root tissue (500 mg) was triturated in 10 mL of
toluene (0.5% v/v) solution. After filtration, 1 mL of
the supernatant was blended with 1 mL H,SO,4 (2N).
Then 0.5 mL of this solution was kept in a test tube,
and 0.2 mL (0.1 M) KI5 solution was mixed to it. The
mixture was ice cooled for 1 h. Then 2.8 mL of
distilled H,O and dichloroethane (6 mL) were mixed
to the solution. The absorbance of the organic layer
was determined at 365 nm. The GB concentration
was calculated following Grieve and Grattan (1983).

MDA determination

MDA content in fresh roots was estimated with a
spectrophotometer following Carmak and Horst

(1991). The contents were measured using the coeftfi-
cient of difference between optical densities (ODs) at
600 and 532 nm.

AsA determination

AsA was determined following Mukherjee and
Choudhuri (1983). Fresh root material (500 mg) was
blended in 10 mL trichloroacetic acid (6% v/v). Then
4.0 mL of the sample extract was mixed with 2 mL
dinitrophenyl hydrazine (2% v/v) and one drop of
thiourea (10% w/v). The solution was heated for 15
min in a water bath and cooled down, and 5 mL of
sulfuric acid (80% v/v) was mixed to the solution.
The OD was recorded at 530 nm.

Activities of antioxidant enzymes

The fresh root (500 mg) was ground well in 5 mL
well cooled potassium phosphate buffer (50 mM).
Then the mixture was vortexed and centrifuged at
12,000 x g for 15 min. The extract was separated,
and SOD (EC 1.15.1.1) activity was determined using
the procedure proposed by Giannopolitis and Ries
(1977). Inhibition in photoreduction of nitroblue
tetrazolium (NBT) was used to appraise the activity
of SOD. The reaction mixture (I mL) (400 pL
distilled H,O, 250 pL phosphate buffer [pH 7.8; 50
mM], 100 pL [13 mM] L-methionine, 100 pL [0.1% v/
v] triton-X-100, 50 pL [50 uM] NBT, 50 pL [1.3 pM]
riboflavin and 50 puL sample extract) in cuvettes were
kept under light for 15 min. The OD of the irradiated
aliquot was read at 560 nm, and SOD enzyme activity
per unit was based on the amount of enzyme that
inhibited 50% of NBT photoreduction.

The protocol of Chance and Macehly (1955) was
used for the determination of POD (EC 1.11.1.7) and
CAT (EC 1.11.1.6) activities. The reaction mixture
contained 0.1 mL plant extract, 20 mM guaiacol, 40
mM H,0,, and phosphate buffer (pH 5.0). The
changes in OD of reaction mixture were recorded at
470 nm after every 30 second. A change in OD of
reaction mixture per minute was obtained equivalent
to 1 unit of POD activity. The reaction solution (3.0
mL) contained H,O,, phosphate buffer, and plant
extract (0.1 mL). For CAT activity, the reaction was
commenced by mixing the plant extract, and the
changes in OD of the reaction mixture after every 20
second were recorded at 240 nm. The activities of all
the three enzymes were measured on the basis of total
protein measured as described by Bradford (1976).

a-Toco content determination

The a-Toco content was determined following Backer
et al. (1980). Fresh root (500 mg) was extracted with
10 mL of a solution containing ethanol and petro-
leum ether (1.6:2 v/v) after which the mixture was
centrifuged at 12,000 xg. To 1 mL of the super-
natant, 0.2 mL of 2,2-dipyridyl (2% v/v) in ethanol
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was mixed. Then the mixture was mixed occasionally
and placed in dark for 5 min. The end product (red
colored) was mixed well in 4 mL dH,O. The OD of
the supernatant was recorded at 520 nm. The «-Toco
contents were measured against a known curve
obtained using known concentrations of a-Toco.

Statistical analysis

Analysis of variance (ANOVA) was worked out using
the individual values of each parameter using JMP
v.6.0. Significance between the salt levels was ob-
served using the least significance difference test at
0.05% level.

Results

Salt stress had a marked reducing effect on root fresh
and dry weights of both carrot cultivars. Of all salt
regimes, 150 mM NaCl was highly inhibitory as
compared to the other salt treatments and this has
already been presented by Bano et al. (2012).

A significant (P < 0.001) increase in GB con-
centration was examined in the edible part of carrot
when exposed to different (50, 100, and 150 mM
NaCl) salt regimes as compared to the control plants
grown under nonsaline conditions. Of both carrot
cultivars, cv. DC-4 accumulated relatively higher
amount of GB than cv. T-29 (Figure 1A). Maximum
GB accumulation was observed at 150 mM NacCl.

A significant inhibition in fresh root total soluble
proteins of both carrot lines was examined due to
root growing medium different salt regimes. Salt-
induced reduction in soluble protein content was
significantly higher in cv. DC-4 than in cv. T-29,
particularly at 150 mM NacCl (Figure 1B).

AsA contents in the edible part of both carrot
cultivars increased markedly (P < 0.001) under saline
conditions. A maximal increase in AsA was observed
at 150 mM NaCl. Cultivar T-29 had considerably
higher amount of AsA than cv. DC-4 both under
saline and nonsaline conditions (Figure 1C).

A slight (P < 0.05) increase in MDA contents
was observed in roots of both carrot cultivars under
all salt regimes. Overall, cv. T-29 had markedly
higher concentration of MDA than that in cv. DC-
4, particularly under saline regimes (Figure 1D).

In the present study, the activity of root POD, a
key antioxidant enzyme, in both carrot cultivars
suppressed considerably (P < 0.001) under saline
conditions (Figure 1E). The salt-induced decrease in
POD activity was not consistent in both carrot
cultivars under saline regimes, and cv. T-29 was
higher than the other carrot cultivar in POD enzyme
activity. Salt stress had a considerable reducing effect
on root CAT activity in cv. T-29, whereas in cv. DC-
4, it remained similar to that in plants grown under
nonsaline conditions. Of both carrot cultivars, cv.
T-29 had significantly higher activity of CAT than cv.
DC-4 under all salt regimes (Figure 1F). Activity of

SOD enzyme decreased in fresh root tissues of both
carrot cultivars under saline stress. Cultivar T-29 had
significantly higher activity of SOD than cv. DC-4
under all salt levels (Figure 1G).

a-Toco contents in the edible part of both carrot
cultivars almost remained unchanged under saline
conditions except at 150 mM NaCl where it increased
markedly. Carrot cultivar DC-4 had considerably
higher amount of z-Toco than cv. T-29 both under
saline and nonsaline conditions (Figure 1H).

Discussion

In the present study, salt-induced regulation in
enzymatic and nonenzymatic antioxidative defense
system as well as osmoprotectants including GB in
the edible part (root) of carrot was assessed. GB, as a
potential osmoprotectant, plays an important role in
ameliorating the adverse effects of high salt concen-
tration by accumulating rapidly in many plants under
stress conditions (Akram et al. 2011; Hu et al. 2012).
In the present study, an increase in GB concentration
was examined in the edible part of carrot when
exposed to different salt regimes, particularly at 150
mM NaCl. These results are parallel to some earlier
reports on different vegetable crops such as eggplant
(Abbas et al. 2010; Shaheen et al. 2013), carrot (Bano
et al. 2012), and cauliflower (Batool et al. 2013) in
which enhanced accumulation of GB was reported in
the upper parts (shoot) of all these plants.

AsA commonly known as vitamin C has been
considered as an effective antioxidant not only in
humans but also in plants which can efficiently
detoxify free radicals as well as oxidants (Ashraf
2009; Ashraf & Akram 2009; Li et al. 2012).
Generally, AsA concentration in plants ranges from
2 to 25 mmol L ~! (Davey et al. 2000), and a relatively
high concentration has been reported in different
plants under saline stress conditions (Afzal et al.
2005; Akram et al. 2012). In the present study, AsA
contents in the edible part of both carrot cultivars
increased markedly under saline conditions. Simi-
larly, while working with eggplant, Saleem et al.
(2012) also observed a significant increase in AsA
contents in the fruits of two okra cultivars under
different saline regimes. Such a salt-induced rise in
AsA has also been observed in eggplant plants
(Shaheen et al. 2013).

It is now well known that the high MDA contents
are an indication of oxidation-induced lipid perox-
idation in plants under adverse environmental condi-
tions (M-Kalantari & Oloumi 2005; Akram et al.
2012; Hu et al. 2012). In the present investigation, an
increase in MDA contents was observed in the roots
of both carrot cultivars under all (50, 100, and 150
mM) salt regimes. Parallel to our present study, salt-
induced increase in MDA contents was also observed
in eggplant plants (Shaheen et al. 2013). However, the
reverse was true in five turnip cultivars (Noreen et al.
2010b).
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Figure 1. Glycinebetaine (GB), total soluble proteins, ascorbic acid (AsA), malondialdehyde (MDA) contents, and activities
of peroxidase (POD), catalase (CAT), and superoxide dismutase (SOD) enzymes and alpha-tocopherol (¢-Toco) contents in
roots (edible parts) of two cultivars of carrot (Daucus carota) grown for 95 days under varying NaCl levels (mean +SE; n = 4).
cv., Cultivars; S, salt stress; ns, nonsignificant; *, **_ and ***, significant at 0.05, 0.01, and 0.001 levels, respectively.

In response to adverse environmental conditions,
production of nonenzymatic as well as enzymatic
antioxidants in different plants varies considerably
(Noreen et al. 2010b; Perveen et al. 2011, 2012;
Ahmad et al. 2013). Of the enzymatic antioxidants,
CAT, SOD, and POD are considered to be the key
enzymes, which play an effective role in plants’
oxidative defense mechanism (Mittler 2002; Akram
et al. 2012). In the present investigation, the activity
of root POD, CAT, and SOD enzymes decreased

markedly in both carrot cultivars under saline condi-
tions. Recently, Hu et al. (2012) have also observed a
considerable inhibition in the activities of various
antioxidant enzymes, e.g. SOD, CAT, and ascorbate
peroxidase (APX) in bermudagrass (Cynodon
dactylon). However, the reverse has been observed
in other plant species with respect to these enzymes.
For example, the activities of CAT and POD
increased in eggplant plants under saline conditions
(Shaheen et al. 2013). Similarly, salt stress-induced
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enhanced activities of CAT, POD, and SOD were
observed in sunflower (Akram et al. 2012) and
pistachio plants (Abbaspour 2012).

Tocopherols, nonenzymatic lipophilic antioxi-
dants, can scavenge a variety of reactive oxygen
species and free radicals particularly under stress
conditions (Hollander-Czytko et al. 2005). In the
present study, a-Toco contents in the edible part of
both carrot cultivars remained almost unchanged
under saline conditions except at 150 mM NaCl,
where they increased markedly. Of both carrot
cultivars, cv. DC-4 had considerably higher amount
of «-Toco than that in cv. T-29 both under saline and
nonsaline conditions. Generally, salt stress is known
to enhance tocopherols in plants (Abbasi et al. 2007;
Sorkheh et al. 2012). For example, in a set of nine pea
cultivars, Noreen and Ashraf (2009) observed a
considerable increase in y-and A-tocopherols under
varying saline regimes. Analogous to our results,
Tounekti et al. (2011) also reported no change in -
Toco contents in common sage (Salvia officinalis L.)
at 100 mM NacCl.

Overall, salt stress-induced high accumulation of
GB, AsA, and MDA contents in the edible part of
carrot, i.e. root. In contrast, total soluble proteins
and activities of SOD, POD, and CAT were reduced
due to saline stress in the edible part of carrot plants.
a-Toco contents remained unchanged at different
saline regimes used in the study. Of both carrot
cultivars, cv. DC-4 accumulated relatively higher
amount of GB, soluble proteins, and «-Toco contents
than did cv. T-29, whereas, cv. T-29 had considerably
higher amounts of AsA and MDA as well as activities
of POD, SOD, and CAT than those in cv. DC-4 both
under saline and nonsaline conditions. Overall, GB,
AsA, and MDA contents increased, while enzymatic
antioxidant activities decreased in both carrot culti-
vars under different saline regimes which indicated
that enzymatic antioxidant metabolism was adversely
affected in the edible part of carrot due to different
saline regimes. So it can be suggested that the carrot is
salt sensitive and its nutritional value in terms of
antioxidants declines under salt stress.
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