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Abstract. Turnip (Brassica rapa L. subsp. rapa) is a type of root vegetable belonging to the
Brassica subspecies of Cruciferae. Salt stress is one of themain abiotic stresses that causes
water deficit, ion toxicity, and metabolic imbalance in plants, seriously limiting plant
growth and crop yield. Two commercial turnip cultivars, Wenzhoupancai and Qiamagu,
were used to evaluate the seed germination and physiological responses of turnip
seedlings to salt stress. NaCl was used to simulate salt stress. Parameters of seed
germination, seedling growth, osmoregulation substances content, chlorophyll content,
antioxidant enzyme activity, and other physiological parameters of turnip seedlings were
measured after 7 days of salt stress. The results showed that salt stress reduced the seed
germination rate, and that the seeds of ‘Wenzhoupancai’ were more sensitive to salt
stress. Salt stress inhibited the growth of turnip seedlings. With the increased NaCl
concentration, the seedling dry weight, seedling fresh weight, and seedling length of
turnip decreased gradually. Under the salt stress treatment, the osmotic regulatory
substances and antioxidant enzyme activity in the seedlings of turnip increased signif-
icantly. The chlorophyll content increased at a lower NaCl level, but it decreased when
the level of NaCl was higher. Growth parameters of turnip seedlings had significant
negative correlations with the reactive oxygen content, osmoregulation substances, and
antioxidant enzyme activities, but they had positive correlations with chlorophyll b and
total chlorophyll content. These results indicated that salt stress-induced oxidative stress
in turnip is mainly counteracted by enzymatic defense systems.

Turnip (Brassica rapa L. subsp. rapa) is a
major root vegetable belonging to the Bras-
sica subspecies of the family Cruciferae. It
originated in Europe and was taken to Asia
and Northern China during the ancient Greek
and Roman periods (Basak et al., 2018; Liang
et al., 2006). In China, turnips are widely
cultivated in Zhejiang province, Xinjiang
Uygur Autonomous Region, and Qinghai-
Tibet Plateau (Ye, 1995). Leaves and fleshy
roots of turnip are rich in vitamins A, C, E,
and B6, folic acid, copper, calcium, and
dietary fiber (Moate et al., 2002; Parveen
et al., 2015). In addition to being a type of

vegetable, turnip is also used as an important
source of feed for livestock (Moate et al.,
2002; Neilsen et al., 2008).

Xinjiang is a major turnip production area
in China where the soil is arid and salinized.
After years of planting and breeding, turnip in
Xinjiang has developed the unique charac-
teristic of being tolerant to salt, alkali, and
drought, which is quite different from turnips
in other regions (Shi et al., 2011; Tuo, 2016).

Soil salinization is a major threat to global
food security. Up to 20% of the world’s
irrigated land has been affected by salt stress
(Abogadallah, 2010). The salinization area
accounts for 32.07% of cultivated land in
Xinjiang (Zhang et al., 2017). Salt stress is
one of the main abiotic stresses; it causes
water deficit, ion toxicity, metabolic imbal-
ance, and limits plant growth and crop yield
(Park et al., 2016; Ryu and Cho, 2015; Zhu,
2003). The antioxidant enzyme activity of
plants has been considered to be related to
salt tolerance in many studies (Abogadallah,
2010; Hannachi and Van Labeke, 2018;
Noreen et al., 2010). Salt stress increases
the antioxidant enzyme activity of plants
because plants need to remove the reactive
oxygen substances to avoid cell damage
(Apel and Hirt, 2004). The most common
target substances for the elimination of anti-
oxidant enzymes are O2

·– and H2O2 under salt
stress. In chloroplasts, mitochondria, cyto-
plasms, and peroxisomes, O2

·– is transformed

to H2O2 by SOD, and H2O2 is detoxified by
catalases and peroxidases (Abogadallah
et al., 2010). Recently, the effects of salt
stress on physiology and biochemistry of
turnip plants have been studied. The results
showed that salt stress significantly reduced
the germination index of turnip seeds,
inhibited plant growth, reduced plant length,
reduced dry and fresh weights, reduced rel-
ative water content of leaves and chlorophyll
content, and increased proline content (Jan
et al., 2016). Salt stress also significantly
improved the antioxidant enzyme activity of
turnip plants and vitamin C content in leaves;
however, high concentrations of NaCl (180
mmol/L) also caused irreversible damage to
plants (Mojarad et al., 2016). Francois (1984)
found that if the salt concentration in the soil
were 30 mmol/L, then the turnip yield would
be reduced by 4.8%. The effects of salt stress
on turnip were focused on the later growth
stage, but there is a lack of relevant reports of
the seedling period, which is stage most
sensitive to salt stress.

Our study was conducted to assess the
effects of salt stress on the physiological and
biochemical aspects of two turnip cultivars
and to analyze the correlation between the
morphological and physiological parame-
ters. The findings of this investigation also
clearly demonstrate the differences that oc-
cur with respect to various morphological,
biochemical, and enzymatic changes in two
turnip cultivars. The results may provide
novel perspectives for exploring the salt
tolerance mechanism of turnip seedlings
and innovating salt tolerant germplasm re-
sources.

Materials and Methods

Plant materials
Two commercial turnip (Brassica rapa

subsp. rapa L.) cultivars, Wenzhoupancai
(Zhejiang Xianfeng Seed Industry Co., Ltd.,
Jiaxing, China) and Qiamagu (Xinjiang Tian-
dihe Seed Industry Co., Ltd., Urumqi, China),
were used as plant materials. Certified seeds
of the two cultivars were purchased from
local seed retailers. ‘Qiamagu’ was found to
be a salt-tolerant turnip cultivar by Shi et al.
(2011).

Plant growth and treatments
Expt. 1: Salt stress on seed germination.

Seeds of turnips were sterilized using sodium
hypochlorite (5%) for 15 min and then
rewashed with distilled water for 15 min.
Thereafter, seeds were placed on filter paper
in 9-cm petri dishes in which 5 mL NaCl
solution with different concentrations (0, 50,
100, 150, and 200 mmol/L) was added to
simulate salt stress. Germination was
assessed using three replicates of 50 seeds
for each treatment. Petri dishes were placed
in an incubator with a constant temperature of
25 �C without light. After 7 d of germination,
the germination parameters were examined.

Seed germination parameters. Seeds were
considered germinated with the emergence of
the radicle. Germination was scored as
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germinated when a 1-mm radicle had
emerged from the seedcoat.

Germination rate = ðGerminated seeds in

each treatment=

Total number of germinated seedsÞ
·100%

Germination potential = ðTotal germinated

seeds in each treatment in the first day=

Total number of germinated seedsÞ·100%
Germination index

=
X

ðGerminated seeds in t days=

Number of germination days correspondingÞ
Salt-injury index

= ½ðGermination rate of control

- Germination rate in each treatmentÞ=
Germination rate of control�·100%

Expt. 2: Salt stress on seedling growth.
Seeds of turnips were sterilized and washed
according to the method used for Expt. 1 and
then germinated in distilled water. Germi-
nated turnip seeds (1-mm radicle emerged
from the seedcoat) were planted in plastic
pots (20 · 12 cm) with coconut fiber as the
substrate. Every pot was planted with six
seedlings. All of the pots were placed in the
greenhouse where the temperature was main-
tained at 25 ± 2 �C/18 ± 2 �C and the
photoperiod was 16 h/8 h (day/night). Each
pot was irrigated with 50 mL of 1/2 Hoagland
nutrient solution every 3 d.

Two-week-old (two leaves) turnip seed-
lings with uniform sizes were randomly di-
vided into five treatment groups: 1) 1/2
Hoagland solution (CK); 2) 1/2 Hoagland
solution + 50 mmol/L NaCl; 3) 1/2 Hoagland
solution + 100 mmol/L NaCl; 4) 1/2 Hoag-
land solution + 150 mmol/L NaCl; and 5) 1/2
Hoagland solution + 200 mmol/L NaCl. To
avoid salt shock, NaCl was added in incre-
ments (50 mmol/L/d) until the desired con-
centrations were reached. Each pot was
irrigated by 50 mL solution of the respective
treatment on alternate days. For each treat-
ment, at least three pots of seedlings were
used. After 7 d of treatment, the leaves of
plants were harvested and growth parameters
and physiology parameters of seedlings were
examined and assessed. The entire experi-
ment was conducted with respective salt
treatments on 22 Apr. 2019, in the green-
house at Xinjiang Agricultural University.

Seedling growth parameters
Shoots and roots were washed with dis-

tilled water and then gently blotted dry on a
paper towel. Thereafter, the shoots and roots
were separated to measure the fresh weight
and then dried for 48 h at 70 �C to determine
dry weight. Shoot length and root length were
measured using a vernier caliper (0.01 mm).

Antioxidant enzyme activity
SOD activity was determined by inhibit-

ing the photochemical reduction of nitroblue

tetrazolium (NBT) at 560 nm (Giannopolitis
and Ries, 1977). POD activity was measured
by the guaiacol colorimetric method (Scebba
et al., 2001). CAT activity was determined by
using the ultraviolet absorption method (Patra
et al., 1978). APX activity was measured
according to the method of Dalton et al. (1996).

MDA, H2O2 and O2
·L content

Lipid peroxidation was measured as the
amount of malondialdehyde (MDA) deter-
mined by the thiobarbituric acid (TBA) reac-
tion (Hodges et al., 1999). The H2O2 level
was measured colorimetrically as described
by Jana and Choudhuri (1982). The O2

·–

content was determined according to the
method of Wang et al. (2008).

Osmoregulation substances content
Proline content was determined according

to the method described by Bates (1973). The
soluble protein content was estimated using
bovine serum albumin as the standard
(Bradford, 1976). Total soluble sugar was
measured by using the rapid and convenient
anthrone reagent method reported by Thim-
maiah (2004).

Chlorophyll content
Determination of chlorophyll content in

the leaves of turnip seedlings was performed
by using the ethanol extraction method
(Palta, 1990).

Statistical analysis
All statistical analyses were conducted

using SPSS version 19.0 (IBM, Chicago,
IL). Significant differences between treat-
ments were evaluated by an analysis of var-
iance (ANOVA). TB tools software (Chen
et al., 2018) was used to draw the correlation
analysis heatmap.

Results

Effects of salt stress on the germination
process. Salt stress delayed the germination
process of turnip seeds (Fig. 1). On the
second day, the 200 mmol/L NaCl treatment
reached the rapid germination stage, whereas
other treatments reached the rapid germina-
tion stage on the first day, and the gemination
rate of all treatments tended to be stable on
the third day. The rapid germination period of
‘Qiamagu’ seeds was not delayed with the
increase of the NaCl concentration, and all

treatments reached the rapid germination
period on the first day (Fig. 1B). In addition
to the 200 mmol/L NaCl treatment, the ger-
mination rate of other treatments tended to be
stable on the third day, and that of 200 mmol/
L NaCl treatment group remained stable on
the fourth day.

Effects of salt stress on germination
parameters. The ANOVA results showed
that turnip cultivars had a significant effect
on all indexes of seed germination, indicating
that cultivars were the key factors affecting
germination indexes. The NaCl concentra-
tion had a significant effect on the germina-
tion rate, germination index, and salt injury
index of turnip seeds, but there was no sig-
nificant effect on the germination potential.
Their interaction had no significant effect on
the germination index of turnip seeds (Sup-
plemental Table 1).

When the NaCl concentrations were 150
mmol/L and 200 mmol/L, the germination
rate of ‘Wenzhoupancai’ seed decreased sig-
nificantly by 29.90% and 57.80%, respec-
tively, compared with the control. The
germination potential decreased signifi-
cantly, by 46.80%, at 200 mmol/L. With the
increased NaCl concentration, the salt injury
index of ‘Wenzhoupancai’ gradually in-
creased. When the NaCl concentrations were
150 mmol/L and 200 mmol/L, the salt injury
index values increased significantly by
24.43% and 28.87%, respectively. The ger-
mination rate of ‘Qiamagu’ seeds was not
significantly different between NaCl treat-
ment and the control. The germination po-
tential significantly decreased by 11.10%
with the 200 mmol/L NaCl treatment. The
germination index decreased significantly, by
6.28% and 8.38%, when the NaCl concentra-
tions were 150 mmol/L and 200 mmol/L,
respectively, compared with the control. In
addition, the salt injury index values of these
two treatment concentrations were higher
than that of the control, but there was no
significant difference (Table 1).

Effects of salt stress on growth
parameters. According to the ANOVA re-
sults, turnip cultivars, salinity, and their in-
teraction had a significant effect on the shoot
length, root length, shoot weight, and root
weight of turnip seedlings (Supplemental
Table 1). With the increased NaCl concen-
tration, the shoot length, root length, fresh
shoot weight, fresh root weight, and dry
weight of ‘Wenzhoupancai’ decreased

Fig. 1. Effects of salt stress on the germination process of turnip seeds.
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gradually and reached the lowest level with
200 mmol/L; these decreased by 79.14%,
75.97%, 79.79%, 78.95%, and 63.64%, re-
spectively. Similarly, the shoot length, root
length, fresh shoot weight, fresh root weight,
and dry weight of plants of ‘Qiamagu’ also
reached the lowest level with 200 mmol/L;
these decreased by 81.97%, 83.31%, 79.39%,
66.67%, and 60.00%, respectively (Table 2).

Effects of salt stress on MDA, H2O2, and
O2

·– contents. According to the ANOVA
results (Supplemental Table 1), turnip culti-
vars and salinity had significant effects on
MDA and O2

·– content, whereas the interac-
tion between them had no significant effect
on MDA. There was no significant effect of
turnip cultivars on the H2O2 content, but
salinity and their interaction had a significant
effect on the H2O2 content. The interaction of
turnip cultivars and salinity only had a sig-
nificant effect on the O2

·– content. With the
increased NaCl concentration, the MDA con-
tent in the leaves of seedlings showed a trend
of increasing to a maximum value and then
decreasing, whereas the H2O2 and O2

·– con-
tents showed a trend of gradually increasing
(Fig. 2).

The MDA content of ‘Wenzhoupancai’
and ‘Qiamagu’ reached its highest when the
NaCl concentration was 150 mmol/L; it in-
creased by 335.54% and 264.03%, respec-
tively, compared with the control. Low NaCl
concentrations had no significant effect on
the H2O2 content of ‘Wenzhoupancai’, which
increased significantly when the NaCl con-
centration was 150 mmol/L and reached its
highest value with 200 mmol/L; it increased
by 643.62%. With the increased NaCl con-
centration, the content of H2O2 in ‘Qiamagu’
increased significantly. When the NaCl con-
centration was 200 mmol/L, H2O2 reached its
highest level, which increased by 187.44%

compared with the control. The content of
O2

·– in the leaves of two turnip cultivars
increased significantly under salt stress; it
reached its highest level with 200 mmol/L
and increased by 262.05% and 132.52%
compared with the control.

Effects of salt stress on antioxidant
enzyme activity. According to the ANOVA
results (Supplemental Table 1), turnip culti-
vars, salinity, and their interaction had sig-
nificant effects on SOD and CAT activity.
Turnip cultivars and their interaction had
no significant effects on POD activity, but
salinity had a significant effect on POD ac-
tivity. Turnip cultivars and salinity had sig-
nificant effects on APX activity, but
their interaction had no effect on APX activ-
ity. The SOD activity of ‘Wenzhoupancai’
reached the maximum value at the NaCl
concentration of 200 mmol/L; it increased
by 102.60% compared with the control
(Fig. 3). The SOD activity of ‘Qiamagu’
increased significantly under salt stress and
reached its highest level at 200 mmol/L;
it increased by 84.73% compared with the
control. Under salt stress, the POD activity in
leaves of turnip seedlings increased signifi-
cantly. The POD activity of ‘Wenzhoupan-
cai’ and ‘Qiamagu’ reached the maximum
with 200 mmol/L; it increased by 828.30%
and 476.97%, respectively. With the in-
creased NaCl concentration, the CAT activity
of ‘Wenzhoupancai’ increased gradually.
With 200 mmol/L, the CAT activity reached
its maximum value; it increased by 179.12%
compared with the control. With the in-
creased NaCl concentration, the CAT activity
in the leaves of ‘Qiamagu’ seedlings in-
creased to its maximum value and then de-
creased. When the NaCl concentration was
150 mmol/L, CAT activity reached its high-
est level; it increased by 51.36% compared

with the control. The APX activity in the
leaves of turnip seedlings of the two culti-
vars was significantly increased with 200
mmol/L; it increased by 102.60% and
177.37% respectively. However, it was not
significantly increased with other NaCl con-
centrations. In general, the increased antioxi-
dant enzyme activity of ‘Wenzhoupancai’ was
higher than that of ‘Qiamagu’ under salt stress.

Effects of salt stress on chlorophyll
content. According to the ANOVA results
(Supplemental Table 1), turnip cultivars, sa-
linity, and their interaction had significant
effects on the chlorophyll a, chlorophyll b,
and total chlorophyll contents of turnip seed-
ling leaves. With the increased NaCl concen-
tration, the chlorophyll a, chlorophyll b, and
total chlorophyll contents of ‘Wenzhoupan-
cai’ increased to themaximum value and then
decreased (Fig. 4). When the NaCl concen-
tration was 100 mmol/L, the chlorophyll a,
chlorophyll b, and total chlorophyll contents
in the leaves of the seedlings reached their
highest levels and increased by 43.67%,
62.88%, and 47.85%, respectively, com-
pared with the control. With the increased
NaCl concentration, the chlorophyll a and
total chlorophyll contents in ‘Qiamagu’ in-
creased to their maximum and then de-
creased. They reached their highest value
when the NaCl concentration was 50 mmol/
L and increased by 12.06% and 8.26%,
respectively, compared with the control.
The chlorophyll b content gradually de-
creased with the increased NaCl concentra-
tion. When the NaCl concentration was 200
mmol/L, chlorophyll b reached its lowest
value and decreased by 40.86% compared
with the control.

Effects of salt stress on osmoregulation
substances content. According to the
ANOVA results (Supplemental Table 1),

Table 1. Effects of salt stress on the germination of turnip seeds.

Cultivar NaCl concn (mmol/L) Germination rate (%) Germination potential (%) Germination index Salt injury index (%)

Wenzhoupancai 0 (Control) 100.0 a 86.67 a 69.44 a 0 c
50 97.8 a 71.10 a 62.78 ab 2.23 c

100 91.1 ab 60.00 ab 55.83 abc 8.87 bc
150 75.6 bc 46.67 ab 45.28 bc 24.43 ab
200 71.1 c 28.87 b 36.94 c 28.87 a

Qiamagu 0 (Control) 100.0 a 95.53 a 73.06 a 0 a
50 100.0 a 93.33 ab 72.50 ab 0 a

100 100.0 a 91.1 ab 70.83 abc 0 a
150 95.6 a 88.90 ab 68.47 bc 4.47 a
200 95.6 a 84.43 b 66.94 c 4.47 a

Data are shown as the mean of three biological replicates. Different letters show significant differences among five salt stress treatments at P < 0.05.

Table 2. Effects of salt stress on growth parameters of turnip seedlings.

Cultivar NaCl concn (mmol/L) Shoot length (cm) Root length (cm) Shoot wt (g) Root wt (g) Plant dry wt (g)

0 (Control) 4.17 ± 0.94 a 3.87 ± 0.63 a 0.094 ± 0.011 a 0.019 ± 0.005 a 0.011 ± 0.001 a
Wenzhoupancai 50 3.65 ± 0.37 a 3.75 ± 0.79 b 0.067 ± 0.020 b 0.018 ± 0.008 a 0.009 ± 0.001 b

100 2.53 ± 0.24 b 3.01 ± 0.54 c 0.037 ± 0.009 c 0.019 ± 0.005 a 0.006 ± 0.001 c
150 1.29 ± 0.18 c 1.75 ± 0.22 d 0.031 ± 0.006 c 0.007 ± 0.004 b 0.004 ± 0.001 cd
200 0.87 ± 0.26 d 0.93 ± 0.15 e 0.019 ± 0.004 d 0.004 ± 0.002 b 0.002 ± 0.000 d

0 (Control) 6.60 ± 1.66 a 6.05 ± 0.64 a 0.131 ± 0.016 a 0.021 ± 0.004 a 0.005 ± 0.003 a
Qiamagu 50 4.42 ± 1.19 b 3.96 ± 0.57 b 0.093 ± 0.009 b 0.018 ± 0.003 ab 0.004 ± 0.001 b

100 4.19 ± 0.57 b 3.48 ± 0.33 c 0.072 ± 0.006 c 0.017 ± 0.003 ab 0.004 ± 0.001 b
150 1.25 ± 0.54 c 1.77 ± 0.43 d 0.033 ± 0.004 d 0.014 ± 0.004 b 0.003 ± 0.000 c
200 1.19 ± 0.33 c 1.01 ± 0.35 e 0.027 ± 0.005 d 0.007 ± 0.001 c 0.002 ± 0.001 d

Data are shown as the mean of three biological replicates. Different letters show significant differences among five salt stress treatments at P < 0.05.

HORTSCIENCE VOL. 55(10) OCTOBER 2020 1569



turnip cultivars had no significant effects
on the proline content in the leaves of
turnip seedling, but they had significant
effects on soluble sugar and soluble protein.
However, salt stress had significant effects on
soluble sugar, soluble protein, and proline of
the two cultivars. Their interaction had signif-
icant effects on the content of soluble sugar,
soluble protein, and proline. The proline con-
tent of ‘Wenzhoupancai’ increased signifi-
cantly when the NaCl concentration was 150
mmol/L, and it reached its highest level when
NaCl was 200 mmol/L; it increased by
239.75% compared with the control. The pro-
line content of ‘Qiamagu’ was the highest with
200 mmol/L NaCl; it increased by 264.86%
compared with the control. With the increased
NaCl concentration, the soluble sugar content
gradually increased (Fig. 5). When the NaCl
concentration was 200 mmol/L, the soluble

sugar content reached its highest level; it
increased by 518.57% and 428.53%, respec-
tively, compared with the control. With the
increased NaCl concentration, the soluble
protein of ‘Wenzhoupancai’ increased to
its maximum value and then decreased, but
there was no significant difference in the
content of soluble protein of each treatment
under salt stress. When the NaCl concentra-
tion was 100 mmol/L, the content of soluble
protein was its highest; it increased by
98.81% compared with the control. The
content of soluble protein of ‘Qiamagu’
seedlings increased gradually with the in-
creased NaCl concentration; it reached its
highest level when the NaCl concentration
was 200 mmol/L and increased by 111.74%
compared with the control.

Correlations between growth and
physiological parameters. As shown in

Fig. 6, the growth parameter of turnip seed-
lings (shoot length, root length, shoot weight,
and root weight) showed highly positive
significant correlations (r = 0.64–0.96; P <
0.05–0.01) with each other. However, they
had negative significant correlations with
SOD, APX, soluble sugar, O2

·–, proline, and
POD (r = –0.65–0.95; P < 0.05–0.01). The
dry weight of turnip seedlings showed strong
negative significant correlations with soluble
sugar, H2O2, O2

·–, proline, and POD (r =
–0.76, –0.74, –0.87, –0.71, and –0.78, re-
spectively; P < 0.05–0.01). SOD, APX, sol-
uble sugar, H2O2, O2

·–, proline, and POD
showed positive significant correlations (r =
0.78–0.98; P < 0.05–0.01) with each other.
The MDA content had positive significant
correlations with soluble protein (r = 0.64; P
< 0.05) and chlorophyll b content (r = 0.64; P
< 0.05). CAT activity only had positive
significant correlations with chlorophyll b
(r = 0.68; P < 0.05) and total chlorophyll
content (r = 0.64; P < 0.05).

Discussion

Salt stress reduced the seed germination
rate and delayed the process of seed germi-
nation (Meng et al., 2011). Salinity has an
adverse effect on seed germination of plants
by creating an osmotic potential outside the
seed to inhibit the absorption of water or
because of the toxic effect of Na+ and Cl–.
Noreen and Ashraf (2008) compared the
effects of different NaCl concentrations on
the germination of turnip seeds. The results
showed that the seeds of ‘Desi surakh’,
‘Purple top’, and ‘Golden bal’ had certain
tolerance to salt stress, and that the seed
germination rates of the three turnip cultivars
did not change significantly compared with
the control under salt stress. The seed germi-
nation rates of ‘Neela’ and ‘Peela’ decreased
significantly with the increased NaCl con-
centration. Shi et al. (2011) showed that the
germination rate was significantly inhibited
when the NaCl concentration exceeded 150
mmol/L, which was partially consistent with
the results of our study. We found that there
was no significant difference in the seed
germination rate with NaCl treatment com-
pared with the control in ‘Qiamagu’. When

Fig. 2. Effects of salt stress on MDA, H2O2, and O2
·– contents in leaves of turnip seedlings. Bars with different letters show significant differences among five salt

stress treatments at P < 0.05.

Fig. 3. Effects of salt stress on antioxidant enzyme activities in leaves of turnip seedlings. Bars with
different letters show significant differences among five salt stress treatments at P < 0.05.
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the NaCl concentration was 200 mmol/L, all
germination indexes of ‘Wenzhoupancai’
were significantly different from those of
the control; however, the germination rate
and salt injury index of ‘Qiamagu’ were not
significantly different from those of the con-
trol. This suggests that ‘Wenzhoupancai’
seeds are very sensitive to salt stress, and
that ‘Qiamagu’ has a certain tolerance to salt
stress. We concluded that the germination
rate, germination potential, and germination
index of turnip seeds can directly reflect their
tolerance to salt stress.

Salt stress is one of the most common
stresses and is a major abiotic stress that
inhibits plant growth. It reduces the dry and
fresh weights of plants and shortens the shoot
length and root length through ion toxicity
and osmotic stress (Park et al., 2016; Xiong
et al., 2002; Zhu, 2016).

With the increased salt concentration,
plant growth was inhibited more severely.
Noreen et al. (2010) compared the changes in
plant phenotypes of five turnip cultivars un-
der salt stress. The results showed that
‘Neela’ and ‘Peela’ were more salt-tolerant
than ‘Purple top’, ‘Golden bal’, and ‘Desi
surakh’. They also found that the decline in
seedling growth of the two salt-tolerant cul-
tivars was actually higher than that of other
three cultivars. This was consistent with the
results of our study, which showed that salt

stress has an adverse effect on the growth of
turnip seedlings. The weight and length of
turnip seedlings gradually decreased with the
increased NaCl concentration. The decreased
seedling length of ‘Wenzhoupancai’ was less
than that of ‘Qiamagu’ when subjected to salt
stress, but the decline of other index values
was higher than that of ‘Qiamagu’.

Chlorophyll is the basic material for the
photosynthesis of plants. Its function is to
absorb and transmit light energy to ensure the
proper photosynthesis of plants. Salt stress
reduces photosynthesis, pigment bleaching,
and chlorophyll content (Liu and Zhang,
2016; Shu et al., 2013; Ta€ıbi et al., 2016).
Zeng et al. (2013) found that the chlorophyll
content of Stevia rebaudiana leaves de-
creased with the increased salt concentration
and reached its lowest value at 120 mmol/L
NaCl, which was partially contrary to the
results of our study. We found that the chlo-
rophyll content in the leaves of turnip seed-
lings increased to a maximum value and then
decreased, and that the low salt concentration
can significantly increase the chlorophyll
content in plant leaves. Qiu et al. (2006)
found that the chlorophyll content of salt-
tolerant plants such as Rhaphiolepis umbel-
lata (Thunb.), Morus alba L., and Rosa
chinensis Jacq. seedlings increased to a max-
imum value at low salt concentrations and
then decreased at high salt concentrations.

The results were consistent with those of our
study. This may be because salt stress caused the
binding between chlorophyll and chloroplast
protein to become relaxed, and the relaxed
chlorophyll was easily extracted, which led to
the increased chlorophyll content under low
salt concentrations (Romero-Aranda et al.,
2001), and the higher salt concentrations
damaged the permeability of plant cell mem-
branes, which led to a large amount of chlo-
rophyll molecule leakage (Halliwell, 1987).

When plants suffer from salt stress, the
cell membrane is the main site of damage.
When the cell membrane is damaged, a large
amount of MDA will be produced, and the
organic permeable substances in the cell fluid
will flow out. Therefore, MDA is an impor-
tant index used to measure the degree of
membrane lipid damage (Davey et al., 2005).
Noreen et al. (2010) found that salt stress
reduced the MDA content of turnips; how-
ever, this conclusion was different from most
others. Hannachi and Van Labeke (2018)
found that the MDA content of eggplant
increased with the increased NaCl concen-
tration; this was consistent with the results of
our study. We found that the MDA content
increased at low NaCl concentrations and
then decreased at high concentrations. The
cause of the declining trend for MDAmay be
that that cell membrane suffers severely,
resulting in MDA extravasation.

Fig. 4. Effects of salt stress on chlorophyll contents in leaves of turnip seedlings. Bars with different letters show significant differences among five salt stress
treatments at P < 0.05.

Fig. 5. Effects of salt stress on osmotic regulators in leaves of turnip seedlings. Bars with different letters show significant differences among five salt stress
treatments at P < 0.05.
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Salt stress enhances reactive oxygen
metabolism in plants to O2

·–, H2O2, and other
substances. If these reactive oxygen species
are not removed in time, they will destroy the
normal metabolism of lipids, proteins, and
nucleic acids and damage the plant cells (Das
and Roychoudhury, 2014; Jithesh et al.,
2006; Luo and Liu, 2011). Li (2009) found
that with the increased NaCl concentration,
the O2

·– content in tomato seedling leaves
gradually increased. Yan et al. (2019) found
that the H2O2 content in Morus mongolica
Schneid. seedlings increased with the in-
creased NaCl concentration. This is consis-
tent with the results of our study, which
showed that the contents of H2O2 and O2

·–

in the leaves of turnip seedlings gradually
increased with the increased NaCl concen-
tration.

When plants are subjected to salt stress,
their protection mechanism established by
the antioxidant enzyme system, including
SOD, POD, CAT, and APX enzymes, will
enhance to reduce the O2

·– and H2O2 pro-
duced by reactive oxygen metabolism. Wang
et al. (2017) found that with the increased
NaCl concentration, the activity of SOD,
POD, CAT, and APX enzymes in Beta
vulgaris L. seedlings increased gradually.
Zeng et al. (2013) also found the same trend
for changes with the salt stress of Stevia
rebaudiana seedlings. These results are con-
sistent with our study. We found that the
antioxidant enzymes increased rapidly when
the turnip seedlings suffered salt stress.

When plants suffer from stress, they will
regulate osmotic substances to resist salt

stress. Osmoregulation substances in plants
include proline, soluble sugar, and soluble
protein. Li et al. (2018) found that the free
proline content of Eremochloa opiuroides
(Munro) increased significantly under salt
stress, and that the variation in soluble pro-
tein was closely related to the tolerance
degree of salt stress. The content of soluble
protein in salt-tolerant cultivars increased
significantly, but that in salt-sensitive culti-
vars decreased significantly. Li et al. (2017)
showed that under salt stress, the soluble
sugar content of salt-tolerant cultivars in-
creased significantly compared to that of
salt-sensitive cultivars, and the soluble sugar
content of salt-tolerant cultivars was also
significantly higher than that of salt-sensitive
cultivars. In our study, with the increasedNaCl
concentration, the soluble sugar content, solu-
ble protein content, and proline content in the
leaves of turnip seedlings increased signifi-
cantly. Therefore, we concluded that turnip
seedlings would resist the damage of salt stress
by regulating their osmotic substances and
maintaining osmotic balance.

A correlation analysis can reveal the syn-
ergism among the parameters of plants under
salt stress. Keskin and Yasar (2007) found
that the shoot length, root length, shoot fresh
weight, and root fresh weight of eggplant
(Solanum melongena L.) plants decreased
significantly when the plants were subjected
to 150 mmol/L NaCl stress for 14 d. Statis-
tically significant positive correlations were
found for four growth parameters. The results
were consistent with those of our study,
which indicated that the phenotypic changes

of the shoot and root of the plants were
synchronous under salt stress. Yasin et al.
(2017) found that the contents of soluble
sugar and soluble protein inRaphanus sativus
L. increased significantly under salt stress.
There was a significant positive correlation
between these two characteristics under salt
stress. The reason for this phenomenon may
be that plants need to regulate the contents of
osmotic substances to resist the osmotic
stress caused by salt stress. Chunthaburee
et al. (2016) found that the H2O2 content had
a significant positive correlation with POD
activity in rice seedlings under salt stress. We
found that there were significant positive
correlations among H2O2 content, O2

·– con-
tent, and the activities of SOD, POD, and
APX in turnip seedlings under salt stress. We
concluded that turnip seedlings would en-
hance the activities of antioxidant enzymes to
resist the damage to plant cells caused by the
production of reactive oxygen under salt
stress. Ashraf et al. (2013) found that there
was a significant positive correlation with
plant height and the chlorophyll content in
mungbean (Vigna radiata L.) plants under
salt stress. Although the correlations between
chlorophyll content and phenotypic parame-
ters of turnip seedlings were not significant in
our study, there was still a positive correla-
tion trend. Liu and Zhang (2016) found that
the correlations between total chlorophyll
content and antioxidant enzyme activities in
Potentilla fruticosa L. were uncertain after
7 d of salt stress. The chlorophyll content was
positively correlated with SOD activity but
negatively correlated with POD activity. The

Fig. 6. Correlation between seedling growth and physiological parameters under salt stress. Numbers in the boxes represent the correlation coefficient value. Red
represents a positive correlation and blue represents a negative correlation. *Significant difference at P < 0.05. **Remarkably significant difference at P < 0.01.
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same conclusion was found in our study. We
found that the total chlorophyll content and
APX activity of turnip seedlings were nega-
tively correlated with CAT activity under salt
stress. We hypothesized that the synthesis of
chlorophyll was controlled by many factors
under salt stress.

Conclusion

In this study, salt stress inhibited the
germination of turnip seeds, restricted the
growth of seedlings, and reduced the chloro-
phyll content in the leaves of turnip seed-
lings. To alleviate the damage of salt stress,
turnip seedlings would enhance the activities
of antioxidant enzymes to remove the reac-
tive oxygen and modify the contents of sol-
uble sugar, soluble protein, and proline to
regulate the osmotic potential. Statistically
negative correlations were found between the
growth parameters and antioxidant enzyme
activities. There was a positive correlation
among growth parameters. The results of this
study suggest that salt stress induces the
inhibition of turnip seedling growth. We
concluded that ‘Qiamagu’ was highly toler-
ant of salt stress, and that ‘Wenzhoupancai’
was somewhat less tolerant than ‘Qiamagu’.
These findings could benefit the cultivation
of this plant.
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