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1 INTRODUCTION

Drought stress is one of the most frequent environ�
mental stresses which affect plant growth and com�
monly constitute serious threats to agriculture [1].
Thus, improving our understanding of the plant
response can greatly enhance our ability to increase
plant performance under such conditions. In plant,
the first response is stomatal closure to prevent tran�
spirational water loss during drought stress. Stomatal
closure limits CO2 absorption and results in the over�
reduction of components within the electron transport
chain leading to the generation of oxidative stress [2].
Oxidative stress is characterized by the overproduction
of highly ROS, such as superoxide anion ( ), hydro�
gen peroxide (H2O2), hydroxyl radical (O ), and sin�
glet oxygen [1–3]. These ROS can cause membrane
lipid peroxidation, protein degradation, enzyme inac�
tivation, and DNA modification, resulting in cell

1 The article is published in the original.
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damage and eventually cell death. To protect against
oxidative stress, a highly efficient antioxidant defense
system is present in plant cells, which include the
enzymes superoxide dismutase (SOD), peroxidase
(POD), and catalase (CAT) and low molecular weight
antioxidants, such as glutathione (GSH), ascorbate
(AsA), and carotenoids [1–4]. The scavenging of
superoxide anion is achieved through SOD, which
catalyses the dismutation of superoxide to H2O2. The
H2O2 is then further scavenged by CAT and POD into
H2O and O2 [1]. Besides, the soluble antioxidants AsA
and GSH act directly as reducing agents or indirectly
as co�substrates of different enzymatic reactions [3].
Carotenoids also prevent photodamage mainly by act�
ing as physical quenchers of electronically excited
molecules, besides functioning as photoreceptors [5].

Blackberry belonging to the Rubus genus and sub�
genus (formerly Eubatus) of Rosaceae family, is gener�
ally considered to be broadly adapted to a wide range
of climates and soils [6], which can be grown through�
out much of the temperate regions in the world [7].
Besides, blackberries are a good source of natural anti�
oxidants. In addition to vitamins and minerals, extracts
of blackberries are also rich in phenolic compounds

Physiological Responses of Blackberry Cultivar ‘Ningzhi 1’ 
to Drought Stress1

H. Y. Yang, C. H. Zhang, W. L. Wu, W. L. Li, Y. L. Wei, and S. S. Dong
Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, Nanjing, P.R. China

e�mail: lwlcnbg@mail.cnbg.net, haiyanyang_025@126.com
Received October 14, 2014

Abstract—In order to study the potential antioxidant defense mechanisms, the blackberry cultivar ‘Ningzhi 1’,
a new floricane�fruiting hybridberry (Rubus sp.), was subjected to 20�day drought stress by withholding irri�
gation, followed by rewatering for 5 days, then the leaf water content (LWC), membrane electrolyte leakage,
contents of photosynthetic pigments, protein, soluble sugar, hydrogen peroxide (H2O2), and MDA, activities
of superoxide dismutase (SOD) and peroxidase (POD), and the levels of antioxidants such as ascorbate (AsA)
and reduced glutathione (GSH) in leaves were investigated. The results showed that LWC was greatly
decreased during the 20�day drought treatment period. After rewatering, water content restored. Drought
stress induced significant accumulation of photosynthetic pigments, protein, soluble sugar, H2O2, and MDA
as well as an increase in membrane electrolyte leakage, which were all decreased after rewatering. The activ�
ities of SOD and POD were elevated under drought stress, which were still at higher levels compared with
control after rewatering. The contents of AsA and GSH ascended first and were then followed by a decline
during the whole drought period, after rewatering, the contents increased and remained at a higher level than
that of controls. The plants showed a rapid and almost complete recovery after rewatering, and the physiolog�
ical alterations could represent a set of adaptive mechanisms employed by ‘Ningzhi 1’ to cope with drought
stress. It was suggested that increased drought tolerance of ‘Ningzhi 1’ was due to higher antioxidant
enzymes, reduced lipid peroxidation, better accumulation of osmolytes, and maintenance of tissue water
content.

Keywords: Rubus sp., blackberry, drought stress, oxidative stress, antioxidant system 

DOI: 10.1134/S1021443715040184

Abbreviations: AsA—ascorbate; Chl—chlorophyll; Car—caro�
tenoids; GSH—reduced glutathione; H2O2—hydrogen perox�
ide; LWC—leaf water content; NBT—nitro blue tetrazolium;
POD—peroxidase; SOD—superoxide dismutase.

RESEARCH PAPERS



RUSSIAN JOURNAL OF PLANT PHYSIOLOGY  Vol. 62  No. 4  2015

PHYSIOLOGICAL RESPONSES OF BLACKBERRY CULTIVAR ‘NINGZHI 1’ 473

such as anthocyanins, flavonols, chlorogenic acid, and
procyanidins, which have high biological activities and
may provide benefits to human health [8]. Recently,
blackberry is widely cultivated commercially in Oregon,
Mexico, Serbia, and China owing to the increasing
international demand [7], and its importance as a crop
has dramatically increased in the past 10 years.

In China, blackberry is grown under irrigated con�
ditions. However, water for irrigation is not always
available at the time and amount needed by the plant.
Moreover, dry years are occurring more frequently
probably due to climate change, and the probability of
water deficit for blackberry is increasing, especially in
the summer months [6]. Prolonged water deficits
result in negative impacts on plant growth and fruit
production. Hence, it is essential to elucidate the
mechanisms of this plant associated with water deficit
tolerance. Up to date, very few reports are available on
physiological adaptation of blackberry to drought
stress [9, 10]. In this study, ‘Ningzhi 1’ is a new flori�
cane�fruiting hybridberry (Rubus sp.) released by the
Institute of Botany, Jiangsu Province and Chinese
Academy of Sciences in 2010 [11, 12], which was
selected from an induced primocane mutation of
hybridberry ‘Boysenberry’. It can grow in hilly areas of
Jiangsu, Zhejiang, Anhui, Shandong provinces in
China [11]. However, to the best of our knowledge, no
work has so far been carried out to study drought stress
induced metabolic changes therein.

In this investigation, we researched the physiological
responses of ‘Ningzhi 1’ to water deficit/drought stress,
with reference to: (1) changes in leaf water content and
the membrane electrolyte leakage; (2) changes in the
contents of photosynthetic pigments, protein, soluble
sugar, H2O2, and MDA; (3) changes in the activities of
superoxide dismutase (SOD) and peroxidase (POD);
(4) changes in the levels of antioxidants such as reduced
ascorbate (AsA) and reduced glutathione (GSH). As a
fruit tree plant, blackberry had excellent adaptability on
multiple abiotic stresses including drying climate. This
study will be helpful in elucidating the mechanism of
drought tolerance in blackberry plants.

MATERIALS AND METHODS

Plant material. This experiment was carried out with
the blackberry cultivar ‘Ningzhi 1’, a new floricane�
fruiting hybridberry (Rubus sp.), from June to July 2014
in the Institute of Botany, Jiangsu Province and Chinese
Academy of Sciences, Nanjing, China. The one�year�
old seedlings of ‘Ningzhi 1’, which were obtained by
layering, we used in the tests. Plants were grown in pots
(26 cm in diameter × 24 cm in depth) containing a mix�
ture of loamy garden soil and peat soil (3 : 2, v/v) and
maintained in a greenhouse with a mean temperature of
26 ± 3°C, relative humidity of 86 ± 20%, and natural
light/dark cycle. All pots initially weighed the same
(6.0 kg) to facilitate calculations. After applying stan�
dard irrigation (to 75% field capacity) for five months in

the greenhouse, morphologically uniform seedlings
were selected for drought stress experiments.

Well�watered plants were used as controls. Control
plants were watered every other day to field capacity.
Plants undergoing drought stress treatment were sub�
jected to 20�day drought stress by withholding irriga�
tion, and then plants were rewatered to field capacity
and followed by a recovery for 5 days. The experiment
was carried out using a completely randomized split�
plot design with six replicates, giving a total of six
plants per treatment. Samples were harvested at the 0,
5, 10, 15, and 20th day during drought stress, and also
post�drought after 5�day rewatering. Fully expanded
leaves at the fourth or fifth position from the apex of
the shoot were sampled.

Assay of leaf water content. For the measurement of
leaf water content (LWC) fully developed leaves were
harvested and weighed immediately to determine the
fresh weight (FW) and were then oven dried at 60°C till
constant weight for dry weight (DW) [13]. The LWC was
determined as: LWC (%) = [(FW – DW)/FW] × 100%.

Assay of membrane permeability. Membrane per�
meability, which reflects membrane damage, was
measured by an electrical conductivity method
described by Yan et al. [14]. Six fresh leaf discs (diam�
eter = 5 mm) from a recently fully expanded leaf were
used to assess the electrolyte leakage percentage.
Samples were washed three times with deionized
water to remove surface�adhered electrolytes. Leaf
discs were placed in closed vials containing 10 mL
deionized water under a vacuum (via a vacuum pump)
for 10 min and then surged for 1 h. Electrical conduc�
tivity of the solution (Lt) was determined at 25°C.
Samples were then incubated in boiling water for
10 min and the final electrical conductivity (L0) was
obtained after equilibration at 25°C. Electrolyte leak�
age percentage was defined by the formula:

Electrolyte leakage (%) = (Lt/L0) × 100%.

Assay of photosynthetic pigment. Chlorophylls
and carotenoids (~0.2 g fresh samples) were
extracted with 80% acetone and absorbances (A) at
470, 647, and 663 nm were recorded on a spectro�
photometer (Thermo GENESYS 10). The contents
of Chl a, Chl b and Car were determined according
to Lichtenthaler [15].

Assay of protein and soluble sugar contents. Protein
content in the leaves (1 g) was estimated according to
Bradford using bovine serum albumin (BSA, “Sigma”)
as a standard [16]. Soluble sugar content was measured
according to Ji et al. [17].

Assay of leaf lipid peroxidation and H2O2 content.
The level of lipid peroxidation in fresh leaves was mea�
sured in terms of MDA content by the thiobarbituric
acid (TBA) method [18]. Plant tissue (0.5 g) was
homogenized with 10 mL 10% (w/v) TCA. The homo�
genate was centrifuged at 10000 g for 10 min. To 2 mL
of the aliquot of the supernatant, 2 mL of 10% TCA
containing 0.5% TBA was added. The mixture was
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incubated at 95°C for 30 min and then cooled quickly
in an icebath. The contents were centrifuged at 10000 g
for 15 min, and the absorbance of the supernatant was
measured at 532 nm and corrected for nonspecific
absorbance at 600 nm. The content of MDA was calcu�
lated by using an extinction coefficient of 155/(mM
cm) and expressed as nmol/g fr wt. H2O2, an indicator
of free radical production, was measured by the
reagents purchased from Nanjing Jiancheng Bioengi�
neering Institute, China.

Assay of antioxidant enzyme activities. SOD activity
was estimated according to the method of Stewart and
Bewley by monitoring the inhibition of photochemical
reduction of nitro blue tetrazolium (NBT) [19]. One
unit of SOD activity was defined as the amount of
enzyme required to inhibit 50% of the initial reduction
of NBT under light. The POD activity was determined
with guaiacol as the substrate in a total volume of 3 mL
[20]. One unit of POD activity was calculated by the
change in absorbance at 470 nm/(min g fr wt) at 25°C.

Assay of ascorbate (AsA) and reduced glutathione
(GSH) contents. The fresh leaves (0.5 g) were homog�
enized in ice�cold 5% (w/v) trichloroacetic acid and
then centrifuged at 10000 g for 20 min at 4°C. AsA was
determined according to the modified procedure by
Law et al. [21]. To measure total AsA, the supernatant
was initially treated with dithiothreitol (which reduces
dehydroascorbate to ascorbate): 0.2 mL of treated�
supernatant was added to 0.5 mL of 150 mM phos�
phate buffer (pH 7.4) containing 5 mM EDTA and
0.1 mL of 0.5 mM N�ethylmaleimide. After adding of
0.4 mL of 10% (w/v) tricholoroacetic acid, 0.4 mL of
44% (v/v) orthophosphoric acid, 0.4 mL of 4% (w/v)
dipyridyl in 70% (v/v) ethanol and 0.2 mL of 3% (w/v)
ferric chloride, the mixture was incubated at 40°C for

40 min. The color developed was measured at 525 nm
and the result was expressed as AsA content in the tis�
sue (mmol/g fr wt). GSH content was determined
spectrophotometrically at 412 nm using the method of
Anderson [22], after precipitation with 0.1 M HCl,
using GSH reductase, 5,5'�dithio�bis�(2�nitrobenzoic
acid) (DTNB) and NADPH. The content of GSH was
expressed as µmol/g fr wt.

Statistical analysis. All assays were carried out in
triplicate and results are expressed as mean ± standard
deviation (SD). Statistical comparisons were done
with the one�way ANOVA test in Statistical Analysis
System (STATISTICA 6.0). When the differences
were significant (P < 0.05), Tukey’s tests were per�
formed for post�hoc comparisons.

RESULTS

Leaf Water Content 

Under control conditions, leaf water content (LWC)
of ‘Ningzhi 1’ was about 71.27% (Fig. 1). Drought stress
induced a progressive decrease in LWC during the
20�day drought treatment period. After 20 days of
drought stress, LWC was reduced to 42.25%, however
after 5 days of rewatering, the LWC restored and was
recorded as 71.08% in leaves of the plant.

Membrane Permeability

In leaves of ‘Ningzhi 1’, membrane electrolyte
leakage increased gradually over the twenty day
drought treatment period (Fig. 2). On the 20th day, the
maximal increase in the electrolyte leakage was
recorded as 75.10% in leaves of the plant, which was
2.7 times higher as compared to the control. After
rewatering, the electrolyte leakage decreased to
approximately the level seen in the control.

Pigment Content

It can be seen from Table 1 that chlorophyll a
(Chl a), chlorophyll b (Chl b), chlorophyll (a + b)
(Chl (a + b)) and carotenoids (Car) contents
increased gradually under drought stress. On the
20th day, Chl a and Car reached the peak values
(1.82 mg/g fr wt for Chl a and 0.35 mg/g fr wt for
Car), and were 129.76 and 218.73% of the controls,
respectively. The maximal increase in Chl b and
Chl (a + b) contents were recorded as 106.88 and
49.15% in leaves of the plant on the day 15th, respec�
tively. On the 20th day, the contents of Chl b and
Chl (a + b) declined. After rewatering, the contents
of Chl a, Chl b, Chl (a + b), and Car declined to
80.01, 88.25, 82.78, and 114.81% of the background
levels. In comparison to control plants, drought
stress also induced a decrease in Chl a/b ratio to a
different extent.
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Fig. 1. Water content in the leaves of ‘Ningzhi 1’ under
control conditions, during 5�, 10�, 15�, and 20�day periods
of drought stress (D�5d, D�10d, D�15d, and D�20d,
respectively), and 5 days after rewatering (R�5d). Data are
means ± SD (n = 3). Values designated over the bars in dif�
ferent letters are significantly different at P < 0.05.
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Protein, MDA and H2O2 Contents

As shown in Table 2, protein content in leaves of
the treated plants increased gradually during the
twenty days of drought treatment period, which
reached a maximum on the 20th day (1.3 times higher
than the control level), but decreased to the control
level after rewatering.

Formation of MDA is considered to be a measure of
lipid peroxidation in plants. In our study, drought stress
induced a massive accumulation of MDA (Table 2). On
the 20th day, the content of MDA reached the peak at
71.97 nmol/g fr wt, increasing by 439.14%. After rewa�
tering, it declined and remained at a higher level than
that of control. Drought stress also significantly
increased the level of H2O2 content compared to the
control (Table 2). The maximal increase (195.64%) was
recorded in leaves of the plant on the 20th day, however
it decreased after recovery from drought.

SOD and POD Activities

Compared to controls, the activity of SOD and
POD increased concomitantly in leaves of ‘Ningzhi 1’
during the drought stress period (Fig. 3). They reached
their peaks on the 20th and 15th days and showed an
increase of up to 215.67 and 182.96% in comparison to
the control, respectively. Despite of decrease after
5 days of rewatering, they still remained higher than
the control.

AsA and GSH Contents

During drought stress, the contents of AsA and
GSH ascended first and were then followed by a
decline (Fig. 4). On the 10 day, they reached the peak
values, of 1.6 and 1.5 times of the control level. After
rewatering, the content of GSH restored to the control
level, whereas AsA was still 1.7 times higher than the
control.

Soluble Sugar Content

Under drought treatment, the soluble sugar content
significantly increased and peaked on the 20th day,
reaching 4.3 times as compared to the control level
(Fig. 5). After 5 days of rewatering, the soluble sugar
content was still at a higher level compared with control.

DISCUSSION

Blackberry plants are often exposed to severe water
stress in the summertime in China [6]. In order to bet�
ter understand the drought tolerance mechanism, we
investigated the physiological responses of the new flo�
ricane�fruiting hybridberry cultivar ‘Ningzhi 1’ under
prolonged drought stress. Water status in plants is
highly sensitive to water stress and therefore is domi�
nant in determining plant responses to stress [2]. In
leaves of ‘Ningzhi 1’, we observed a gradual decline in
leaf water content (LWC) with increasing water deficit.
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Fig. 2. Electrolyte leakage in the leaves of ‘Ningzhi 1’ under
control conditions, during 5�, 10�, 15�, and 20�day periods
of drought stress (D�5d, D�10d, D�15d, and D�20d,
respectively), and 5 days after rewatering (R�5d). Data
are means ± SD (n = 3). Values designated over the bars in
different letters are significantly different at P < 0.05.

Table 1. Pigment contents in the leaves of ‘Ningzhi 1’ under control conditions and drought stress and after rewatering

Treatment Chl a, 
mg/g fr wt

Chl b, 
mg/g fr wt

 Chl (a + b), 
mg/g fr wt

Car, 
mg/g fr wt Chl a/b

Control 1.40 ± 0.08c 0.71 ± 0.07cd 2.11 ± 0.14cd 0.16 ± 0.01cd 1.98 ± 0.08a

D�5d 1.54 ± 0.13bc 0.90 ± 0.17bc 2.44 ± 0.30bc 0.17 ± 0.01bc 1.74 ± 0.20ab

D�10d 1.59 ± 0.06b 1.04 ± 0.05b 2.63 ± 0.08b 0.21 ± 0.04b 1.53 ± 0.08b

D�15d 1.68 ± 0.01a 1.47 ± 0.04a 3.15 ± 0.03a 0.13 ± 0.01d 1.15 ± 0.04c

D�20d 1.82 ± 0.04b 1.00 ± 0.02b 2.82 ± 0.05ab 0.35 ± 0.01a 1.82 ± 0.01ab

R�5d 1.12 ± 0.03d 0.63 ± 0.06d 1.75 ± 0.09d 0.18 ± 0.01bc 1.80 ± 0.12ab

Data were obtained after 5�, 10�, 15� and 20�day periods of drought stress (D�5d, D�10d, D�15d, and D�20d, respectively), and 5 days
after rewatering (R�5d). Data are means ± SD (n = 3). Different letters in the same column indicate that means are significantly different
at P < 0.05.



476

RUSSIAN JOURNAL OF PLANT PHYSIOLOGY  Vol. 62  No. 4  2015

YANG et al.

The lowest LWC values (42.25%) were observed on the
20th day of drought treatment, when compared with
the control. The reduction of LWC eventually caused
severe wilting and cell membrane injury. However,
after rewatering, the LWC value rapidly returned to its
starting levels and was approximately the same as those
for control plants (Fig. 1).

Chlorophyll (Chl) content is a sensitive parameter
under drought stress conditions. A decrease in Chl
content with drought stress has been observed in sev�
eral plants [2, 23, 24]. However, in the present experi�
ment, Chl a, Chl b and Chl (a + b) content in the
leaves of ‘Ningzhi 1’ was significantly increased during
drought stress (Table 1). It suggested that different
adaptive mechanisms existed in ‘Ningzhi 1’ to tackle
the severe drought stress. Our results were also in
accordance with those found by Sengupta et al. [4] and

Sapeta et al. [25], who reported that Chl content in
Vigna radiata and Jatropha curcas were increased at
drought stress. An increase in Chl a/b ratio has also
been reported in several plant species regarding
drought, dark, osmotic nitrogen limitation, and high
light stress [2, 23, 24]. Nevertheless, a reduction of the
Chl a/b ratio in ‘Ningzhi 1’ was observed under
drought stress. In this study, the reduction of Chl a/b
ratio was mainly due to the increase in Chl b content,
which indicated that it is more or less stable during
senescence. A similar trend of decline was also seen in
the leaves of J. curcas, and was as the result of the
increase in Chl b content [25]. After 5 days of rewater�
ing, Chl content and the Chl a/b ratio of ‘Ningzhi 1’
were returned almost to the control values. Such
recovery efficiency suggests that the imposed water
stress caused no permanent damage to the leaf photo�
chemical system.

It is well known that drought stress causes a marked
increase in oxidative damage to plants [1, 2]. We
observed H2O2 content increased significantly and pro�
gressively during 20 days of drought stress (Table 2).
High ROS levels are known to increase lipid peroxida�
tion, allowing MDA content to be used as an indicator
of oxidative stress peroxidation of membrane lipids [1].
As responses to drought stress, significant increase in
MDA level was detected (Table 2), showed a similar
trend to H2O2 content. In addition, the membrane per�
meability, which represents the stability of the cell
membrane, is also employed as a physiological marker
for assessing plant drought tolerance [1].

In the present study, the membrane electrolyte
leakage was significantly increased under drought
stress possibly owing to membrane lipid peroxidation
[1]. However, these parameters were significantly
decreased after rewatering, indicating that plants have
a well�developed antioxidant defense system to main�
tain the redox equilibrium. The protective mecha�

Table 2. Protein, MDA, H2O2 and soluble sugar contents in the
leaves of ‘Ningzhi 1’ under control conditions and drought
stress and after rewatering

Treatment
Protein 
content, 

mg/g fr wt

MDA 
content, 

nmol/g fr wt

H2O2 
content, 

µmol/g fr wt

Control 2.36 ± 0.07c 13.35 ± 1.10e 1177.50 ± 91.68e

D�5d 2.85 ± 0.11b 15.33 ± 1.37e 1791.95 ± 12.58d

D�10d 2.75 ± 0.07b 31.71 ± 2.16c 2216.41 ± 54.50c

D�15d 2.83 ± 0.09b 46.11 ± 2.57b 2260.84 ± 42.83c

D�20d 3.09 ± 0.07a 71.97 ± 1.52a 3481.14 ± 115.94a

R�5d 2.32 ± 0.10c 22.07 ± 0.96d 2685.86 ± 42.06b

Data were obtained after 5�, 10�, 15� and 20�day periods of drought
stress (D�5d, D�10d, D�15d, and D�20d, respectively), and 5 days af�
ter rewatering (R�5d). Data are means ± SD (n = 3). Different letters
in the same column indicate that means are significantly different
at P < 0.05.
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Fig. 3. The activity of SOD (a) and POD (b) in the leaves of ‘Ningzhi 1’ under control conditions, during 5�, 10�, 15�, and 20�day
periods of drought stress (D�5d, D�10d, D�15d, and D�20d, respectively), and 5 days after rewatering (R�5d). Data are means ±
SD (n = 3). Values designated over the bars in different letters are significantly different at P < 0.05.
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nisms adapted by the plants to scavenge free radicals
and peroxides include several antioxidant enzymes
(SOD and POD) and antioxidant compounds (GSH,
AsA, and Car) [1–4]. SOD constitutes the first line of
the enzymatic defence system as it dismutates super�
oxide radicals to H2O2 and is well documented in sev�
eral plant species to increase in response to drought
stress [1–4]. In the present investigation, drought
stress induced a constant increase of SOD activity
(Fig. 3a), which coincided with previous researches.
After rewatering, the SOD activity was still much
higher than the control. The higher SOD activity in
drought condition with respect to the control
(Fig. 3a), would allow this species to deal with the
superoxide anion induced mainly by drought. Similar
patterns to SOD activity regulation were observed for
POD, one of the most important H2O2 scavenging
enzymes the regulation of which may depend on
drought severity, duration and species [1, 2]. In toler�
ant plant species, POD activity was found to be higher,
providing protection against the oxidative stress [1, 2].
In the present study, the increased POD activity might
help to overcome cellular damage by reducing the
toxic level of H2O2 (Fig. 3b). Apart from these active
oxygen�scavenging enzymes, the levels of antioxidants
like reduced GSH, AsA, and Car are found to increase
under oxidative stress conditions (Fig. 4; Table 1). The
higher the AsA and GSH contents are, the less is the
injury from ROS [3].

An increased AsA content protects proteins and lip�
ids against oxidative damage in plants subjected to water
stress [3]. Smirnoff and Wheeler [26] reported that AsA
has a major role in photosynthesis, acting in the Mehler
peroxidase reaction with ascorbate peroxidase to regu�
late the redox state of photosynthetic electron carriers
and as a cofactor for violaxanthin de�epoxidase, an

enzyme involved in xanthophyll cycle�mediated photo�
protection. In our present study, the AsA content in the
leaves of ‘Ningzhi 1’ first increased and then decreased
(Fig. 4a), this induction could compensate to some
extent the enzymatic inactivation by elevated ROS lev�
els. Besides, the high level of AsA must play an impor�
tant role in photosynthesis in blackberries, and should
be the major reason for the increase of chlorophyll. As a
component of the AsA�GSH cycle, GSH is required for
the regeneration of AsA, and takes part in the removal of
excess H2O2 [3]. According to our results, the GSH
content was also increased during drought stress
(Fig. 4b). The increase in the GSH level might be due to
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ferent letters are significantly different at P < 0.05.
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the significant increase in glutathione reductase and
dehydroascorbate reductase activity as well as higher
GSH biosynthesis [3, 4]. Our results suggest that similar
to AsA, a high level of GSH under water deficit is asso�
ciated with drought tolerance in ‘Ningzhi 1’. Addition�
ally, Car is also considered as very susceptible to oxida�
tive destruction and oxidative damage appears under
severe drought, as the pools of xanthophyll are not effi�
ciently restored by AsA and GSH [27]. In the present
study, Car content was greatly increased under drought
stress (Table 1). The increased Car content might
actively participate in ROS detoxification with pro�
longed drought stress.

It is widely accepted that protein content is an
important indicator of reversible and irreversible
changes in metabolism, which respond to a wide variety
of stressors [28, 29]. Zadra nik et al. [28] reported that
the levels of a number of proteins involved in various
cellular pathways are affected during drought stress in
common bean. In this experiment, it could be seen from
the table 2 that drought stress enhanced the content of
soluble protein in the leaves of ‘Ningzhi 1’, then, after
5 days of rewatering, the protein content was restored.
The increase of soluble protein was possibly due to
induction of stress proteins [28]. Likewise soluble sugar
accumulation also continued in cultivar ‘Ningzhi 1’
(Fig. 5). These increase in protein and soluble sugar
accumulation under drought stress not only helped in
maintain tissue water status but also protected from
drought�induced active and reactive oxygen species.

In conclusion, the present study demonstrated the
physiological and biochemical impacts of drought stress
in the leaves of the blackberry cultivar ‘Ningzhi 1’.
Drought stress increased the H2O2 and MDA levels and
elevated the percentage of membrane electrolyte leak�
age, which provided precise information on the induc�
tion of oxidative stress. The increase in the activity of
antioxidant enzymes (SOD and POD), and the accu�
mulation in the content of antioxidative compounds
(AsA, GSH, and carotenoids), chlorophyll, protein,
and soluble sugar under water deficit appear to be asso�
ciated with drought tolerance in ‘Ningzhi 1’. However,
further studies considering expression of the corre�
sponding resistance genes are required to determine
whether the recorded change has any relationship with
drought stress resistance.
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