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Introduction

Ber ( ) is an ancient and
indigenous fruit of India, China and Malaysia region. The ber
is one of the most common fruit trees of India and is
cultivated practically all over the country. Ber fruits is within
the reach of poor people and hence, is known as poor man's
fruit. Among the fruit trees, ber cultivation requires perhaps
least inputs and care. It gives good production even without
irrigation and can be grown as a rain fed crop in semi-arid and
arid regions. The tree can, therefore, give assured income
even under marginal growing conditions and provides
nutritious food at low cost. The fruit is dried and is used as a
dessert fruit. It can also be preserved as a candied fruit. From
health benefit point of view ber has antioxidant properties. It
helps in cancer treatment, relieving stress blood purification,
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strengthening bones, treating insomnia and anxiety,
protecting the liver, improving the immune functions, weight
control and streamling blood circulation. Salinity affects
large areas of the world's arable land making the landscape
either barren or unproductive. It is estimated that about 20%
of the earth's land mass and nearly half of the total irrigated
area is affected by salinity. Increased salinization of arable
land is expected to have devastating global effects, with
prediction of 30% land loss in next 25 years, and up to 50% by
the year 2050 (Ebert, 2000). Salt stress is a physical-chemical
process in which many biological molecules like nucleic
acid, proteins, carbohydrates, lipids, hormones, ions, free
radicals and mineral elements are actively involved (Munns,
2002; Liu and Baird, 2004). In addition, salt stress reduces
photosynthesis (Pradeep and Jumbhale, 2000), causes
stomatal closure (Hernandez and Almansa, 2002),
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decrease in proline dehydrogenase. The sodium content was observed higher in roots of

and leaves of . Therefore, it is suggested that salt tolerance
mechanism was more efficiently operative in owing to better management of
physiological attributes, osmolytic defense mechanism and restricted translocation of sodium
from root to leaves along with larger accumulation of potassium in its leaves.
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chlorophyll stability index and membrane stability index. To
mitigate and repair the decrease in these physiological traits
initiated by salt stress, salinity tolerant species have been
found to develop a complex osmolytic system. Proline
accumulation in plant cells exposed to salt stress is a wide
spread phenomenon (Wang , 2011; Bakht ., 2012).
Proline accumulation in plant tissues has been suggested to
result from decrease in proline degradation; increase in
proline biosynthesis; decrease in protein synthesis and
hydrolysis of protein (Yoshiba ., 1997). It has been
shown that proline accumulation in response to salinity can
be attributed to increase in -Pyrrolline-5-carboxylate
reductase, -Pyrrolline-5-carboxylate synthetase and
Ornithine- -aminotransferase with decrease in proline
dehydrogenase activity (Mathioni ., 1997; Bakht .,
2012). In plants, proline is synthesized from glutamic acid
(Glu) p5c by these anabolic enzymes. Ornithine can also
serve as a precursor for proline biosynthesis. Proline is
metabolized to glutamic acid via p5c by two enzymes;
proline dehydrogenase and p5c dehydrogenase (Chuan .,
2002). However, systematic information with respective to
relative tolerance of one species over other is completely
lacking. Therefore, the present investigation war carried out
to find relative salt tolerance of two ber species,

and . The results were validated
by estimating various physiological parameters, proline
metabolism and ionic regulation in roots and leaves.

: The study was
carried out in cage house, Department of Plant Physiology,
S.K.N. College of Agricultutre, Jobner-Jaipur under natural
conditions. Six-month-old plants of
and grown in ceramic pots of 40x40 cm
diameter were selected for the study. The pots were filled
with 20 kg loamy sandy soil having bulk density of 1.5 g cm ,
electric conductivity (EC) 0.6 dSm , pH 8.2, sodium
absorption ratio 12.5 and CaCO 0.14%. The field capacity
and permanent wilting point of soil was 11.8 and 2.8%,
respectively. About15 pots of each cultivar were used. The
recommended doses of manures, fertilizers and other inputs
were provided at appropriate time. Salts used to prepare
saline irrigation water: Chloride and sulphate in 3:1 ratio by
using following salts; NaCl, NaSO , CaCl and MgCl . Saline
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Materials and Methods

Plant materials and experimental details

3

4 2

irrigations were applied at interval of five days. Tap water is
used for saline irrigation of EC dSm ,whereas 710.2, 818.16,
735.08 and 609.88mg NaCl, NaSO , CaCl and MgCl were
dissolved in tap water to prepare one liter solution of saline
irrigation water of EC dSm ; Whereas 1597.95, 1840.46,
1653.93 and 1374.66 mg NaCl, NaSO , CaCl and MgCl
were dissolved in one liter of tap water to prepare saline
irrigation water of EC dSm ; 2485.7, 2863.56, 2572.78 and
2134.58mg NaCl, NaSO , CaCl and MgCl were dissolved in
tap water to prepare one liter solution of saline irrigation
water of EC dSm and 3373.45, 3886.26, 3491.63 and
2896.93mg NaCl, NaSO , CaCl and MgCl were dissolved in
tap water to prepare saline irrigation water of EC dSm .
The control plants were irrigated with tap water. The top most
fully expanded leaves were sampled for analysis after 45 days
of saline irrigation from both the species.

: P , E and
gs were measured by Infra Red Gas Analyzer (CI- 301, gas
analyzer, USA).Three top most fully expanded leaves from
each treatment were selected randomly for the
measurements. The leaf was enclosed in the assimilation
chamber and P was monitored, while CO concentration
changed over a definite time interval. The system
automatically calculated P on the basis of preloaded flow
and E and gs were also measured simultaneously by Infra Red
Gas Analyzer on the same leaf. All these measurements were
taken at 10:00-11:00 hr (Indian time) when relative humidity,
temperature, photosynthetic photon flux density and CO
concentration ranged from 50-60%, 30-35ºC, 1200 umol
(photon)m s and 350-360 umol mol , respectively.

Leaves of control and
salt-treated plants were collected and thoroughly washed with
distilled water. 200 mg of leaf sample was placed in 25 ml of
double distilled water at 40 º C for 30 min and thereafter,
electric conductivity (C1) was measured with conductivity
meter. Subsequently, same samples were placed on boiling
water bath (100 ºC) for 10 min and their electric conductivity
was recorded (C2). MSI was calculated as per Sullivan (1972).

Two sets of 100 mg of
fresh leaf samples were kept in 100 ml distilled water
separately. One set was kept at room temperature and another
was incubated at 45 ºC for 30 min. Water from all the samples
was drained and Chlorophyll a and b content were extracted
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Gas-exchange(at 45 days after saline irrigation)

Membrane stability index (MSI) :

Chlorophyll stability index (CSI) :
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Table 1 :

Salinity levels ( ) NaCl (mg l ) NaSO (mg l ) CaCl (mg l ) MgCl (mg l )

Composition of salts for preparing different levels of saline irrigation water

EC Tap water Tap water Tap water Tap water
EC 710.2 818.16 735.08 609.88
EC 1597.95 1840.46 1653.93 1374.66
EC 2485.7 2863.56 2572.78 2134.58
EC 3373.45 3886.26 3491.63 2896.93
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with mortar and pestle in 80% chilled acetone (10 ml). After
centrifugation at 5000 rpm for 5 min, the resultant solution of
Chlorophyll a and b was determined spectrophotometrically
at 663nm and 645nm.The CSI was calculated according to
Gupta . (2000).

: Na and K concentration in roots and
leaves were determined by the method of Wignarajah .
(1975). Dried plant material (1g) was extracted three times
with boiling deionized water and supernatant was collected
after centrifugation. The residue was then extracted with 30
%( v/v) HNO for 1 hr at 90 C. The supernatant was cooled
and collected after centrifugation. The residue was extracted
twice with 30% HNO . All the supernatants were pooled and
concentration of sodium and potassium ions were estimated
[g kg d.wt.] using flame photometer.

: Plant leaves were
homogenized with 3% sulphosalicylic acid and homogenate
was centrifuged at 3,000 g for 20 min. The supernatant was
treated with acetic acid and acid ninhydrin, boiled for 1 hr and
then absorbance was read at 520nm. Proline content was
expressed as g g f.wt. of leaf (Bates ., 1973). The protein
of leaf samples were determined by the method of Bradford
(1976).Protein content was expressed as mg g f.wt. leaf.

: A similar extraction procedure was used for
-Pyrrolline-5-carboxylate synthetase and Proline

dehydrogenase, which is mainly based on the procedure
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Determination of proline and protein

Enzyme assays
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described by Lutts . (1999). Leaves were homogenized in
a prechilled mortar and pestle with 50 mM Tris-HCl buffer
(pH 7.4) containing 7 mM MgCl , 0.6M KCl and 3 mM
EDTA. The homogenate was centrifuged at 15,000 g for 20
min. The solution used for extraction of Ornithine- -
aminotransferase (OAT) was 100 mM potassium phosphate
buffer (pH 7.4) containing 1 mM pyridoxal-5- phosphate,
1mM EDTA and 10 mM 2-mercaptoethanol.The extract was
centrifuged at 12,000 g. All the extraction procedures were
conducted at 4°C. -Pyrrolline-5-carboxylate reductase was
assayed by a NADH dependent reaction (Madan .
1995).The assay mixture contained 0.06 mM NADH, 0.15
mM p5c, 120 mM potassium phosphate buffer,2 mM
dithiothreitol, and enzyme extract. Reaction was started by
addition of p5c and decrease in absorbance was followed at
340 nm. -Pyrrolline-5-carboxylate reductase was expressed
as units mg protein (1U=Amount of enzyme required to
produce 1 mol NADH per minute).Ornithine- -
aminotransferase activity was assayed according to Vogel and
Kopac (1960).The assay mixture contained 0.2 ml enzyme
extract and 0.8 ml 100 mM potassium phosphate buffer (pH
8.0) containing 50 mM L-ornithine, 20 mM -ketoglutarate
and 1mM pyridoxal-5-phosphate.The reaction medium was
incubated at 37°C for 30 min and reaction was stopped by
adding 0.5 ml trichloroacetic acid (10%) and the colour was
developed by incubating the reaction mixture with 0.5 ml o-
aminobenzaldehyde (0.5%) in ethanol (95%) for 1 hr. After
centrifugation at 12,000 g for 10 min, clear supernatant
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Table 2 :

Salinity Photosynthesis rate (μMol CO m s ) Transpiration rate (m Mol H O m s ) Stomatal conductance (cm s )

(dSm )

Values of photosynthesis, transpiration rate and stomatal conductance in and irrigated to different
saline water

EC 16.51 7.11 3.91 3.69 50.0 45.46
EC 15.01 6.02 3.52 3.31 41.41 40.15
EC 11.52 4.62 2.36 2.78 38.33 35.8
EC 9.52 3.41 2.11 2.42 31.81 30.51
EC 5.11 2.32 1.43 2.11 22.23 24.22
CD 1.04 0.35 6.13
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Table 3 :

Salinity Relative water content (%) Cell membrane stability (%) Chlorophyll stability index

(dSm )

Values of relative water content, cell membrane and chlorophyll stability index in and irrigated to
different saline water

EC 85.5 81.5 76.77 68.25 2.78 2.31
EC 81.6 76.5 65.9 58.95 2.02 1.91
EC 77.4 69.2 58.76 52.38 1.79 1.53
EC 71.2 64.4 52.91 43.69 1.49 0.98
EC 65.2 50.4 46.29 30.76 1.28 0.86
CD 3.52 2.06 0.11

Ziziphus rotundifolia Ziziphus nummularia
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fraction was collected to measure the absorbance at
440nm.Ornithine- -aminotransferase was expressed as units
mg protein (1U=Amount of enzyme required to produce
1nmol p5c per minute). Proline dehydrogenase activity was
assayed by following NAD reduction at 340nm in 0.15 M
Na CO -HCl buffer (P 10.3) containing 13 mM L-proline and
1.5 mM NAD (Lutts ., 1999). Proline dehydrogenase was
expressed as units mg protein (1U=Amount of enzyme
required to produce 1 mol NADH per minute).

: There were three replication for each
treatment. Statistical analysis of data was processed using

δ

μ

-1

+

H

+

-1

2 3

et al

Statistical analysis

completely randomized block design (Gomez and
Gomez,1984).The standard error of each mean values were
also calculated for presentation with bar diagram.

Perturbations in different gas exchange parameters
due to salt stress is considered as an important indicator of
salinity induced damage to plants. In the present
investigation, salinity significantly reduced photosynthesis
in both the plant species, up to Ec 20 dSm . As comparerd
with control, the value of photosynthesis reduced to 44.8% in

Results and Discussion

-1
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Fig. 2 : Pyrolline-5-carboxylase reductase activity in salt treated plants of and . Vertical bars indicate SE of
mean. Critical difference for treatments significant at P=0.05
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Fig. 1 : Pyrolline-5-carboxylase synthetase activity in salt treated plants of and . Vertical bars indicate SE of
mean. Critical difference (CD) for treatments significant at P=0.05
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et al

and 63.1% in at
20 dSm EC level. The transpiration rate and stomatal
conductance were also found to reduced significantly with
increasing level of salinity in both the species (Table 2).
Comparatively, maintained higher rate
of photosynthesis, transpiration rate and stomatal
conductance even at higher salinity level (Ec 20 dSm ).
Inhibition of photosynthesis under salt stress is due, in part, to
the closure of stomata, which reduced the availability of
internal CO (Halliwell, 1987). Decreased stomatal
conductance is often related to an increased abscisic acid
concentration in leaves or xylem flux (Meena ., 2003).

-1

-1

2

High salt concentration decreases the available water
resources in soil (Liu ., 2005) and thus, a plant senses by
sending chemical signals to PSII which play key role in
maintaining photosynthesis under salt stress (Zheng .,
2009). The result concerning leaf RWC, in the present study,
also support this hypothesis. It was observed that saline
treatment significantly reduced RWC by 23.74% in Ziziphus

and 38.15% in at EC 20
dSm , respectively. always exhibited
higher water status in the control, as well as, in salt treated
plants (Table 3). Salt stress induced decline in CMS was
observed in both the species, but reduction was lesser in

et al

et al
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Effect of saline irrigation water on ber

Fig. 3 : Ornithine- -aminotransferase activity in salt treated plants of and . Vertical bars indicate SE of mean.
Critical difference for treatments significant at P=0.05
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Fig. 4 : Proline dehydrogenase activity in salt treated plants of and . Vertical bars indicate SE of mean. Critical
difference for treatments significant at P=0.05
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(76.77 to 46.29) than in
(68.25 to 30.76). Chlorophyll stability index

also reduced from 2.78 to 1.28 in and
2.31 to 0.86 in at highest salinity level
(Table 2). Poor membrane integrity with salinity treatment
indicates high sodium accumulation in cells, thus disturbing
ionic balance and normal plant growth (Chakraborthy .,
2012). Variations in Chlorophyll stability index of both the
species in the present investigation indicated existence of an
efficient mechanism of chlorophyll retention in

.

Proline is an osmolyte play that an important role in
imparting salinity tolerance. Result showed that proline
content enhanced linearly with increasing level of salinity in
both the species (Table 5). Proline synthesising enzymes; -
Pyrrolline-5-carboxylate reductase, -Pyrrolline-5-
carboxylate synthetase and Ornithine- -aminotransferase
catelyzes proline synthesis and proline dedydrogenase
degradating proline synthesis in plants under salinity. The
results of the present study showed that -Pyrrolline-5-
carboxylate synthetase activity enhanced linearly with
increasing level of salinity in both the species (Fig.1).
However, the magnitude was higher in
(7.18% more than at Ec 20 dSm over
control). The enhancement in its activity with increasing
salinity level indicated its significance in imparting salt

Δ
Δ

δ

Δ

1

1

1

-1

tolerance, particularly in . The next step
in enzymatic osmolytic defence involves -Pyrrolline-5-
carboxylate reductase and Ornithine- -aminotransferase.
The -Pyrrolline-5-carboxylate reductase activity was also
reported 37% higher in than

at Ec 20 dSm over control (Fig.2).The pattern
of Ornithine- -aminotransferase activity (Fig.3) was found
similar to that of -Pyrrolline-5-carboxylate synthetase and

-Pyrrolline-5-carboxylate reductase activity with
always having higher values (6.15% higher than

at Ec 20 dSm over control).

The activity of proline dehydrogenase at control level
was 0.3346 U mg protein min . A significant decrease was
recorded in proline dehydrogenase activity with increasing
level of salinity up to Ec 20 dSm (Fig.4). Maximum decrease
in proline dehydrogenase activity was recorded at Ec 20 d
Sm (48 % less than control) in and

(34.3 % less than control) The
magnitude of decrease in proline dehydrogenase activity was
observed higher in (29% more than

at Ec 20 dSm over controls). Similar
studies were also reported by Mattioni . (1997) and
Chuan chi Lin . (2002).

Increase in proline content in plants under salt stress
due to following hypothesis: many plants accumulate far in
excess of the demand of protein synthesis. Proline catabolism
is repressed under osmotic stress, but once the stress is
withdrawn, proline is oxidized to p5c by proline
dehydrogenase, also known as proline oxidase, the first
enzyme in proline degradation pathway. p5c is then converted
back to glutamate by the enzyme p5c dehydrogenase. Thus,
both proline degradation and p5c dehydrogenase form two
important enzymes in degradation of proline to glutamate in
higher plants (Kavikishore ., 2005).

However, the increment in -Pyrrolline-5-
carboxylate reductase, -Pyrrolline-5-carboxylate
synthetase and Ornithine- -aminotransferase activity with
high magnitude in suggested the
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Table 4 :

Salinity Sodium(%) Potassium (%)

(dSm )
Root Leaves Root Leaves

Sodium and potassium content in and irrigated by different saline water

Z.r. Z.n Z.r. Z.n Z.r. Z.n Z.r. Z.n
EC 10.7 9.58 8.33 8.84 6.53 6.01 8.86 8.43
EC 11.74 11.0 9.02 9.81 5.7 5.65 8.61 7.92
EC 15.21 14.82 11.8 13.82 4.15 4.72 7.35 6.57
EC 18.17 16.57 13.54 16.27 3.36 3.87 6.78 5.41
EC 20.99 20.46 15.18 18.07 2.6 3.39 5.21 4.36
CD 0.92 0.50 0.41 0.32

Z.r.= Z.n.=

Ziziphus rotundifolia Ziziphus nummularia
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Table 5 :

Salinity Proline content (μg g f. wt. of leaf)

(dSm )

Proline content in and
irrigated by different saline water

EC 77.3 39.4
EC 97.2 50.1
EC 113 62.2
EC 129 71.2
EC 148 91.5
CD 8.2
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existance of salt tolerance mechanism, which was more
efficient than in over control.
Observations on gas exchange parameters, water status, CSI
and MSI also support this conclusion. Excess of sodium ions
is toxic to plants because of its adverse effects on potassium
nutrition, cytosolic enzyme activities, photosynthesis and
metabolism (Chakraborthy ., 2012). Controlled
intercellular ion homeostasis is essential for normal growth
and metabolism. The present result showed that
accumulation of sodium ions was higher in roots of

and in leaves of .
Potassium content also decreased significantly under salinity
in both the species. The potassium content did not offer much
in the roots of these species but was always higher in leaves of

(Table 4). Salt tolerance is associated
with low level of transport of sodium to shoots with high
selectivity for potassium over sodium. Potassium is essential
for cell expansion; osmoregulation and cellular homeostasis
(Bhatt ., 2008). The present result indicated that

accumulated sodium in roots restricted
translocation to maintain ionic balance in leaves.

Thus, from the present study it was concluded that salt
tolerance mechanism was operative in both the species, but

was better equipped for salt tolerance
owing to its better management of photosynthetic system,
membrane retentions capacity, osmolytic defense mechanism
and restricted translocation of toxic sodium to leaves.

The realization of this experiment is thanks to all our
research colleagues. All the authors whose works were
consulted are equally acknowledged.
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