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Abstract

Continuous use of poor quality of irrigation has played an imperative role in the development of soil salinization in arid
and semi-arid areas of the world. Besides the application of various physical, chemical and biological amendments,
identification and cultivation of salts tolerant species is a promising solution to ensure crops cultivation under adverse saline
condition. A lot of work has been documented so far, on reduction in growth and yield of different crops under salinity
stress. However, identification and cultivation of salinity tolerant mango cultivars (cv’s.) have not received appreciable
attention. Therefore, the current study was conducted to evaluate salinity tolerance among various mango cv’s. Eighteen
months old seedlings of 8 mango cultivars (Langra, Anwar Retaul No. 12, Sufaid Chaunsa, Anwar Retaul, Aman Dusehri,
Fajri, Samar Bahisht Chaunsa and Sindhri) grafted on desi (sucking type) mango irrigated with irrigation water under
different levels of salinity (15, 30, 45, 60, 75 and 90mM NaCl). Tap water (TW) was used as control. Results confirmed that
scion height, rootstock height, number of leaves, scion dry weight, rootstock fresh and dry weighs were significantly greater
in cv. Langra as compared to Sindhri at 15, 30, 45, 60, 75 and 90 mM NaCl. A significant improvement of 0.78, 1.12, 1.17,
1.62, 2.20, 2.14 and 2.40-fold in chlorophyll content validated the salinity tolerant competency of Langra comparative to
Sindhri at TW, 15, 30, 45, 60, 75 and 90 mM NacCl respectively. Less electrolyte leakage while significant improvement in
relative water content, stomatal conductance and transpiration rate confirmed that cv. Langra has more tolerant, while
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Sindhri is sensitive towards salinity stress.
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Introduction

Mango (Mangifera indica L.) is an important fruit
crop being grown in more than 110 countries located in
tropical and subtropical regions. Indo-Burma region is
considered the center of origin for mango cultivation
(Singh, 1976). It is now cultivated and produced on a
commercial scale in India, China, Thailand, Indonesia,
Mexico, Philippines, Pakistan, Nigeria, Guinea and
Brazil. Because of its diverse flavor, taste and shades of
color, it is rightly called as king of fruits (Anees et al.,
2011; Anon., 2013; Kumar et al., 2017).

Mango is a tropical tree, but it can endures a wide
range of temperatures. It grows well both in low (25 cm)
and high (250 cm) rainfall areas (Majumder & Sharma,
1985). Though mango has adapted to both tropical and
subtropical climatic conditions, it performs well in regions
from sea level to 600 m altitude (Laxman et al., 2016). In
India, mango has adapted to the varied climatic conditions
from the tropically south to the sub-mountainous regions of
north India (30 N) and altitudes up to 1400m (Majumder &
Sharma, 1985; Laxman et al., 2016).

In Pakistan, the area under mango cultivation is 167.5
thousand hectares with an annual production of 1,732
thousand tones being the second major fruit crop of
Pakistan after citrus. It is also ranked 4" in world
production. Pakistan contributes 7.38 % of the total
mango trade across the world (Anon., 2005). The average
yield of Pakistan is 11.20 tons/ha which is below world
average. In Pakistan, more than 110 varieties are being
planted that made Pakistan 5" largest producer of mango

in the world (Pakistan Observer, 2017). The more
common cultivars are Sindhri, Samar Bahisht Chaunsa,
Aman Dusehri, Malda, Fajri, Anwar Retaul, Langra etc.
Both in domestic and international markets, Samar
Bahisht Chaunsa and Sindhri are considered as good
varieties in term of taste and demand (Ghafoor et al.,
2010; Baloch et al., 2017). However, the adverse effects
of salinity on the physiology of mango ultimately lead to
growth suppression and poor yield (Anon., 2005).

It is documented that mango generally accumulates
2.5-3.0 times more sodium than other species in both old
and young leaves (Samra, 1985), yet it is sensitive to saline
conditions (Maas & Grattan, 1999), that results in scorched
leaf tips and margins, leaf curling, reduced growth,
abscission of leaves and death of trees (Schaffer et al.,
1994). Salt stress also affects physiological parameters, viz.
water potential, stomatal conductance and photosynthesis
in leaves (Laxman et al., 2016). Typically, growth
decreases more or less linearly as salinity increases beyond
a threshold level (Heuvelink et al., 2003). However,
information regarding salt tolerance of mango rootstocks is
still lacking, particularly in terms of salinity influence on
mango fruit yield (Ayers & Westcot, 1985; Maas &
Grattan, 1999; Mustagq et al., 2019).

The salinity level of more than 0.2% adversely
influenced the uptake of nutrients (Ahmed and Ahmed,
1997). Higher chloride ion concentration in soil caused
reduction in the nitrogen content of mango leaves than by
S04 ions (Jindal et al., 1979a; b), which might be due to
their specific effect on inhibition of NO3 absorption and
higher absorption of ammonium. The uptake of N, P, K,
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Ca, Mg, Zn and Fe were also adversely affected by
increasing levels of salinity (Schmutz & Ludders, 1994).
Saline water ranging from 0.7 to 5.7 dS m? EC also
caused reductions in N, K, Ca and Mg contents in leaves
but did not affect the contents of P and S. However, there
are some rootstocks that have potential to perform better
under saline conditions i.e. rootstock, Espada, that can
reatin higher Na and P (Silva et al., 2004).

Therefore, the current study was conducted with the
aim to find out salt tolerant cultivars of mango that can
perform well on Desi (sucking type) rootstock under
saline conditions in Pakistan.

Material and Methods

Experimental site: A pot culture experiment was conducted
in the wire-house of Faculty of Agricultural Science and
Technology Bahauddin Zakariya University, Multan.

Mango cultivar collection: Grafted plants of eight
mango cultivars i.e., Langra, Anwar Retual No. 12, Sufaid
Chaunsa, Anwar Retual, Aman Dusehri, Fijri, Samar
Bahisht Chaunsa and Sindhri were collected from Mango
Research Institute Multan. The age of grafted cultivars
was 18 months £ 5 days. All cultivars were grafted on
Desi (sucking type). Selection of grafted plants was done
manually on the basis of uniform height, scion and
rootstock diameter.

Artificial salinity development: The study includes
seven levels of salinity developed by addition of
analytical grade NaCl salt in deionized water. In each pot
one-liter of artificially developed saline water was added
after every four days according to the treatment plan.
However, in control watering was done with tap water
having EC 0.69 dS m™.

Potting medium and nutrients application: The plants
were raised in in plastic pots containing 10 kg potting
medium. The composition of potting medium was
sugarcane baggase + silt + coconut fiber in a ratio of
65:30:5 (w/w). The chemical properties of the medium
were as; pH = 7.5, EC = 2.35 dSm, Extractable P = 85
mg kg, Extractable K = 2162 mg kg, Extractable Fe
3.98 mg kg, Extractable Zn = 0.74 mg kg™, Extractable
Mn = 1.60 mg kg* and Cu = 0.13 mg kg™. To fulfil the
requirement of macro and micronutrients half-strength
Hoagland nutrient solution was applied (Hoagland &
Arnon, 1950) throughout the experiment.

Experimental design and treatments: There were seven
different levels of irrigation water salinity which included
control = tap water (TW), 15, 30, 45, 60, 75 and 90 mM
NaCl containing water applied to the plants of eight mango
cultivars. The experiment was arranged 2 factorials
completely randomized design (CRD) with 3 replicas.

Harvesting: After 120 days of treatments application,

Total chlorophyll (mg g™t FW) =

where

V = Final volume made

W = Gram of fresh leaf sample
FW = Fresh weight
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plants were harvested. Initially, plants were separated into
leaves, roots, rootstock and shoots (scion). After that
samples were washed with distilled water, blotted and
dried at room temperature. Fresh weight of scion,
rootstock, leaves and roots were noted on top balance. For
measurement of height measuring tape was used. For
diameter, Vernier calliper was used. The collected plant
samples were initially weighted on balance to determined
fresh weight. After that oven drying was done at 80°C for
72h to achieve constant weight for dry weight assessment
and further chemical analyses.

Electrolyte leakage (EL): Electrolyte leakage was
determined by using an electrical conductivity meter (CC-
501, Elmetron, and Zabrze, Poland). From the youngest
fully expanded leaf, six leaf discs were taken randomly
from whole leaves. After collection, leaf discs were
washed with distilled water three times to remove the
contaminations. Leaf discs were then taken in a test tube
having 10 ml of distilled water. At room temperature
samples were incubated for 24 h on a shaker. After the
incubation, the first electrical conductivity (EC1) of the
solution was measured. The same samples were autoclave
for 20 min at 120°C and second electrical conductivity
(EC2) was taken after cooling the solution at room
temperature. By using the equation of Lutts et al., (1995)
electrolyte leakage was calculated:

EC2 — EC1

Electrolyte leakage (%) = e X 100

Relative water content (RWC) of leaves: From the
youngest fully-expanded leaf, 3 to 5 leaf discs of 1 cm
diameter were cut using the leaf punch. Then weighed the
leaf discs and washed 3 times with distilled water to
remove the contaminants and placed into a 10 ml conical
flask. Leaf discs were sink in 10 ml distilled water at 4 °C
for 40 h in dark. Turgid mass of the leaf discs was recorded
and samples were dried in an oven at 80 °C until permanent
dry mass was achieved (Almeselmani et al., 2011). The
following formula was used to estimate RWC of leaves.

FM — DM

RWCO0) = —am —owy

x 100

where, FM is fresh mass, DM is dry mass and TM is
turgid mass.

Chlorophyll content: Total chlorophyll content was
determined according to Arnon (1949). Initially, 0.5g of
leaf discs were crushed in 80% solution. After filtration,
the desired volume of 20 ml was made with acetone.
Finally, absorbance was taken at 645 and 663nm for
calculation of total chlorophyll.

(20.2 x OD645) + (8.02 X OD 663)V

1000 (W)

Gas-exchange parameters: For 3 min using a portable
photosynthetic system (LI-6200, LI-COR Inc., Lincoln,
NE, USA) the transpiration rate, internal CO, net
photosynthetic rate and stomatal conductance were
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measured from 9:00-11:00 am. A top fully expanded leaf
was taken and put into the leaf chamber and observations
were recorded when atmospheric CO concentration and
RH reached a stable value.

Statistical analysis: Statistical analysis was performed
following standard statistical procedure (Steel et al.,
1997). Two factorial ANOVA was applied to examine the
significance of treatments. For comparison, Tukey's test
was applied at p<0.05.

Results

Both main and interactive effects of mango cultivars
and various levels of soil salinity differed significantly for
scion and rootstock height. For scion height (Fig. 1),
Langra performed significantly better comparative to all
other cultivars at control (Tap water). However, at 15 and
30 mM NaCl Langra and Aman Dusehri remained
statistically alike to each other but differed significantly
as compared to Sindhri. However, Langra remained
significantly better at 45, 60 and 70 mM NaCl as
compared to Sindhri. However, all the cultivars remained
statistically alike to each other at 90 mM NacCl level for
scion height. The maximum increase of 109, 71.4, 72.9,
90.7, 76.0 and 67.6% in scion height of Langra was noted
comparative to Sindhri at TW, 15, 30, 45, 60 and 75 mM
NaCl respectively. For rootstock height (Fig. 2), Langra.
Sufaid Chaunsa, Anwar Retual, Fajri and Samar Bahisht
Chaunsa remained statistically alike to each other but
differed significantly comparative to Sindhri. At 15 and
30 mM NaCl, all the mango -cultivars remained
significantly better except Anwar Retaul No. 12 as
compared to Sindhri for rootstock height. However, at 45
mM NaCl all the mango cultivars differed significantly
better except Anwar Retaul No. 12 and Fajri as compared
to Sindhri for rootstock height. It was noted that Langra
and Samar Bahisht Chaunsa performed significantly
better comparative to Fajri and Sindhri for rootstock
height. However, Langra remained significantly best at 75
and 90 mM NacCl for rootstock height as compared to
Sindhri. Maximum increase of 49.5, 43.7, 52.4, 53.1,
46.9, 87.3 and 92.6% in rootstock height of Langra was
noted comparative to Sindhri at TW, 15, 30, 45, 60, 75
and 90 mM NacCl respectively.

Both main and interactive effects of mango cultivars
and various levels of soil salinity differed significantly for
scion and rootstock diameter. For scion diameter (Fig. 3),
no significant difference was observed among cultivars
when irrigated with tap water. At 15 mM NaCl, Langra,
Anwar Retaul No. 12, Sufaid Chaunsa and Anwar Retaul
remained statistically alike to each other but differed
significantly from Sindhri for scion diameter. Both Langra
and Sufaid Chaunsa remained significantly best
comparative to Sindhri for scion diameter at 30 mM NaCl
salinity level. However, at 45, 60 and 70 mM NaCl salinity
levels, Langra differed significantly from Sindhri. It was
observed that all the cultivars remained statistically alike to
each other at 90 mM NacCl salinity level for scion diameter.
Maximum increase of 53.0, 68.2, 68.2, 75.0 and 78.9% in
scion diameter of Langra was noted comparative to Sindhri
at 15, 30, 45, 60 and 75 mM NaCl salinity levels
respectively. For rootstock diameter (Fig. 4), no significant
difference was observed among the cultivars when irrigated
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with tap water and salinity levels 75 and 90 mM NaCl. It
was observed that Langra performed significantly better
comparative to Sindhri at salinity levels 15, 30 and 45 mM.
At 60 mM NaCl, Langra and Sufaid Chaunsa both
remained statistically alike to each other but differed
significantly as compared to Sindhri. The maximum
increase of 73.3, 78.6, 127.3 and 109.1% in rootstock
diameter of Langra was noted comparative to Sindhri at 15,
30, 45 and 60 mM NaCl salinity levels respectively.

Both main and interactive effects of mango cultivars
and various levels of soil salinity were found statistically
significant for scion and rootstock fresh weighs (Table 1).
For scion fresh weight, Langra and Sufaid Chaunsa
performed significantly better comparative to all other
mango cultivars when irrigated with tap water. At 15 mM
NaCl salinity level, Langra performed significantly better
comparative to all other mango cultivars for scion fresh
weight. Langra, Sufaid Chaunsa and Fajri did not differ
significantly for scion fresh weight but they differed
significantly from all other mango cultivars at 30 mM
NaCl salinity level. Langra, Anwar Retaul No. 12, Samar
Bahisht Chaunsa and Anwar Retaul remained statistically
alike to each other but only Langra and Anwar Retaul No.
12 performed significantly better comparative to Aman
Dusehri and Sindhri for fresh weight of scion. No
significant change was observed in scion fresh weight of
different mango cultivars at 60, 75 and 90 mM NaCl
salinity levels. Maximum increase of 47, 195, 161 and
285% in fresh weight of scion of Langra was noted
comparative to Sindhri when irrigated with tape water,
salinity levels 15, 30 and 45 mM NaCl respectively. For
rootstock fresh weight, no significant change was noted
among all the mango cultivars when irrigated with tap
water and salinity level 15 mM NaCl. However, all the
cultivars remained statistically similar to each other but
performed significantly better comparative to Sindhri for
rootstock fresh weight at salinity levels 30, 45 and 60 mM
NaCl. At salinity levels of 75 and 90 mM NaCl, the
performance of Langra remained significantly better for
fresh weight of rootstock comparative to Sindhri. The
maximum increase of 47, 80, 85, 81 and 174% in fresh
weight of rootstock was noted comparative to Sindhri at
salinity levels of 30, 45, 60, 75 and 90 mM NaCl
respectively.

Both main and interactive effects of cultivars and
salinity levels were statistically significant for leaves and
roots fresh weight (Table 2). Langra performed
significantly better comparative to all other cultivars
when irrigated with tap water for leaves fresh weight.
Langra, Anwar Retaul No. 12, Sufaid Chaunsa, Retaul,
Aman Dusehri, Fajri and Samar Bahisht Chaunsa
performed significantly better comparative to Sindhri at
15 mM NacCl salinity level for leaves fresh weight. Both
Langra and Aman Dusehri remained statistically alike to
each other but performed significantly better comparative
to all other cultivars for leaves fresh weight at salinity
level 30 mM NaCl. Langra at salinity level 45 and 60 mM
NaCl remained significantly better comparative to Sindhri
for leaves fresh weight. However, all the -cultivars
remained statistically alike to each other at salinity levels
of 75 and 90 mM for leaves fresh weight. The maximum
increase of 45, 44, 234, 234 and 227% in fresh weight of
leaves was noted in Langra comparative to Sindhri when
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irrigated with tap water and salinity levels 15, 30, 45 and
60 mM NaCl respectively. In case of roots fresh weight,
no significant change was noted among various cultivars
of mango irrigated with tap water and salinity levels 15,
30, 45, 60, 75 and 90 mM NaCl. On an average, Langra
remained significantly better comparative to all the
cultivars for roots fresh weight. However, roots fresh
weight remained statistically alike when plants were
irrigated with tap water and 15 mM NaCl salinity levels
but differed significantly better as compared to salinity
levels 45, 60, 75 and 90 mM NacCl in different mango
cultivars. The results showed that the maximum increase
of 52.2% in root fresh weight was noted in Langra
comparative to Sindhri while tap water irrigated plants
showed the maximum increase of 105% in root fresh
weight comparative to salinity levels 90 mM NacCl.

Both main and interactive effects of cultivars and
salinity levels were significant for scion and rootstock dry
weighs (Table 3). For scion dry weight, Langra and
Anwar Retaul performed significantly better comparative
to Sindhri when irrigated with tap water. Langra and
Anwar Retaul at salinity levels 15 and 30 mM NaCl
performed significantly better as compared to Sindhri.
The dry weight of Fajri and Samar Bahisht Chaunsa scion
was also significantly greater comparative to Sindhri at
salinity levels 30 mM NacCl. It was also noted that Langra,
Anwar Retaul and Fajri performed significantly better as
compared to Sindhri at salinity level 45 mM NaCl. At
salinity levels of 60, 75 and 90 mM NaCl, Langra
performed significantly better comparative to Sindhri.
However, Anwar Retaul No. 12, Anwar Retaul and Fajri
at salinity levels 60, 75 and 90 mM NaCl also performed
significantly better comparative to Sindhri. Maximum
increase of 0.52, 0.68, 1.12, 2.34, 3.51, 4.70 and 6.0-fold
in scion dry weight was noted in Langra as compared to
Sindhri when applied tap water and salinity levels of 15,
30, 45, 60, 75 and 90 mM NacCl respectively. In case of
rootstock dry weight, Langra, Sufaid Chaunsa, Aman
Dusehri and Fajri  remained significantly better
comparative to Sindhri at TW. Among all the mango
cultivars, Langra and Sufaid Chaunsa performed
significantly better from Anwar Retaul No. 12, Fajri,
Samar Bahisht Chaunsa and Sindhri at salinity level 15
mM NaCl. Langra and Sufaid Chaunsa performed
significantly better comparative to Anwar Retaul No. 12,
Aman Dusehri and Sindhri at salinity level 30 mM NacCl.
Langra, Sufaid Chaunsa, Anwar Retaul and Fajri
remained statistically similar to each other but differed
significantly from Anwar Retaul No. 12 and Sindhri at
salinity level 45 mM NaCl. However, at salinity level of
60 mM NaCl Langra, Sufaid Chaunsa and Anwar Retaul
performed significantly better comparative to Anwar
Retaul No. 12, Aman Dusehri and Sindhri for rootstock
dry weight. It was also noted that performance of Langra
cultivar remained significantly better comparative to all
other cultivars at salinity levels 75 and 90 mM NacCl for
rootstock dry weight. The maximum increase of 0.52,
0.47, 0.83, 0.69, 1.25, 7.16 and 6.82-fold in rootstock dry
weight was noted comparative to Sindhri when Langra
was irrigated with tape water and salinity levels 15, 30,
45, 60, 75 and 90 mM NaCl respectively.
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Both main and interactive effects of cultivars and
salinity levels were found statistically significant for leaves
and roots dry weight (Table 4). Langra, Anwar Retaul No.
12, Anwar Retaul, Aman Dusehri, Fajri and Samar Bahisht
Chaunsa performed significantly better from Sindhri when
irrigated with tap water for leaves dry weight. Langra and
Fajri performed significantly better from Sufaid Chaunsa,
Anwar Retaul, Aman Dusehri, Samar Bahisht Chaunsa and
Sindhri at salinity levels 15, 30 and 45 mM NacCl for leaves
dry weight. Langra performed significantly better from all
other cultivars for leaves dry weight at salinity levels 60, 75
and 90 mM NaCl. The maximum increase of 0.57, 1.04,
1.86, 1.99, 2.98, 3.39 and 5.87-fold in dry weight of leaves
was noted in Langra comparative to Sindhri when irrigated
with tap water and various levels of salinity 15, 30, 45, 60,
75 and 90 mM NaCl respectively. In case of roots dry
weight, Langra, Anwar Retaul, Aman Dusehri and Fajri
performed significantly better from Anwar Retaul No. 12,
Samar Bahisht Chaunsa and Sindhri when irrigated with
tap water. Langra, Sufaid Chaunsa, Aman Dusehri and
Fajri performed significantly better from Anwar Retaul No.
12, Anwar Retaul, Samar Bahisht Chaunsa and Sindhri at
salinity level 15 mM NacCl for roots dry weight. However,
at salinity levels 30, 45, 60, 75 and 90 mM NaCl Langra
performed significantly better from Sindhri roots dry
weight. Maximum increase of 63.1, 56.0, 83.5, 95.0, 93.2
and 128.1% in dry weight of roots was noted in Langra as
compared to Sindhri when irrigated with tap water and
salinity levels 15, 30, 45, 60 and 75 mM NaCl respectively.

Both main and interactive effects of cultivars and
salinity levels were found statistically significant for
number of leaves (Fig. 5) and total chlorophyll content
(Fig. 6). Langra, Sufaid Chaunsa, Anwar Retaul No. 12,
Fajri and Samar Bahisht Chaunsa were statistically similar
to each other but remained significantly different from
Sindhri when irrigated with tap water for number of leaves.
At salinity level 15 mM, Langra, Anwar Retaul, Aman
Dusehri and Samar Bahisht Chaunsa performed
significantly better from Fajri and Sindhri for number of
leaves. However, Langra performed significantly better as
compared to Sindhri for number of leaves at salinity levels
30, 45, 60, 75 and 90 mM NaCl. Maximum increase of
26.7, 18.5, 16.2, 13.5, 10.5, 7.50 and 5.27% in number of
leaves was noted as compared to Sindhri where Langra was
cultivated with tap water irrigation and salinity levels 15,
30, 45, 60, 75 and 90 mM NaCl respectively. In case of
total chlorophyll content, Langra, Anwar Retaul No. 12 and
Sufaid Chaunsa performed significantly better as compared
to Samar Bahisht Chaunsa and Sindhri when irrigated with
tap water. It was observed that Langra and Anwar Retaul
No. 12 performed significantly better from Sindhri at
salinity levels 15, 30, 45, 60, 75 and 90 mM NacCl for total
chlorophyll content. Sufaid Chaunsa, Anwar Retaul, Aman
Dusehri, Fajri and Samar Bahisht Chaunsa also performed
significantly better from Sindhri for total chlorophyll
content at salinity levels 15, 30, 45, 60, 75 and 90 mM
NaCl. Maximum increase of 0.78, 1.12, 1.17, 1.62, 2.20,
2.14 and 2.40-fold in total chlorophyll content was noted in
Langra as compared to Sindhri when irrigated with tap
water and salinity levels 15, 30, 45, 60, 75 and 90 mM
NaCl respectively.
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Fia. 2. Effect of various levels of NaCl induced artificial salinity stress on rootstock height in different manao cultivars.
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Both main and interactive effects of cultivars and
salinity levels were found statistically significant for
electrolyte leakage (ELL) (Fig. 7) and relative water
content (RWC) (Fig. 8). It was observed that electrolyte
leakage was significantly greater in Fajri, Samar Bahisht
Chaunsa and Sindhri as compared to Langra, Anwar
Retaul No. 12 and Sufaid Chaunsa where irrigation was
done with tap water. The increasing level of salinity (15
to 90 mM NacCl) also enhanced ELL in all the cultivars.
However, at all salinity levels ELL was significantly
greater in Sindhri from Langra. A significant reduction of
50.5, 43.6, 34.8, 23.3, 33.1, 25.3 and 33.7% in ELL was
noted in Langra as compared to Sindhri where irrigation
was done with tap water and salinity levels 15, 30, 45, 60,
75 and 90 mM NaCl respectively. In case of RWC, all the
cultivars remained statistically similar to each other where
irrigation was done with tap water. For RWC at salinity
levels 15, 30, 45, 60, 75 and 90 mM NaCl Langra, Anwar
Retaul No. 12, Sufaid Chaunsa, Anwar Retaul and Aman
Dusehri performed significantly better from Fajri and
Sindhri. Both Fajri and Sindhri remained statistically alike
to each other at salinity levels 15, 30, 45, 60, 75 and 90
mM NaCl for RWC. Maximum increase of 72.3, 120.9,
143.3, 143.5, 172.3 and 176.9% in RWC was noted in
Langra as compared to Sindhri at salinity levels 15, 30,
45, 60, 75 and 90 mM NaCl respectively.

Both main and interactive effects of cultivars and
salinity levels were found statistically significant for
photosynthetic rate (Fig. 9), stomatal conductance (Fig.
10) and transpiration rate (Fig. 11). For photosynthetic
and transpiration rate, Langra performed significantly
better as compared to all other cultivars where irrigation
was done with tap water. However, for stomatal
conductance Langra and Anwar Retaul No. 12 performed
significantly better from Sufaid Chaunsa, Anwar Retaul,
Aman Dusehri, Fajri, Samar Bahisht Chaunsa and Sindhri
when irrigated with tap water TW. Increasing level of
salinity decreases photosynthetic, transpiration rate and
stomatal conductance in all mango cultivars. However,
for photosynthetic rate, Langra performed significantly
better from Sindhri at salinity levels 15, 30, 45, 60 and 75
mM NaCl. However, all cultivars remained statistically
alike to each other at salinity levels 60, 75 and 90 mM
NaCl for transpiration rate and stomatal conductance.
Maximum increase of 1.36, 1.29, 0.51 and 3.92-fold in
photosynthetic rate, 4.02, 4.61, 3.59, 4.60, 5.26, 2.53 and
1.94-fold in transpiration rate and 0.51, 3.92, 3.59 and
4.60-fold in stomatal conductance was noted in Langra as
compared to Sindhri when irrigated with tap water, 15, 30
and 45 mM NacCl respectively.

Discussion

Results of the current experiment showed that
increasing concentrations of NaCl in irrigation water
significantly decreased the growth attributes of mango
cultivars, might be due to stress generated by a higher
concentration of soluble salts in potting media. Our
findings are in agreement to those obtained by Ahmed &
Ahmed (1997) in mango, Ferreira & Lima-Costa (2006)
and Jyothi and Raijadhav (2004) in citrus. According to
Grattan and Grieve (1992), it is nutritional imbalance that
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resulted in high ratios of Na*/Ca*2, Na*/Mg*?, CI/NO3" and
CI'/H,PO4 that played an imperative role in the reduction
of plant height. Ebert (2000) argued that chlorides and
sulphates of the Ca*?, Mg*? and Na*' induced osmotic
stress and toxicity in plants under saline condition.
According to Munns (1993), higher sensitivity of plants
towards salinity is due to the imbalance of ions in the
xylem transport system that stimulates shoot system for
osmotic adjustment to reduce turgor loss (Shalhevet et al.,
1995). Results of the current study also showed that Sindhri
which was more susceptible towards salinity stress showed
a low number of leaves survival comparative to Langra.
Munns (1993) also observed that a higher concentration of
salt in plants induced a premature senescence of old leaves
that hampered the supply of assimilates in growing regions.
Accumulation of salts in sensitive cultivar beyond
threshold level leads towards scorching of leaves and
ultimately death of plant (Munns & James, 2003). It was
observed that increasing level of salinity significantly
decreased gas exchange attributes i.e. photosynthetic rate,
transpiration rate and stomatal conductance in mango
cultivars. Cheeseman & Lovelock (2004) suggested that
due to reduction in water potential under saline conditions
developed a water stress that resulted in stomata closure
(low stomatal conductance). Low water availability
inactivates RUBPCO that play an imperative role in the
regeneration of RuBP. The reduction in the regeneration of
RuBP ultimately decreased photosynthetic rate in plants
under higher level of salinity stress (Suérez & Sobrado,
2000). Results of the current study showed a significantly
higher RWC in Langra and low in Sindhri that validated
the potential of Langra to grow under salinity stress.
Similar kind of results had been documented by many
researchers where low RWC depicts low potential of plants
to survive under stress (Parida & Das, 2005). A significant
increase in ELL of stressed plants was might be due to
reduction in molar percentages of phospholipids and sterols
in membrane under higher salts concentration (Wu et al.,
1998) and sodium-induced nutrients imbalance in the
membrane (Greenway & Munns, 1980).

Conclusion

It is concluded that Langra has potential to survive
under the variable level of soil salinity thus, is a
comparatively salinity tolerant mango cultivar. However,
Sindhri has the minimum potential to survive under
salinity stress that made it a salt-sensitive mango cultivar.
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