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To fix up the physio-chemical bases of tolerance in
polyembryonic mango rootstock under salt stress
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Abstract

Polyembryonic mango (Mangifera indica L.) rootstocks, ‘Kurukkan’ and ‘Olour’ were irrigated with tap
water containing 0, 50 and 100 mM NaCl at four days interval for 40 days. NaCl stress reduced net
photosynthetic rate (Pn), stomatal conductance (Cs), trehalose and phenol content in both rootstocks.
However, increased the activities of peroxidase (POX), catalase (CAT), superoxide dismutase (SOD),
membrane injury index (MII), proline content, total soluble sugar content, in plant tissues compared to
what occurred in plants in the absence of NaCl. Salt tolerance mechanism in ‘Olour’ may be due to
higher POX and CAT activities, higher proline and phenol content, lower MII and lower leaf abscission
and also higher root CI- content in plant tissues while ‘Kurukkan’ could tolerate high NaCl concentration
by maintaining higher net photosynthetic rate and stomatal conductance, higher SOD activity, higher
sugar and trehalose content, higher accumulation of root Na* in plants. Hence, based on the results it
could be said that salt tolerant mechanism occur in both the rootstocks.

Keywords: Catalase, proline, peroxidase, superoxide dismutase

1. Introduction

Mango (Mangifera indica L.) is the most common and important fruit of India and is called as
“King of fruits” not just for its super flashy yellow color and taste, but also for the array of
health benefits it offers. India stands on top position among mango’s growing countries and
produces 40.48% of the total world mango production (FAO, 2010) 3, It has been well
known that mango fruits are an important source of micronutrients, vitamins and other
phytochemicals. Moreover, mango fruits provide energy, dietary fibre, carbohydrates, proteins,
fats and phenolic compounds (Tharanathan et al. 2006) 34, which are vital to growth,
development and health of humans. Each part of a mango tree, such as its leaves, flowers,
bark, fruit, pulp, peel and seeds contains essential nutrients that can be utilized.

It is a matter of concern that the productivity of mango orchards in India is low compared to
other countries. There are several factors are responsible for the poor productivity of mango
orchards, amongst, soil and water salinity are playing key roles. In India, the area affected by
salinity is around 6.75 million hectare (CSSRI, 2016) [ and these areas are suffering with very
poor productivity of mango may be due to the sensitivity of this crop to salinity and excess of
chloride (Zuazo et al. 2003) 81, Srivastava et al. (2010) % reported that plants of the mango
rootstock ‘Olour’ showed higher activities of SOD, CAT, and POX when treated with salt than
non-salt-treated plants. Sodium ions may be toxic and often induce cellular damage which
affects plant growth and development and are not essential for plant growth also (Zhu, 2007)
71, Hafez et al. (2011) 8 reported that the leaves of Sukkary’ and ‘Zebda’ mango rootstocks
showed increased Na* ion concentrations as the plants aged under saline irrigation water. High
salinity was more.

Abbreviation: Pn, net photosynthetic rate; Cs, stomatal conductance; POX, peroxidase; CAT,
catalase; SOD, superoxide dismutase; MIl, membrane injury index; mM, mili mole.

Effective than low salinity in this respect. Na* ion concentrations in the leaves of ‘Zebda’
rootstock were higher than in ‘Sukkary’ mango rootstocks. Pandey et al. (2014a) 2 reported
that under high salinity-stress seedlings of the mango rootstocks exhibited higher antioxidant
enzyme activities, more lipid peroxidation, and higher proline concentrations. Mango plants
under NaCl treatment showed poor vegetative growth and seedling mortality (Dubey et al.

2006; Srivastavaz et al. 2009) 4, high defoliation (Pandey et al. 2014b; Dubey et al. 2006) "
11]
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Salinity treatment increased the Na* and CI ion
concentrations in both leaves and roots of polyembroynic
mango seedlings (Kishor et al. 2009; Pandey et al. 2014a) °
28 Seedlings of polyembryonic mango genotypes 'Kurukkan'
and 'Olour' showed more tolerant than 'Kerala 1' and 'Kerala
2' under various levels of NaCl treatment (Dubey et al. 2006)
[

Soil salinity is one of the most important abiotic stresses,
while, the mechanism (s) of salt-tolerance are complex and
include osmotic adjustments through the accumulation of
compatible solutes, lowering the concentrations of toxic ions
in the cytoplasm by restricting the influx of Na* ions, ion
sequestration in the vacuoles, Na* ion extrusion, and
scavenging of ROS (Mittler, 2002) 23],

With the above investigation in relation to polyembrynic
(mango stone contain more than one embryo including the
zygotic and nucellar embryos) rootstocks of mango, it may
appear that these rootstocks have more salt tolerant behavior.
And that’s why polyembrynic rootstocks had been taken in
this study. At present the traditional approach of using the
salts out of the system is increasingly becoming impractical
and enhanced adaptation to live with the salts has emerged as
the new paradigm. Therefore, in the present study, emphasis
had given to find out the rootstock which have more tolerance
and fix the basis. Here, physiological and biochemical
changes and the uptake of salt ions were studied.

2. Materials and Methods

2.1 Plant Material

Mature fruits of ‘Olour’ and ‘Kurukkan’ polyembryonic
mango genotypes were harvested. And after ripening, stones
of the fruit were taking out from the pulp and washed
thoroughly with running tap water and sown in the nursery
beds immediately in July 2011. The seedlings were allowed to
grow until 15" January 2012. In February 2012, uniform
seedlings (n = 40 per genotype) were selected on the basis of
vigour, leaf size and leaf shape and then transplanted in
plastic pots (30 cm diameter), containing 8.0 kg of a 1:1:1
(w/w) mixture of loamy soil, sand and well-rotted farm yard
manure (FYM). The mixture used in pots had EC (1. of 0.13
dS m?, a pH @ of 7.10, a cation exchange capacity (CEC)
10.71 cmol kg, and organic carbon 0.46%. All seedlings
were irrigated by normal tap water (EC = 0.10 dS m™), and
after establishment they were fertilised with 30 g of a mixture
consisting of 1:1:1 (w/w/w) urea, single super phosphate, and
potassium sulphate and allowed to grow for 30 days until the
start of the NaCl treatments. Seedlings were raised under day-
time temperatures of 24° -33 °C, night-time temperatures of
14°-21 °C, and a relative humidity (RH) of 65-92%, under
natural light conditions with a 58 h photoperiod and an
altitude of 228.61 m above mean sea level. The experiment
was conducted at experimental farm of Fruits and
Horticultural Technology, IARI, New Delhi.

2.2 Salt Treatments

A pot experiment was conducted by applying three levels of
NaCl [0.0 mM NaCl (the tap water control), 50 or 100 mM
NaCl] to two different mango rootstock genotypes (‘Olour’,
‘Kurukkan’) at 4 days intervals for 40 days. The quantity of
NaCl applied was calculated on the basis of the calibration
graph developed by Dubey et al. (2006) ' to achieve a soil
salinity value of approximately 4.0 dS m™. The level of

salinity was selected to reflect the occurrence of saline soil in
fruit-growing areas.

The seedlings (n = 10 per treatment per genotype) were then
irrigated with 50 or 100mM NaCl, while control plants (n =
10 per genotype) were irrigated with tap water (EC = 0.10 dS
m-1) at 4 days intervals for 40 days by considering the loss of
moisture from each pot calculated by directly weighing each
the pot.

2.3 Physiological Parameters

Rate of photosynthesis and stomatal conductance was
measured on leaf using portable Infrared Gas Analyzer (IRGA
LI-COR 6400 Model). The photosynthetic rate was
determined in the upper most fully expanded leaf between 10
am and 11.30 am by providing artificial light source of light
intensity 1000 CO, pmol m2S1, The net photosynthetic rate
was expressed as umoles CO, m? st,

The membrane injury index of leaf was examined by using
the method described by Deshmukh et al. (1991) [,
Accurately weighed 0.5 g of freshly sampled leaf material and
immersed in a test tube containing 10 ml of double distilled
water. These tubes were incubated at 45 °C for 30 minutes in
a hot water bath. Thereafter, electrical conductivity of the
incubated solution (C;) was measured with the help of a
conductivity meter (Systronics India Ltd., Mumbai, India).
These tubes were then incubated in hot water bath (100 °C)
for a period of 10 minutes. The incubated solution was cooled
down to the room temperature and electrical conductivity (C,)
was measured. The membrane injury index of leaf was
calculated according to the following formula:

MII = (C4/C,) x 100

2.4 Biochemical Parameters

2.4.1 Trehalose Estimation

Trehalose concentrations were estimated according to the
method of Brin (1966) B! and Ferreira et al. (1997) [,
Trehalose was extracted from 10 mg dry weight of each leaf
samples with 2.0 ml of 0.5 M trichloroacetic acid, at 0 °C for
20 minutes. After that the mixture was centri fused at 5000 x
g and the supernatant was collected. For estimation of
trehalose, 0.3 ml of extracted solution was mixed with 3.0 ml
of anthrone reagent keeping the tube in ice. After that, the
tubes were heated at 100 °C for 10 minutes in water bath and
then the tubes were quickly transferred to dark for 20 minutes.
The absorbance of solution was taken at 620 nm on UV-VIS
double beam PC 8 scanning Auto cell spectrophotometer,
UVD 3200 (Labomed, INC, USA) and the values of trehalose
content were estimated using known standards.

2.4.2 Total Soluble Sugars estimation (TSS)

Fresh leaf sample was boiled and the supernatant decanted
into a beaker. The extraction was repeated four times (three
times with 20 ml of 80% (v/v) ethanol in water and finally
with 20 ml of distillated water) by boiling the sample for 4-5
min and decanting the supernatant. For clarification, 50 ml
aliquot of the sugar extract was evaporated in a water bath.
Subsequently, the sample was treated with 1 ml saturated
solution of lead acetate to precipitate the colloidal substances.
It was then filtered into a 50 ml volumetric flask and made up
to the volume. An aliquot of this solution was used for
determining the total sugar by athrone reagent method
(Sadasivam and Manickam 1992) 291,
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2.4.3 Antioxidant enzymes activity

2.4.3.1 Preparation of crude enzyme extract

Fresh leaf samples (n = 10 leaves) were collected from each
of the ten plants of each genotype in each NaCl treatment
after 30 days, placed in an ice box and washed immediately
with tap water, followed by distilled water. A 1.0 g leaf
sample from each plant was weighed and homogenized in a
pre-chilled mortar and pestle by adding 5 ml of pre-chilled 50
mM phosphate buffer, pH 7.0. Each homogenate was placed
in a centrifuge tube and centrifuged at 15,000 x g for 20 min
at 4 °C. The supernatant was sieved through two layers of
muslin and stored in a refrigerator. This was used as the crude
enzyme extract with which to measure three key antioxidant
enzyme activities.

2.4.3.2 Superoxide dismutase (SOD)

The activity of superoxide dismutase in fresh leaf sample was
determined according to Fridovich (1975) 1%, The assay is
based on the ability of SOD to inhibit the photochemical
reduction of nitro blue tetrazolium (NBT). The reaction
mixture was prepared in tubes consisting of 0.2 ml of 200 mM
methionine, 0.2 ml of 1.5 mM EDTA, 0.2 ml of 1.125 mM
NBT, 0.2 ml off 75 mM ribloflavin, 0-10 pl of enzyme extract
and phosphate buffer (50 mM; pH 7.8) to make the final
volume of the reaction mixture to 3 ml. Rivoflavin was added
as the last component and the tubes were shaken well. The
reaction was started for a specified time of 15 minutes by
keeping the tubes 30 cm below a light bank consisting of two
15 Watt fluorescent lamps. After 15 minutes light was
switched off and the tubes were immediately covered with a
black cloth in order to stop the reaction and absorbance of the
mixture was then read at 560 nm wavelength on UV-VIS
double beam PC 8 scanning Auto cell spectrophotometer,
UVD 3200 (Labomed, INC, USA). A complete reaction
mixture containing O pl of enzyme extract, developing
maximum colour served as a control. A non-irradiated
complete reaction mixture with no colour development served
as blank.

2.4.3.3 Catalase

The method suggested by Luck (1975) 2 was followed to
estimate the catalase activity in the fresh leaf sample. The
assay was based on the estimation of residual hydrogen
peroxide (H.O.) by oxidation with potassium permanganate
(KMnQOya) by titration. The reaction mixture was prepared in
tubes by adding 3 ml of phosphate buffer (0.1M; pH 7.0), 2
ml of 5.0 mM H;0; and 1.0 ml of crude enzyme extract. The
reaction mixture was incubated for exactly 1 minute at 20°C
followed by addition of 10 ml of 0.35 M H,SO;, in order to
stop the reaction. A blank was prepared by adding enzyme
extract to an acidified solution of reaction mixture at zero
time. The residual H,O, was estimated by titrating the
reaction mixture against KMnO,4 (0.01M) till the appearance
of faint pink colour persisting atleast for 15 seconds. The
catalase activity was expressed as U moles H,O2 hydrolyzed
mintmg? protein.

2.4.3.4 Peroxidase

The activity of peroxidase in fresh leaf sample was
determined using method proposed by Thomas et al. (1981)
[%%1, The assay utilizes guiacol as the enzyme substrate. The
reaction mixture was prepared in tubes by adding 3 ml of
phosphate buffer (0.1 M; pH 7.0), 30 ul of H202 (20 mM), 50
pl of guiacol (20 mM) as enzyme substrate and 50 pl of crude
enzyme extract. The reaction mixture was incubated in

cuvette for exactly 10 minute at 20 °C temperature. The
absorbance was read at 436 nm wavelength on UV-VIS
double beam PC 8 scanning Auto cell spectrophotometer,
UVD 3200 (Labomed, INC, USA). The increase in
absorbance was recorded at 30 second intervals till the
constant reading was obtained. POX activity was expressed in
Auzs unit mint gt leaf fresh weight (FW).

2.4.4 Proline

The proline content in fresh leaves of each treatment was
estimated by rapid colorimetric method as suggested by Bates
et al. (1973) Bl Each fresh leaf sample (0.5 g) was
homogenized in 5.0 ml of 3% (w/v) sulpho-salicylic acid in
pre-chilled mortar and pestle. Then, it was centrifuged at
10,000 x g for 10 minutes at 4 °C. The supernatant was
diluted to 10 ml with double-distilled water and from it 0.1 ml
was taken in test tube and made up to 1.0 ml volume with
double-distilled water. This was mixed with 5 ml of acid
ninhydrin reagent and 5 ml of glacial acetic acid for one hour
at 100 °C in hot water bath. Thereafter, the reaction was
terminated by keeping the solution on ice bath. Then, 4 ml
toluene was added and mixed vigorously with the help of a
vortex stirrer for 20-30 seconds. The chromophore containing
toluene layer (light pink) was aspirated from the aqueous
phase, warmed to room temperature and then absorbance was
read at 520 nm on UV-VIS double beam PC 8 scanning Auto
cell spectrophotometer, UVD 3200 (Labomed, INC, USA)
using pure toluene as a blank. The proline concentration in the
samples was determined from a standard curve prepared by
using analytical grade proline (SRL, Chem Co. Mumbai)

2.4.5 Total phenols

Total phenols in fresh leaves were quantified according to
Malik and Singh (1980) 4. One gram fresh leaf sample of
each treatment were homogenized in mortar and pestle after
adding 80% ethanol (v/v). Then, it was centrifuged at 10,000
x g for 20 minutes and the supernatant was filtered using
Whatman No. 42 filter paper. The residue was extracted five
times with 80% ethanol. The collected supernatants were
evaporated to dryness in a water bath (68 °C). Residues were
dissolved in 10 ml of distilled water. Out of which 0.1 ml was
taken and total volume was made up to 3.0 ml with double-
distilled water. Then freshly prepared 0.5 ml Folin-Ciocalteau
reagent was added. After 3 minutes, 2 ml of 20% sodium
carbonate (Na:COs;) was added in each tube, mixed
thoroughly and placed on a hot water bath (58 °C) exactly for
1 minute. Then it was cooled to room temperature and
absorbance was measured against blank at 750 nm using UV-
VIS double beam PC 8 scanning Auto cell spectrophotometer,
UVD 3200 (Labomed, INC, USA).

2.5 Tissue ions analysis

The Na* ion content in leaves and roots were estimated using
tissue samples digested with a 9:4 (v/v) mix of HNO3:HCIO4
and a microprocessor based flame photometer (Flame
Photometer-128; Systronics, New Delhi, India) through the
method of Jackson (1980). CI- ion content in mango leaves
and roots were measured using mercuric (I1) thiocyanate, as
suggested by Adriano and Doner (1982) [1. The extraction of
ClI- ions from leaves and roots used a 1:100 (w/v) mix of 0.1
M sodium nitrate (Gaines et al. 1984) [26],

2.6 Statistical Analysis
The experiment was conducted in Factorial Complete
Randomized Design (FCRD) with five replications. Each
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replication consisted of two plants. Data were submitted to
analysis of variance (ANOVA) with SPSS 16.0 package
(SPSS, Chicago, IL, USA). Treatment mean differences were
separated by the least significant difference (LSDos) test if F
tests were significant (P<0.05) using Duncan’s multiple range
test (DMRT).

3. Results

3.1 Physiological Parameters

For membrane injury index (MI1), salinity differs significantly
(Fig.1). Irrespective of rootstocks, MII increased with
increasing level of NaCl concentrations. At higher salinity
level (100 mM), ‘Kurukkan’ (99.67%) had higher MII than
‘Olour’ (92.00%) as compared to respective controls.

Salinity affects photosynthetic rate significantly too.
Maximum reduction in photosynthetic rate was noticed at
higher salinity level in both rootstocks. Compared with
respective control, higher reduction in photosynthetic rate was
recorded in ‘Olour’ (76.44%) as compared to ‘Kurukkan’
rootstock (57.86%) at higher salinity level.

In case of stomatal conductance, both rootstocks showed
almost equal stomatal conductance in absence of NaCl salt.
However, salinity reduced stomatal conductance at varying
level in all rootstocks. The higher reduction in stomatal
conductance was recorded in ‘Olour’ (57.14%) as compared
to ‘Kurukkan’ (20.00%) at higher NaCl concentration. Similar
trend was also observed at lower salinity level.

3.2 Biochemical Parameters

Effect of salinity on rootstocks showed that under control
condition ‘Kurukkan’ had higher proxidase activity over
‘Olour’ rootstock while in presence of NaCl, the higher
peroxidase activity was recorded (95.00% higher than
respective control) in ‘Olour’ at higher level of NaCl
concentration as compared to ‘Kurukkan’ (52.58% higher
than respective control).

Effect of salinity on rootstocks showed that higher increase in
catalase activity by 34.07% was recorded in ‘Olour’ as
compared to respective control at 100mM NaCl
concentration. And at higher salinity level, ‘Kurukkan’ had
higher increase in SOD activities (36.63% more than control)
compared to ‘Olour’ (14.21% more than control).

In case of proline content significant (P<0.05) increase in
proline accumulation in both the rootstocks under treatment
compared with the respective control. Higher increase in
proline accumulation by 61.73% was recorded in ‘Olour’ as to
‘Kurukkan’ (40.36%) when seedlings were irrigated with
water containing 100mM NacCl.

Trehalose content increased with increasing level of NaCl
concentration in both rootstocks. In presence of NaCl, the
trehalose content recorded higher (379.04% higher than
control) in ‘Kurukkan’ at higher salinity level as compared to
‘Olour’ (101.03% higher than control).

In control condition, significantly lower phenol content was
recorded in ‘Kurukkan’. However, in presence of salt, phenol
content recorded maximum (25.28% higher than control) in
‘Olour’ at higher salinity level followed as of ‘Kurukkan’
(15.44% higher than control).

At higher salinity level, the total soluble sugars content in leaf
tissues increased higher in ‘Kurukkan’ (29.98% higher than
control) compared to ‘Olour’ (16.29% higher than control)
while in case of root tissues total soluble sugars content
increased higher in ‘Olour’ (47.28% higher than control)
compared to ‘Kurukkan’ (28.25% higher than control).

In case of leaf abscission, significantly lower abscission was
recorded in ‘Olour’ in control while maximum leaf abscission
was recorded in ‘Kurukkan’ (17.29%) at higher salinity level
compared with respective control.

3.3 Tissue Nutrients Accumulation

Salinity effect indicated that sodium accumulation in leaf and
root tissues increased with increasing level of NaCl
concentration in both the rootstocks. In absence of NaCl,
significantly higher Na* concentration was recorded in leaf
and root tissues of ‘Kurukkan’. However, at higher salinity
level, the Na* concentration increased higher (62.50%) in leaf
tissues of ‘Olour’ and root tissues (52.63%) of ‘Kurukkan’ as
compared to respective controls.

Chloride accumulation in leaf and root tissues also increased
with increasing level of NaCl concentration in both
rootstocks. In control condition, CI- accumulation in leaf
tissues was statistically similar while in case of root tissues
‘Kurukkan’ had significantly higher accumulation. The
maximum CI- accumulation in leaf and root tissues by 43.10%
in ‘Kurukkan’ and 40.43% in ‘Olour’ genotypes was recorded
at higher salinity level as compared to respective controls.

4. Discussion

Data pertaining to effect of salinity on MII indicated that at
higher salinity level, higher MII was found in ‘Kurukkan’
than ‘Olour’ rootstock compared to respective controls. The
higher MII in ‘Kurukkan’ may be due to higher accumulation
of CI" in their leaves resulting in more damage to cells. NaCl
also enhanced the free radical scavenging capacity of treated
plants, including higher levels of superoxide dismutase,
catalase, and peroxidase. ‘Olour’ rootstock had shown higher
level of activity of catalase, and peroxidase enzyme may leads
to less damage of membrane. These enzymes are also linked
to the MII and reductions in photosynthetic activity, as
reported by Deshmukh et al. (2006) [,

The higher reduction in photosynthetic rate and stomatal
conductance was recorded in ‘Olour’ rootstock at higher
salinity level suggest that the negative effects of salt stress on
photosynthesis may be due to the higher uptake of Na* in leaf
tissues of ‘Olour’. These findings corroborated with Kaya et
al. (2001) ! and Sharma et al. (2011) B9 findings that
showed photosynthetic capacity suppressed by salinity.

In present study, POX and CAT activities increased in both
rootstocks under salt stress and recorded higher in leaves of
‘Olour’ at higher level (100 mM) of NaCl concentration;
however, SOD activity increased higher in ‘Kurukkan’. SOD,
POD and CAT are usually considered as the key components
of antioxidant defense of the plants (Xue et al. 2008) 6. The
higher POX and CAT activity in ‘Olour’ genotype showed
that these cells had higher capacity for catalyzing H.0, to
H.0 and O; as envisaged by lower inhibition in growth (data
not shown) and cellular damage. While lower SOD activity in
‘Olour’ may be an adaptive response to prevent potential
damage of tissues. It indicated that salt-stressed plants
exhibited specific responses of SOD, POD and CAT
activities. The distinction in antioxidant enzyme activities
between leaves might be associated with the marked
differences among the types of cellular metabolism existing in
the leaves (Srivastav et al. 2010; Cavalcanti et al. 2007) 526,
In case of proline concentration in leaf, significantly higher
was measured in ‘Olour’ at higher salinity level. Proline
concentrations have also been reported to increase under NaCl
stress in Morus Alba (Ahmad et al. 2007) @ and in wheat
(Tatar and Gevrek, 2008) [, that suggests a protective role
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for proline in avoiding the negative effects of salt stress in
mango.

Trehalose content increased with increasing level of NaCl
concentration in both rootstocks. The trehalosse content
recorded higher in ‘Kurukkan’ at 100 mM NaCl
concentration. Trehalose appears to improve water retention
in plant cells. It also protects cell membranes and enzymes
(Muller et al. 1995) 281 even though the mechanism of action
is poorly understood. Similar findings were reported by El-
Bashiti et al. (2005) 12 in wheat under salt or drought stress
conditions.

Phenol content recorded higher in ‘Olour’ at higher salinity
level. The accumulation of phenols may be due to the
complex or a set operation of three factors including
decreased conversion of phenols to quinines by lower activity
of polyphenol oxidase, high oxidation of carbohydrate via the
pentose phosphate shiikimate pathway and low utilization of
phenols for lignin formation. Indeed, phenolic compounds
participate in the defense against ROS which are inevitably
produced when aerobic or photosynthetic metabolism is
impaired by environmental stresses (Ksouri et al. 2007) 24,

In present study, carbohydrate content increased and found
higher in leaf tissues of ‘Kurukkan’ at 100mM NaCl. The
greater carbohydrate accumulation in leaves than in roots
under stressed conditions may be associated with decrease in
translocation from leaves to roots. It is interesting to observe
that even in stressed conditions, soluble carbohydrate content
was higher in leaves, contributing therefore to water status
maintenance in roots.

Interaction between salinity and rootstocks also affected leaf
abscission significantly. The higher leaf abscission was
recorded in ‘Kurukkan’ at higher salinity level compared
control. Leaf abscission increased mainly due to a cellular
intoxication by CI- ions and when a certain level of leaf Cl-
concentration is achieved, ACC content (the direct precursor
of ethylene hormone) and leaf ethylene production are
triggered and massive leaf abscission occurs (Gomez-Cadenas
et al. 1998) 7],

At higher salinity level, the Na* accumulation increased
higher in leaf tissues of ‘Olour’ and root tissues of
‘Kurukkan’; however, Cl- accumulation increased higher in
leaf tissues of ‘Kurukkan’ and root tissues of ‘Olour’ as
compared to respective controls. These results revealed that
‘Olour’ had a greater ability to restrict Cl- ions translocation
to leaf tissues while ‘Kurukkan’ had a greater ability to
restrict Na* ions translocation from root to leaves which may
attributed to less injury or mortality of seedlings of ‘Olour’.
These findings are also correlated with Olive (Chartzoulakis
et al. 2002) ® and Rangpur lime (Maas 1993) 2%l crop under
salt stress.

5. Conclusion

Based on the above findings, it could be said that salt
tolerance mechanism in ‘Olour’ may be due to higher POX
and CAT activities, higher proline and phenol content as well
as higher root CI" content while in ‘Kurukkan’ due to by
maintaining higher SOD activity, higher photosynthetic rate,
higher sugar and trehalose content as well as higher
accumulation of root Na*. In this way the results indicated
that ‘Olour’ may have more tolerance behavior as antioxidant
enzymes and proline considered as key components.
Moreover, this study provides information on physiological
and biochemical bases of salt tolerance in the mango
rootstocks. It may strengthen our understanding about the

mechanisms by which salinity affects plant growth and
development.
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Table 1: Effects of NaCl stress on Na, and CI content (dry weight
basis) in leaves and root tissues of rootstocks

Na (%) Cl (%)
Treatment L eaf Root Leaf Root
Kurukkan
Control 0.20° 0.19bc 1.162 1.35¢
50 mM 0.23cd 0.274 1.51¢ 1.544
100 mM 0.25% 0.29d 1.664 1.69¢
Olour
Control 0.162 0.142 1.202 0.942
50 mM 0.22¢ 0.17% 1.43° 1.28b
100 mM 0.26° 0.21¢ 1.52¢ 1.320¢
LSD (P <0.05) 0.02 0.03 0.05 0.06

Means followed by the same letter (s) within treatment are not
significantly different at P<0.05 for F test using Duncan’s multiple
range test (DMRT).
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Fig 1: Effect of NaCl treatment (mM) on membrane injury index
(M1I) of rootstocks
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Fig 2: Effect of NaCl treatment (mM) on net photosynthetic rate
(Pn) of rootstocks
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Fig 3: Effect of NaCl treatment (mM) on stomatal conductance (Cs)
of rootstocks

~ 2274~



International Journal of Chemical Studies

- ® Kurukkan = Olour 12 - m Kurukkan Olour
% ~ 2 210
%ﬂ 15 | s -
] E I 6
32 1 I =
2= I Y
£ 505 Z5 |
LE 5
B 0 | 20
control 50 100 = 5 control
Treatments ) Trea‘m‘lents
Fig 4: Effect of NaCl treatment (mM) on Peroxidase (POX) of Fig 9: Effect of NaCl treatment (mM) on total phenol content of
rootstocks rootstocks

: m Kurukkan = Olour o 07 Leaf TSS
= ) £
,g 60 =40 A
< 1
= s 5030
2 40 2%
S 7 30 | 2 :g 20 - ® Kurukkan

B D -
ga 20 - U0 Olour
s 10 :g 0
= 0 - : ‘ = control
8 contro

Treatments Treatments

Fig 10: Effect of NaCl treatment (mM) on total soluble sugar (TSS)
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