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Morpho-Physiological Alteration of Mangifera

Indica L. in Response to Sea Water Induced
Salt Stress

ABSTRACT

Salinity is one of the biggest challenges in the southern part of Bangladesh, which is
affecting the coastal ecosystem adversely. A pot experiment was conducted to find out the
morphological and physiological changes in mango (Mangifera indica L.) seedlings in
response to sea water induced salt stress at the Agroforestry and Environment research field
of Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU). The experiment
was laid out in a Randomized Complete Block Design (RCBD) with five replications, where
four treatments, viz 4, 8, 12 dS m™ salinity level (prepared from sea water), and the tap
water (control) were imposed. The results indicated that plant height of mango shortened
with the higher level of salinity and the declining magnitude was 28.44% over control at
maximum salinity level. Number of leaves per plant of mango were reduced by 27.51% at 12
dS m™ salinity level compared to that tap water, and the size of mango leaf was also
reduced for salinity. Both shoot and root biomass of mango seedlings were significantly
reduced due to salinity. The Salt tolerance index in mango was 56.76 only at 12 dS m™. In
case of physiological parameters, the lowest relative water content (RWC) was found in 12
dS m™, while water saturation deficit (WSD) and water uptake capacity (WUC) were found to
be the lowest in control for this plant. Water saturation deficit and water uptake capacity
were found to be increased with the increment of salinity level. Total chlorophyll content of
mango was decreased by 66.27%, respectively, while carotenoid contents were decreased
by 61.07%, respectively, at the hi(lghest salinity level. Proline content of mango increased by
73.07%, respectively, at 12 dS m~ salt level in comparison to that of seawater devoid control
plants. Considering the overall results, it can be concluded that although mango seedlings
were significantly affected by high salinity (12 dS m™), but can survive up to moderate
salinity (8 dS m™) at sapling stage.

Keywords: Salinity;morpho-physiological changes;chlorophyll content; proline content;salt
tolerance index.

1. INTRODUCTION

Salinization in both soil and groundwater are some of the ancient and most onerous
environmental problems in the world, posing commiserative impacts on natural resources
and agricultural productivity [1, 2]. Globally, more than 45 million hectares of irrigated land
are affected by salt, which accounts for 20% of total land and 1.5 million hectares of land are
taken out of production each year owing to high salinity levels [3]. Due to juxtaposing
geographical position, the coastal area of Bangladesh is highly vulnerable to salt stress.




Rising of sea levels, seawater droplet drift, tidal changes causing intermixing of fresh and
salt water. Every year the country has experienced catastrophic incursion of sea water due
to cyclone. Approximately, one million hectares of land in southwest, south central and
southeast zone of coastal belt of Bangladesh are under threat due to different magnitudes of
salinities [4] Salinity problem in Bangladesh was started with the construction of coastal
embankment in 1960s, since then intrusion of saline water for brackish water shrimp farming
angered the salinity level tremendously in that region. Salinization is a key issue and single
most significant problem of those areas, affecting the productivity and availability of
agricultural lands [5]. Approximately, 50% of coastal lands are somewhat untenable for
agriculture in a year due to majority of the crop plants are salt sensitive as well as relatively
low salt tolerance [6].

The severity of soil salinity elevates with the dryness of the soil body, salinization also
causes a great reduction in growth parameters such as fresh and dry weights of shoots and
roots and these changes are associated with decrease in chlorophyll contents in leaves [7].
High content of soluble salt causes high osmotic pressure which results reduction of
absorption of water and nutrients by plant [8]. Salinity causes physiological changes of plant
that suppress the seedling growth and plant development [9]. In addition to osmotic and ionic
imbalance and toxicity, salinity also induces oxidative stress in plants [10], which initiates
antioxidant system of the plants to cope up with oxidative damage to stressed plants [11].
Plants grown under saline conditions are stressed and are characterized by increased levels
of free proline in different tissues [12] as a response to osmotic adjustment [13]. Proline
accumulation is one of the adaptation mechanisms of plants to salinity and water deficit [14].
Beside agricultural productivity, vegetation in the coastal region has also affected
tremendously and fruit trees are more sensitive to salinity than timber tree species [15].
Mango (Mangifera indica L.) a tropical fruit, belongs to the family Anacardiaceae, is one of
the most popular and commercially important fruits in Bangladesh. In Bangladesh, mangoes
are grown everywhere, but ‘Guti Amm’ is a popular and early variety which is grown in
Satkhira district, a saline prone area of Bangladesh. The specialty of this variety is, it comes
early to the market and farmers get high income. However, the information of saline
tolerance limit of the mango is not well documented. The findings will be helpful for the
mango growers of coastal districts. Since mango is an important tree species in coastal area
of Bangladesh, it is needed to assess the effects of salinity on the growth of M. indica and
physiological response to salt stress.

2. MATERIAL AND METHODS
2.1 Experimental Location and Climatic Conditions

The experiment was conducted at the research farm of the Bangabandhu Sheikh Mujibur
Rahman Agricultural University (BSMRAU), Gazipur, which is located at 24°29" N latitude
and 90°26° E longitude from January to May 2018. The study area has subtropical climate
with hot summers and mild winter, and characterized by three distinct seasons; the pre-
monsoon (March to April), the monsoon (May to October), and the dry season (November to
February).

2.2Plant Collection and Establishment

One-year seedling of Guti Amm were collected from Satkhira district, Bangladesh. Twenty
plastic pots (diameter 33 cm and height 34 cm) were prepared by 23 kg of fine river sandy
soil and dried cow dung with a ratio of 2:1 and treated with formaldehyde to curtail soil born
disease for raising seedling. After well establishment of seedlings in pots, irrigation water
was supplied as per treatments at three days interval up to the end of the experiments. The



treatments were imposed from 16 February 2018. Fertilizer was applied in solution form.
Each pot was fertilized with 0.4, 0.3 and 0.3g N, P and K, respectively, with water at 30 days
interval.

2.3Experimental Design and Treatments

The experiment was conducted in a Factorial Randomized Complete Block Design (RCBD)
with five replications and four treatments. The different salinity intensity of irrigated water
were treatments i.e., 4, 8, 12 dS m™ along with tap water as control treatment.

2.4Samplingand Data Collection

Relevant data were recorded at different days after treatments (DAT) imposition during the
period of five months of field research and lab work for determining the plant performance
under salinity stress.

2.4.1Phenological Data

Plant height was measured at 30 days interval after treatment imposition from the base of
the plant (top of the soil) to the leaf primordia. At 30 days interval, total number of leaves per
plant was counted. Leaf area was measured at 30 days interval after treatment imposition till
end of the study by Area Meter (AM 200). For determining shoot and root masses, plants
were removed from the soil and washed to eliminate loose soils and then placed on dry
polythene sheets to allow any free surface moisture to dry out. After that, plants were divided
into root and shoot and measure weighed on an electric balance. Then plant materials were
placed in paper bags and oven dried at 80°C for 72 hours and allowed to cool in a dry
environment (in a paper bag to keep moisture out) and again weighed on an electronic
balance. In order to determine total dry weight of a plant, month wise dried leaves were
collected. After that, total dry weight per plant was calculated by summing up the dry weight
of collecting leaves, shoots and roots of plants. Shoot and root distribution, shoot and root
density were measured at the end of the experiment according to the procedure of Arduini et
al., [16] Salt Tolerance Index (STI) was calculated by using the formula of Seyedi, [17].

2.4.2Physiological Data

Water Saturation Deficit (WSD) is the deviation of the water content from the saturation level
and Water Uptake Capacity (WUC) quantifies the capacity of plants to absorb a greater
quantity of water per unit of dry weight in relation to turgid weight.Relative Water Content
(RWC), WSD and WUC were determined according to Weatherly [18] and calculated as
follows:

RWC = =o—=Ex100;  WSD % =100 - RWC; WUC = (TW-FW)/DW

Where,FW = Fresh weight, DW = Dry weight, and TW = Turgid weight of the leaf

Stomatal conductance was measured at 90 days after treatments imposition by Steady State
Diffusion Prometer (Model No.SC-1).Chlorophyll and Carotenoids content were
estimatedfrom the fully expanded uppermost leaves at 30 days interval after treatments
imposition till the end, by following the procedure developed by Witham et al. [19]. Proline
content was determined by using the method described by Bates [20].

2.5DataProcessingandStatistical Analyses



Data recorded for different parameters of plant and soil were processed by Microsoft Excel
and statistical analysis were carried out by using “Statistix10”. Two-way analysis of variance
(ANOVA) was used to determine mean comparison and interaction between treatments and
measurement periods. Least significance difference (LSD) test was used at 5% level of
significance.

3. RESULTS AND DISCUSSION

3.1 Growth Parameters

Growth parameters of mango were found to be significant in salinity induced stress to
Mangifera indica seedling after 90 days of treatment imposed (Table 1). Plant height was
significantly influenced by the salinity level, the tallest plant was recorded in control (121.40
cm) and it shortened with the increase of salinity level. The results that found in this study
have been confirmed by the results of Kapoor and Srivastava [21] on Vigna mungo L. and
Jamil et al., [22] on radish plant. Number of leaves per plant decreased with the higher
concentration of saline treatments. The lowest number of leaves was observed in 12 dS m™
(11.80), which was significantly lower than that of other sampling treatment. In salinity
stress plants accumulate sodium chloride in the cell walls and cytoplasm of the older leaves
of plants, which triggers leaf senescence. Inhibition of the formation of leaf primordia under
salinity stress could be probable reason for low leaf humber. Munns and Tester [3]also
stated that the ion-specific phase of plant response to salinity starts when salt accumulates
to toxic concentrations in the old leaves, which are no longer expanding and so no longer
diluting the salt arriving in them as younger growing leaves do, and they die and causes a
decrease in leaf number.

Table 1.Response of plant height (cm), leaves per plant and leaf area (mm2) of
Mangifera indica L. to different salinity levels at 90 days after treatment (DAT)
imposition

Salinity level Plant height (cm) Leaves per plant  Leaf area (mm®)
Control 121.40a (+4.43) 23.60ab (£3.90) 17904a (+285)
4dsm* 103.18b (+2.05) 26.20a (+4.00) 11657b(+250)
8dsm™ 96.10c (+1.31) 16.40b (+3.50) 9475¢(+213)
12dSm™ 86.32d (+1.40) 11.80c (+4.30) 7213d(+248)

Values are mean five replicates for each treatment (+SE). Values in a column with different small
letters are significantly different by LSD (P<0.05)

Size of leaf of mango seedlings greatly affected by saline water treatments, leaves became
smaller with the higher concentration of salinity. Similar reports were found in two different
study such as Moringa oleifera [23] and milk thistle [24]. Seawater stress cause a reduction
in meristem activity as well as cell elongation, thereby inhibiting leaf expansion after the
loss of cell turgor pressure [25]. Generally, reduction of cell turgor pressure leads to
stomatal closure and limits CO, assimilation and reduced photosynthetic rate resulting
lessening of chlorophyll content which is responsible for reduction in leaf area [26].

3.2Biomass Status

Effects of salinity on shoot-root growth shown in table 2. It was found that salinity inhibited
the length, fresh and dry weight of shoot-root. Shoot and root length, fresh and dry weight
of shoot and root were significantly highest in control treatments whereas lowest values of



these parameters were observed in 12 dS m™ treatments. Growth of M. indica, gradually
retarding with the increase of salinity level. The presence of high salt concentrations in plant
tissues increases the osmotic potential of tissues, leading to low plant water potential. Such
osmotic stress leads to reduced cell expansion and cell division rates. lon toxicity may also
have a role in decreasing the rates of cell division and cell expansion; hence retarded shoot
and root length and reduced dry weight. This reduction in shoot biomass of seawater-
stressed plants could be attributed to inadequate availability of nutrients present in growth
medium and the decreased water entry rate into the plants and the decreased in
photosynthetic output with suppressed supply of CO,. In this study, the deleterious effect of
salinity on root biomass may be attributed to the inhibitory effect of abscisic acid (ABA),
induced by salinity, on cell division and cell expansion as stated by Hassanein [27] or
reduced water absorption due to osmotic effect, specific ion toxicity and nutritional
imbalances as mentioned by Tahir et al. [28] and Joseph et al., [29]. Two authors have
been reported similar effect of salinity on root and shoot length of Triticum aestivum L.
Rahman et al., [30] and of Solanum melongena L. Basalah [31]. Chaparzadeh et al., [32]
stated that the reduction in shoot biomass may be a consequence of turgor limitation or cell
wall hardening which may be due to altered wall structure induced by salinity. Similar
decreases in the root biomass due to salt stress have been reported in pepper and guava
[33]. The present findings of the study also corroborate to the findings of Memon et al., [34]
on Brassica campestris L.

Table 2. Effects of different salinity levels on shoot and root length (cm), fresh and dry
weight (g) of Mangifera indica L. at 90 days after treatment (DAT) imposition

Salinity Shoot Rootlength  Shoot Shoot dry Root Root dry
level length (cm) fresh weight(g) fresh weight(g)
(cm) weight(g) weight (9)

Control 121.40a  37.80a 132.92a 65.50a 60.96a 30.40a
(£4.43) (£2.78) (£4.00) (x1.94) (£4.34) (£1.81)
4dsm* 103.18b  29.60b 110.75b 53.96b 44.31b 22.46b
(£2.05) (x0.75) (x2.61) (x1.60) (£1.28) (£0.64)
8dsm™ 96.20bc  28.00b 101.21c 48.65c 38.13b 18.63b
(£1.25) (+0.45) (£1.63) (+0.85) (£2.04) (£2.04)
12dSm™ 86.32¢c 22.60c 88.93d 42.18d 23.28c 12.27c
(£1.40) (£1.29) (£1.68) (£1.23) (£2.32) (£2.32)

Values are mean five replicates for each treatment (+SE). Values in a column with different small
letters are significantly different by LSD (P<0.05)

3.3Shoot and Root Distribution and Density

Shoot and root distribution was significantly decreased with increasing salinity level (Table
3). Significantly, the lowest shoot distribution was observed in 12 dS m™* (1.030 g cm'l) and
the highest shoot distribution was observed in control (1.096 g cm"l) plants. The lowest root
distribution was found in 12 dS m™ (1.020 g cm™), and the highest root distribution was
found in control plants (1.619 g cm™). Shoot and root density were significantly higher in
control plants (0.540 g cm™ and 0.809 g cm™), and lower in 12 dS m™ (0.488 g cm™ and
0.540 g cm™). Shoot/root density relates dry mass production to the unit shoot/root length
and shoot/root distribution represents the fresh mass accumulated per unit of shoot/root
length, the reduction in both density and distribution of plants shoot/root may reflect the
effect of salinity on decreasing shoot/root biomass (fresh and dry masses). In this respect,
Chopart et al., [35] stated that evaluation of shoot/root density and distribution could be
considered as a key factor for water and nutrient uptake by a plant in soil. These results
were in harmony with those obtained by Seckin et al., [36] on barley cultivars and Ali [37] on



wheat cultivars; they reported that elevated level of salinity caused considerable decrease
in shoot/root biomass which ultimately triggers lessening of shoot/root distribution and
density.

Table 3. Effects of different salinity levels on shoot distribution, root distribution,
shoot density and root density (gcm™) of Mangifera indica L. at 90 days after
treatment (DAT) imposition

Salinity Shootdistribution  Root distribution  Shoot Root

level (gcm™) (gcm™) density(g cm™) density(g cm’
Control _ 1.096a (x0.02) 1.619a (x0.06) 0.540a (0.00) __ 0.809a (+0.03)
4dsm®  1.073b (+0.01) 1.497ab (:0.01)  0.520b (+0.01)  0.759a (+0.01)
gdsm?®  1.052c (+0.01) 1.359b (+0.05) 0.506¢ (+0.00)  0.663b (+0.04)
12dsm? 1.030d (+0.00) 1.020c (+0.04) 0.488d (+0.01)  0.540c (+0.01)

Values are mean five replicates for each treatment (xSE). Values in a column with different small
letters are significantly different by LSD (P<0.05)

3.4 Salt Tolerance Index (STI)

The STI was decreased significantly as the level of salinity increased. Significantly the
highest (79.85) and the lowest (56.76) STI values were found in 4 dS m™ and 12 dS m™
treatments, respectively (Fig. 1). This result agrees with the result of Carpici et al., [38]. Salt
tolerance index, which is a function of total dry weight, is considered to be a reliable
criterion for salt tolerance [39]. Al-Thabet et al., [40] stated that plant growth inhibition is a
common response to salinity and plant growth is one of the most important agricultural
indices of salt stress tolerance.

Salt tolerant index (STI)
th
=]

4 dS/m 8 dS/m 12 dS/m

Fig. 1.Effects of different salinity levels on Salt tolerant index of Mangifera indica L. at
90 days after treatments (DAT) imposition

3.5Relative Water Content (RWC)

Water stress is one of the first and most obvious effects of salinity and thus the
determination of water relations is crucial for understanding salinity tolerance mechanisms of
a plant. RWC in mango was significantly influenced by the salinity level and it was
decreased with increasing the salinity level and salinity exposure duration (Table 4). Among
the treatment means, the highest mean RWC was recorded in control (90.53%) which were



significantly different from each salinity levels. At 90 DAT imposition the lowest RWC was
observed in 12 dS m™ (51.68%) which was significantly different from other treatments and
sampling dates. Salt induced-reduction of tissue water content may be caused by low leaf
water potential [41]. The relative water content of leaves might be decreased due to
decreasing of leaf water potential due to salt stress. The Chemlali olive tree tends to cope
with salt stress conditions by decreasing enormously its leaf water potential [42]. Plants with
high relative water content in leaf has a more stable osmotic balance [43]. The decreasing
relative water content of leaves indicate the less capacity to uptake water. However, Islam
[44] observed similar results for Mahagony and Eucalyptus.

Table 4. Effects of different salinity levels on relative water content (RWC%)
ofMangifera indica L. at different days after treatments (DAT) imposition

Salinity 30 DAT 60 DAT 90 DAT Mean
level
Control 90.58a (+0.33) 90.59a (+1.46) 90.41a (+0.12) 90.53A (+0.64)

4dsm* 84.76ab (+2.52)  81.82bc (+0.74)  75.11c-e (#3.70)  80.56B (+2.32)
g8dsm™ 78.46b-d (+1.55)  74.25de (+0.49)  64.86f (+2.28) 72.52C (+1.44)
12dsSm?*  71.81de (¢3.03)  71.42ef (+3.09)  51.68g (+4.55) 64.97D (+3.56)

Values are mean three replicates for each treatment (+SE). Values in a columns and rows with
different letters are significantly different by LSD (P<0.05). Different capital letters beside the mean
values are significantly different by LSD (P<0.05)

3.6Water Saturation Deficit (WSD)

Water saturation deficit (WSD) indicates the degree of water deficit of plants. The WSD was
remarkably influenced by the salinity level and it increased with increasing the salinity level
and progressing of days after treatment imposition (Table 5). Significantly the maximum
WSD was found in 12 dS m™ (48.33%) at 90 DAT. In average, the highest (35.03%) WSD
was recorded in 12 dS m™ which was 3.7 times higher than control treatment. It was
observed that WSD remain constant in control treatment throughout the growing period.
Seawater stress responsible for changing the situation because of restricted transpiration.
Katerji et al., [45] and Kaya et al., [46] observed similar result that sea water stress
accountable for altering the water status of plants viz. diminution of Relative Water Content
(RWC), while promoting Water Saturation Deficit (WSD).

3.7Water Uptake Capacity (WUC)

Water uptake is essential for cell expansion and plant growth. The WUC quantifies the ability
of a plant to absorb water per unit dry weight in relation to turgid weight. The WUC followed
the similar trend of WSD (Table 6). In the interaction effect, the maximum WUC rate was
observed in 12 dS m™ (1.04) at 90 DAT, which was significantly different from other
treatments at all measurement dates. The minimum WUC rate was found in control (0.08) at
30 DAT, which was almost similar with other dates in control treatment. The decrease in
water uptake indicates a loss of turgor that results in limited water availability for expansive
growth of cells. Letting down transpiration hinders water uptake from the soils because of
injury in the root systems. A higher WUC under saline condition means a plant is subjected
to water stress at a greater degree, because the plant would absorb more water to reach
turgidity than a plant under control condition [47]. The presents findings agreed with those
obtained by Stoyanov [48] on young bean, and Kabir et al., [49] in mungbean. Poor cell



growth due to disparity water status causing disruptions of overall morpho-physiological
growth of a plant.

Table 5. Effects of different salinity levels on water saturation deficit (WSD%)
ofMangifera indica L. at different days after treatments (DAT) imposition

Salinity 30 DAT 60 DAT 90 DAT Mean
level
Control 9.42¢g (+0.33) 9.41g (+1.46) 9.59¢ (+0.12) 9.47D (+0.64)

4dsm* 15.25fg (+2.52)  18.18ef (+0.74)  24.89c-e (+3.70)  19.44C (¥2.32)
g8dsm? 21.54d-f (£1.55)  25.76cd (+0.49)  35.14b (+2.28) 27.48B (+1.44)
12dSm™  28.19cd (+3.03)  28.58bc (+3.09)  48.33a (+4.55) 35.03A (3.56)

Values are mean three replicates for each treatment (+SE). Values in a columns and rows with
different letters are significantly different by LSD (P<0.05). Different capital letters beside the mean
values are significantly different by LSD (P<0.05)

Table 6. Effects of different salinity levels on water uptake capacity (WUC%)
ofMangiferaindica L. at different days after treatments (DAT) imposition

Salinity level 30 DAT 60 DAT 90 DAT Mean

Control 0.08f (+0.01) 0.08ef (x0.01) 0.09d-f (0.00) 0.08C (+0.00)
4dsSm™ 0.15c¢-f (+0.03) 0.17c-f (x0.01) 0.31c-e (#0.08)  0.21C (+0.04)
8dsm™ 0.23c-f (x0.02) 0.31cd (x0.01) 0.62b (+0.06) 0.39B (+0.03)
12dSm™ 0.37c (x0.08) 0.35c¢ (+0.05) 1.04a (+0.22) 0.58A (+0.11)

Values are mean three replicates for each treatment (xSE). Values in a columns and rows with
differentletters are significantly different by LSD (P<0.05). Different capital letters beside the mean
values are significantly different by LSD (P<0.05)

3.8Stomatal Conductance

A diminution of stomatal conductance was observed in above and below part of the leaf due
to different salinity at 90 DAT imposition (Fig. 2). In the upper part of leaf stomatal
conductance reduced drastically, whereas slightly diminished in lower part of leaf. For
reduction of stomatal conductance, the probable reason might be due to the ‘'osmotic effect'
of salinity induces abscisic acid (ABA) accumulation. Salt induced reduction of stomatal
conductance can be caused by stomatal limitation with stomatal closure [50] and a
disturbance of photosynthetic activity at high tissue salt concentration [51]. This is consistent
with previous observations on the effect of salinity on stomatal conductance of non-
halophytes by Farquhar et al., [52].
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Fig.2.Response of stomatal conductance (mmol m™ s™) in above and below portion of
the leaf of Mangifera indica L. under different salinity levels at 90 days after
treatments(DAT) imposition

3.9Total Chlorophyll and Carotenoid Content

Total chlorophyll content was greatly affected by the salinity level, and significantly
decreased with increasing the salinity level (Fig. 3A). The chlorophyll content decreased with
DAT imposition in all saline affected plants, in contrast it increased with times in control
treatment. It was observed in interaction effect of total Chlorophyll content that significantly
the highest (7.48 mg g™) and the lowest (1.17 mg g™*) values were recorded in control and in
12 dS m™ at 90 DAT. Carotenoid content was also gradually decreased with increasing
salinity level (Fig.3B). Among the treatments mean, the highest carotenoid was recorded in
control (1.31 mg g™) and the lowest (0.49 mg g*) was found in 12 dS m™. In the interaction
effect it was observed that the highest result was found in control at 90 DAT (1.77 mg g'l)
which was significantly higher than other treatments, while the lowest result was found in 12
dS m™ (0.31mg g™) at 90 DAT imposition.

The decrease in Chlorophyll content under stress is a commonly reported phenomenon and
in various studies this is may be due to different reasons, one of them is related to
membrane deterioration [53, 54]. Similar results were found in faba bean [55] and in Satureja
hortensis [56]. Another reason for reduction in chlorophyll content in most plants may be due
to disorganization of thylakoid membranes with more degradation than synthesis of
chlorophyll via the formation of proteolytic enzymes, such as Chlorophyllase, which is
responsible for degrading chlorophyll, as well as damaging the photosynthetic apparatus,
reducing photosynthetic rate [57] and inhibiting accumulated ions [58].
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Fig.3.Effects of different salinity levels on total chlorophyll content (A) and carotenoid
(B) of Mangifera indica L. at different days after treatments(DAT) imposition

3.10Proline Content

Salinity had a great influence on proline accumulation in leaves (Fig.4). Proline accumulation
at 90 DAT imposition increased with increasing salinity level. Maximum proline accumulation
was observed in 12 dS m™ (13.37 umol g™fw); in contrast, minimum was measured in control
(3.60 umol g™fw) plants. Proline accumulation in leaves as a response to salt stress were
observed in several medicinal plants e.g., Catharanthus roseus [59] and Salvia officinali [60].
The increased proline content might be attributed to a decrease in proline oxidase activity in
saline conditions [61]. Several reports indicate that proline content facilitate rapid mechanism
for maintaining the turgor and affects the solubility of various proteins [62] and protects them
against denaturation under saline condition [63]. Proline serves as a membrane protectant
and accumulates in cytoplasm at higher concentration under stress conditions without
interrupting cellular structure and metabolism due to its zwitter ions characteristic feature
[64].
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Fig.4.Effects of different salinity levels on proline (umol g*fw) accumulation of
Mangifera indica L. at 90 days after treatments imposition

4. CONCLUSION

The growth performance of mango seedlings was remarkably affected by salinity level. The
adverse effect of salinity level was expressed on seedling during whole study period. The
growth was stunted gradually over time due to salinity and ultimately reduced total biomass



of mango sapling. The seawater induced salt stress adversely affected physiological
processes of the plants, such as relative water content (RWC) was decreased but water
saturation deficit (WSD) and water uptake capacity (WUC) were increased with the elevated
concentrations of salinity. The highest total chlorophyll and carotenoid contents were found
in control plants and lowest were recorded in 12 dS m™* salinity level. The species produced
higher proline with increasing salinity level. The increment of proline content in leaf helped
the seedlings to survive under salt stress.
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