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Problem of salinity has been recognized as core issue across the globe. Syzygium cumini (L.) and Vachellia nilotica (L.) are
multipurpose agroforestry tree species of subcontinent where poor management practices result in soil salinity. Therefore, two
studies were designed to test out the reclamation potential and growth of these tree species against salinity. The results of the
field study that was conducted in Satiana, a town of District Faisalabad, Pakistan indicated that the soil EC was lower at
different depths (0-15 cm and 15-30 cm) under the tree canopies of both species as compared to open field. Consequently,
second study was designed to assess the growth of these important agroforestry tree species under different salinity levels (i.e.
10 dSm-1, 20 dSm-1, 30 dSm-1, 40 dSm-1 including control) at seedling stage. Morphophysiological parameters (Shoot and root
length, shoot and root fresh and dry weights, stem diameter and leaf area, transpiration rate, photosynthetic rate and intrinsic
CO2 concentration etc.) and ionic concentrations (Na+ and K+) were studied. Salinity negatively affected the growth of V.
nilotica but with more prominent effects on S. cumini. Good survival rate of V. nilotica was observed at higher salinity level
(40 dSm-1) but S. cumini did not survive at the same level. 84.1% decrease in shoot and 70% in root fresh weight of V. nilotica
was seen at higher salinity level. Drastic changes were observed in case of shoot and root fresh weights of S. cumini at 30 dSm1
i.e. 72.8% and 70.2%, respectively. Increase in Na+ and decrease in K+ ion concentration was recorded in different organs of
both species. Stomatal conductance and photosynthetic rate of both species were decreased at higher salinity levels. It was
concluded that V. nilotica is more tolerant to salt stress but S. cumini can be cultivated in moderate saline stress condition.
Keywords: Salt tolerance, biomass, tree survival and growth, gas exchange, ion accumulation.
INTRODUCTION
Vachellia nilotica (Gum Arabic tree) is a multipurpose tree, it
provides timber, fuelwood, dye, gum and can also be used as
live fence. It also impacts the environment through soil
reclamation and soil enrichment (Saqib el al.,2006). Syzygium
cumini (Black plum) is also an important tree species present
in subcontinent with great economic importance (Rafiullah,
2006). Among different abiotic stresses, salinity is thought to
be a key factor which inhibits growth of plants (Saqib et
al.,2006; Yousaf et al.,2018). Reduction in food supply,
abandonment of land, environmental contamination, water
efficacy and crop yield reductions are some adverse effects of
salinity (FAO, 2005). Globally, lands affected by salinity
cover more than 397 million hectares. Most of such lands
have Magnesium Sulfate (MgSO4), Calcium Chloride
(CaCl2), Sodium Chloride (NaCl) and Sodium Sulfate
(Na2SO4) as major salts contributing in salinization (Ghosh et
al.,2012). Severe salinity problems exist in different countries
of various continents including Australia, Pakistan, China,

Egypt, Iraq, India, Syria, Mexico, United States and Russia.
Out of total land area in Asia-pacific zone almost 6.1 % has
been affected by salts (Wicke et al.,2011). Assessments
revealed that globally about 45 million hectares of irrigated
lands have been affected by salinity (World Bank, 2006;
Hasanuzzaman et al., 2014). Pakistan ranks 8th in the world
with respect to land affected by salinity (FAO, 2005;
Corbishley and Pearce, 2007).
Application of brackish irrigation water and overuse of
fertilizes in most parts of Pakistan are considered as major
reasons of saintly. Due to such practices 13 % of irrigated
agricultural land of the country is classified as strongly saline
(WAD, 2018). Nearly salinity has affected about six million
hectare land in Pakistan and it falls under Indus Basin, most
of which is located in Sindh and Punjab provinces (Qureshi et
al., 2008). Plant growth and crop production is greatly
restricted by salt stress (Munns, 2002; Abdul-Jaleel et al.,
2007). Numerous enzymatic activities and photosynthetic
rates are reported to be affected by salt stress. In addition, it
also restrains development of seedling and germination

Yousaf, Ahmad, Haq, Siddiqui, Khaliq & Berlyn
process, which is the crucial phase for any plant (AlaouiSosse et al., 1998; Sairam and Srivastava, 2002; Misra and
Dwivedi, 2004; Yang et al., 2009; Zushi et al., 2009;
Bacchetta et al., 2010; He et al., 2011; Li et al., 2011; Abid et
al., 2011). Salts affect key biological processes of plants like
photosynthetic and respiration rates etc. (Parida and Das,
2005). Reduction in biomass of the plants in response to high
salinity levels has also been reported in salt tolerant plants
(Wang et al., 2009; Parida et al., 2016). In crops different
types of problems are caused by salinity such as oxidative,
osmotic, secondary and ionic stresses (Sha et al., 2019).
Salinization can have serious impacts on the root growth but
studies on growth of roots related to salt stress are scarce.
Sodicity disturbs the physicochemical properties of soil which
ultimately affects root penetration of trees. Higher leaf fall
and disturbance in root biomass was observed in highly saline
patches (Hossain and Nuruddin, 2016). Salinity reduces the
plant growth and limits various physiological processes
(Bhaskar and Bingru, 2014). Photosynthetic rate of seedlings
was significantly reduced by increasing the salt stress levels.
High doses of NaCl decreased the photosynthesis and
transpiration rates of seedlings which ultimately increased the
photosynthetic water use efficiency (Negrao et al., 2017).
Higher salt accumulation in young leaves reduced the leaf
area and ultimately the photosynthetic rate (Munns et al.,
2002; Karimi and Kuhbanani, 2014). Poor stomatal
conductance in tree species under salt stress reduced the
carbon dioxide which significantly affected the
photosynthesis. A relatively low level of intracellular CO 2
was observed in P. australis due to salt stress (Choi et al.,
2005). Heavy accumulation of Na+ in different parts was a
major reason for osmotic disturbance, nutrient imbalance and
specific ion toxicity (Junbo Xiong et al., 2017). There are
various techniques to reclaim saline soils like engineering,
chemical and biological approaches. Engineering and
chemical approaches are costly and require recurring budgets
but biological approach is cheaper and also provides socioeconomic benefits to the farmers. In biological approach, salt
tolerant tree species are used to reclaim the problematic soil
(Hasanuzzaman et al., 2014).
Syzygium cumini and Vachellia nilotica are multipurpose tree
species commonly grown in social forestry. Therefore, this
study explored the potential of S. cumini and V. nilotica
against salt stress at seedling stage in term of
morphophysiological growth and ionic response.

were reported as serious issues of Faisalabad division,
especially in Satiana.
Surveying and Collection of Soil Samples: To assess the
current condition of these issues a survey was carried out in
Faisalabad (Satiana) by using a pre tested questionnaire with
the help of Agriculture Extension Officers. About 46 farmers
were interviewed in person and the collected data were
analyzed by using statistical software SPSS. Soil samples
were collected from selected sites of Satiana. Sampling was
carried out with the help of auger from the site where the
farmers were already using different tree species for the
reclamation of saline soil. Sampling was done from under and
away the canopies of the selected tree species (V. nilotica, S.
cumini) in the affected fields. Samples were taken from 2
depths i.e. (0-15 cm, 15-30 cm), from four directions i.e. east,
west, north and south around the tree and were mixed to attain
a composite sample for each depth during the study. Samples
were analyzed from Saline Agriculture Laboratory,
University of Agriculture, Faisalabad and Ayub Agricultural
Research Institute, Faisalabad.
Based upon the results of field study an experiment was
conducted under controlled conditions in Department of
Forestry and Range Management, University of Agriculture,
Faisalabad, it lies at 31°25'7.37"N latitude and at 73°
4'44.79"E longitude. To study the influence of salts on V.
nilotica and S. cumini, a pot trial was performed under control
conditions. Soil samples were analyzed for EC, pH, saturation
percentage (SP), soil organic matter % (OM) and textural
class (Table 1). Physicochemical properties were measured
according to USDA handbook No 60 (Richards, 1954).
Table 1. Physicochemical properties of soil.
Characteristic
Values
Texture
loam
Sand (%)
35.44±0.45
Silt (%)
41.71±0.92
Clay (%)
21.60±0.82
SP (%)
29.00±1.72
OM (%)
0.78±0.13
pH
7.51±0.04
EC dSm-1
2.56±0.31
SAR
8.54±0.45
Planting material and experimental design: Before
developing salinity levels soil was air-dried, 12 kg of soil was
added to each pot. Except control, four salinity levels were
developed by the addition of calculated volume of NaCl i.e.
10, 20, 30 and 40 dSm-1, respectively, with five replications
and were organized according to CRD in factorial
arrangement. After developing the desired salinity levels, soil
was tested from each treatment. Uniform sized seedlings of V.
nilotica and S. cumini, raised in the nursery of Department of
Forestry were used for the said study. After shifting, seedlings
were allowed to acclimatize in normal conditions before the

MATERIALS AND METHODS
Description of Study Sites: In current research program first
phase of study was conducted in Satiana, a small town
situated 27 km from Faisalabad. It has an area of 5856 km2
and lies at 31°12'06.47"N latitude and at 73° 10'12.17"E
longitude, located at the height of 184 m above sea level.
About 3-4 decades ago salinity and waterlogging problems
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year (11.5, and 11.9 dSm-1) for both tree species, respectively
(Figure 2). The results indicated that the soil EC was lower at
both depths (0-15 cm and 15-30 cm) under tree canopy as
compared to open field (Figure 2).

application of treatments. Weekly data were recorded for each
plant with respect to its survival at different salinity levels.
Time period of trial was six months and after that following
parameters were recorded.
Plants harvesting and measurement of biomass: At the
termination of experiment plants were harvested. Plant height,
root and shoot length were measured with measuring tape.
Stem diameter was recorded by using Vernier Caliper. Leaf
area of the plants was measured with leaf area meter (YAXIN1241/CI-20-CID). After harvest, data regarding fresh and dry
shoot and root weights were recorded with the help of
weighing balance (Extech SC600 electronic counting scale
USA). For measuring roots dry weight and shoots dry weight
plants were separately oven dried (DHG 9202 series,
Thermostatic Drying Oven) at 750C for 48 hours.
Measurement of gas exchanges parameters:
Before harvesting different physiological parameters i.e.
transpiration rate, stomatal conductance, photosynthetic rate,
intrinsic CO2 concentration and photosynthetic water use
efficiency (Bashir et al., 2018) were measured with the help
of portable Infra-Red Gas Analyzer (IRGA) between 10:00
and 12:00 am with maximum day light intensity.
Measurement of ionic concentration: 50 mg of dried sample
was digested by using 2 ml of HNO3. K+ and Na+ ion
concentration was determined by using flame photometer
(Sherwood-410).
Statistical analysis: Means were compared by using Tukey’s
test. Data were statistically analyzed by using SPSS software.

(a)

(b)

(c)

RESULTS
Tree services and soil reclamation: Results of first phase of
study revealed that maximum number of respondents had
much information regarding services of trees such as soil
reclamation, shelter etc. The results showed that problematic
soil was increasing with the passage of time due to
mismanagement and overuse of brackish underground water.
Satiana had the respondents 65 %, 30 % and 22 % who
thought that they have land facing the problems of salinity,
waterlogging + salinity and only waterlogging, respectively
(Figure1a). It was observed that tree planting trend at selected
site was increasing gradually. The 60% of the respondents
believed that trees planting trend was increasing whereas 35%
of the respondents were of the view that it was decreasing
(Figure 1b). Satiana site had 70.1% respondents, who thought
that trees reclaimed the soil, 20.2 % respondents were agreed
that trees acted as windbreaker and 10.2 % respondents
thought that trees provide shade, shelter, habitat for wildlife
etc (Figure 1c). The results revealed that after three years
slight reduction in EC under the tree canopies was recorded
as compared to control site i.e. away to canopy (Figure 2). The
EC values were higher at 0-15 cm as compared to 15-30 cm
soil depths. In Satiana soil EC was higher during 1st year at 015 cm soil depth (12.2, and 12.1 dSm -1) as compared to 3rd

Figure 1. Distribution of respondents according to a)
problematic soil (b) trend of panting during last
five years and (c) tree services at Satiana.

Figure 2. Effect of time duration on soil EC (dSm-1) under
the tree canopy (U.C) and away to tree canopy
(A.C) of V. nilotica and S. cumini at two depths
(0-15 and 15-30 cm) at Satiana site
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Morphological response: All plants of V. nilotica survived
against higher salt stress i.e. 40 dSm-1 but S. cumini did not
survive at same level. Reduction in biomass production in
both tree species was recorded at higher salinity levels as
shown in Figure 3. Comparison of means of recorded
morphological attributes revealed significant decline with the
increase in salinity levels for both tree species (p<0.05).
Moderate and high salinity adversely affected the root length
of S. cumini and V. nilotica up to 65 % (Figure 3a), shoot
length also behaved likewise. The shoot fresh weight
significantly decreased at higher salt stress (Figure 3e) i.e.
72.85% and 84.1%, respectively, dry weights upto 70 % in
both species (Figure 3c, 3d). A significant decrease in plant
leaf area was recorded between 30 to 40 dS dSm -1 i.e. 21.42
% and 56.31 %, respectively (Figure 3g, 3h). A drastic
decrease in stem diameter was recorded at high salinity for
both species (Figure 3b).
Physiological response: Comparison of means of recorded
physiological attributes revealed significant decline with the

increase in salinity levels for both tree species (p<0.05). At
higher salinity level the photosynthetic water use efficiency
increased to 33.7 % in S. cumini and 30.39 % in V. nilotica
(Figure 4a), transpiration rate was reduced to 75.9 % and 67.9
% (Figure 4e), intrinsic CO2 concentration was reduced i.e.
47.85% and 38.4% (Figure 4b), respectively, stomatal
conductance was decreased to 38.54 % and 30.56 % (Figure
4d), photosynthetic rate was reduced to 74.07% and 78.6% in
both species, respectively (Figure 4c).
Potassium and sodium concentration: Na+ and K + ion
concentration was significantly different in all treatments
(p<0.05). Significant reduction in K+ ion concentration was
recorded in the shoots, leaves and roots at higher salinity level
(Figure 5). Na + ion concentration in roots and leaves
increased up to 70.1 % and 80.2 %, respectively (Figure 5d,
5f). K+ ion concentration in shoots was reduced as compared
to control conditions (Figure 5c). Na+ ion concentration in
shoot increased to 70.8 % in S. cumini and 73.5 % in V.
nilotica, respectively. However, decrease in K+ ion

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Figure 3. Effect of NaCl salinity on (a) root length (b) stem diameter (c) root dry weight (d) shoot dry weight (e)
shoot fresh weight (f) root fresh weight (g) leaf area of Syzygium cumini (h) leaf area of Vachellia nilotica.
Values are means with letters reported significant differences (p< 0.05)
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(a)

(b)

(d)

(c)

(e)

Figure 4. Effect of NaCl salinity on (a) photosynthetic water use efficiency (b) intrinsic CO 2 Con. (c) photosynthetic
rate (d) stomatal conductance (e) transpiration rate. Values are means with letters reported significant
differences (p< 0.05).
(a)
(b)
(c)

(d)

(e)

(f)

Figure 5. Effect of NaCl salinity on (a) K+ ion concentration in shoot (b) K+ ion concentration in leaf (c) K+ ion
concentration in root (d) Na+ ion concentration in shoot (e) Na+ ion concentration in leaf (f) Na+ ion
concentration in root. Values are means with letters reported significant differences (p< 0.05).
concentration in V. nilotica shoot was recorded i.e. 49 %
under 40 dSm-1 (Figure 5c). This increase was more
prominent in the shoot for V. nilotica than S. cumini.

Noureen et al. (2008) who observed more EC in top soil.
Moreover, the researcher observed that leaf litter of Acacia
jacquemontii in Cholistan desert slightly reduced the EC of
soil. Increasing trend was observed for the promotion of
agroforestry and major tree species planted were Populus
deltoides (W. Bartram) Dalbergia sissoo (Roxb.), Vachellia.
nilotica and Eucalyptus camaldulensis (Dehnh.) during last
decade (Yousaf et al., 2018). Current study concluded that

DISCUSSION
In field study higher EC levels (12-13 dSm-1) was observed in
top soil as compared to subsoil which is in line to those of
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trees improve soil fertility which is exactly in line with the
findings of Safdar (2012), who described that trees improve
physicochemical properties of soil. In terms of plant biomass
and growth in saline conditions, V. nilotica responded much
better as compared to S. cumini. This suggested that the V.
nilotica is suitable species for cultivation in saline soils. In
this investigation although a decreasing trend was observed in
above (i.e. plant height, leaf area, stem diameter, shoot fresh
and dry weights) and underground (i.e. root fresh and dry
weights) biomass allocation but survival of seedling was not
affected and results are in agreement with various pervious
findings (Wang et al., 2011; Nawaz et al., 2016). The results
demonstrated that S. cumini and V. nilotica biomass was
significantly reduced at higher salinity levels. Salinity reduces
plant biomass in halophytic tree species due to toxic and
osmotic effects (Koyro et al., 2006; Turan et al., 2010; Wang
et al., 2011; Khalil et al., 2012; Teakle et al., 2013). Variation
in growth and biomass production of halophytic tree species
in saline soil was also observed due to the salinity (Munns,
2002). Growth rate of seedling was affected under salt stress
conditions (Maas and Hoffman, 1977; Qureshi et al., 2008;
Munns and Tester, 2008; Yue, 2012; Abbas et al., 2013;
Harter, 2014). The reduction of root and stem diameter of S.
cumini and V. nilotica with increased NaCl levels are similar
to the results of Beritognolo et al., 2007, who reported
reduced growth of Hibiscus cannabinus under salt stress.
When salt stress was increased, plants leaf area was reduced
significantly because salt stress inhibited plant growth. The
same finding was also observed by many other researchers as
well (Kramer, 1983; Curtis and Lauchli, 1986; Brungnoli and
Lauteri, 1991; Alberico and Cramer, 1993; Mahmood et al.,
2009; Hameed et al., 2010; Jiang et al., 2014; Behera et al.,
2015; Jose et al., 2017). Decrease in shoot and root length was
observed because of high NaCl concentrations as compared
to normal soil. Increase in salinity resulted in the reduction of
the length, similar results were also observed in other woody
plants by Nabil and Coudret (1995). According to Rahimi et
al. (2012) salinization is main reason for reductions of
biomass. Decrease in shoot and root dry weight was observed
only at higher salinity levels. Similar findings were reported
for Atropa belladonna by Bilski et al. (1988).
In current study, significant decrease was observed in leaf gas
exchange parameters with increasing salinity levels. The
finding of this study indicated that photosynthetic rate of
seedlings in S. cumini and V. nilotica was significantly
reduced by increasing the levels of salinity. This supported
the results of previous studies (Brugnoli and Lauteri, 1991;
Chaves et al., 2009; Bhaskar and Bingru, 2014; Geissler et al.,
2015; Hassan and Narges, 2017), who found that
photosynthetic rate in the seedlings of halophytes decreases
with increasing salinity levels. In current study stomatal
conductance drastically decreased at higher salinity level but
it remained unchanged at moderate salinity level which
confers the findings of Parida et al (2004). Similar results

were reported earlier on Avicenna marina (Eller et al., 2014;
Hoa et al., 2015). Decreased stomatal conductance is
followed by low transpiration rate and less assimilation of
CO2 (Marler and Zozor, 1996; Romero-Aranda et al., 2001;
Ashraf, 2001; James et al., 2002; Martínez-Alcántara et al.,
2015) which is in close relation with the findings of this study
where increase in salinity decreased transpiration rate
remarkably. Similar results were observed in Avicenna
marina (Eller et al., 2014). The reduction in transpiration rate
was likely due to the reduced photosynthetic activity. Poor
stomatal conductance resulted in less transpiration rate and
closing of stomata (Parida et al., 2003; Negrao et al., 2017).
A comparatively low level of intracellular CO2 concentration
was recorded in V. nilotica at 40dSm-1 and similar results
have been reported by Choi et al., 2005. Photosynthetic water
use efficiency (PWUE) significantly increased when the
salinity level was increased. Increase in PWUE of V. nilotica
at high salinity level resulted in rapid decline of transpiration
rate relatively than assimilation of CO2 (Tan et al., 2019)
which is similar to the finding of this study at higher salinity
level. Na+ contents of the shoots, leaves and roots were
increased with increasing concentration of NaCl and K+
contents were significantly reduced in all parts of plant.
Similar results have been reported by Renault et al. (2011) in
seedlings of Gleditsia tricanthos. Heavy NaCl accumulation
has also been reported for many tree species when exposed to
salinity (Nabil and Coudret, 1995). In current study, Na + ion
accumulation was higher in the shoots as compared to leaves
and roots. Na+ ion concentration was higher in shoots of V.
nilotica and S. cumini seedling, due to higher Na+ ion
concentration in soil. Usually, in cultivars which are sensitive
to salts, sodium contents are increased by increasing salinity
(Alaoui-Sasse et al., 1998; Sairam et al., 2002; Poustini and
Siosemardeh, 2004; Zhu et al., 2016) while concentration of
potassium ion (K+) reduced in all plant parts when salt
concentration is increased. This strange relation between
concentrations of sodium ion (Na+) and potassium ion (K+) is
thought to be a significant physiological mechanism in plants
and it plays a vital role in various plant species (Willadino and
Câmara, 2005).
Conclusion: On the basis of present investigations, it is
concluded that V. nilotica can be planted in highly saline soils
having EC (40dSm-1) and S. cumini can be used for moderate
soils (15-20dSm-1) as biological reclaiming agent.
Acknowledgments: We gratefully acknowledge the funds
providing agency, Endowment Fund Secretariat UAF (Grant
No.TT 113-16) and also highly thankful to field staff of
Department of Forestry and Range Management, University
of Agriculture, Faisalabad Pakistan.

6

Soil salinity and reclamation potential of agroforestry trees
REFERENCES

Chaves, M.M., J. Flexas and C. Pinheiro. 2009.
Photosynthesis under drought and salt stress: regulation
mechanisms from whole plant to cell. Annals of
botany.103:551–560.
Choi, W.J., H.M. Ro and S.X. Chang. 2005. Carbon isotope
composition of Phragmites australis in a constructed
saline wetland. Aquat. Bot. 82:27-38.
Corbishley, j. and D. Pearce. 2007. Growing trees on saltaffected land. ACIAR impact Assessment Series Report
No.51.
Curtis, P.S. and A. Lauchli. 1986. The role of leaf area
development and photosynthetic capacity in determining
growth of Kenaf under moderate salt stress. Aust. J. Plant
Physiol. 13:553-565.
Eller F., C. Lambertini L.X. Nguyen and Brix H. 2014.
Increased invasive potential of nonnative Phragmites
australis elevated CO2 and temperature alleviate salinity
effects on photosynthesis and growth. Glob. Change
Biol. 20:531-543.
FAO. 2005. Food and Agricultural Organization of the United
Nations statistics animal Rome Italy. Animal production
and animal science worldwide waap book of the year.
Geissler, N., S. Hussin, M.M. El-Far and H.W. Koyro. 2015.
Elevated atmospheric CO2 concentration leads to
different salt resistance mechanisms in a C3
(Chenopodium quinoa) and a C4 (Atriplex nummularia)
halophyte. Environ. Exp. Bot. 118:67-77.
Ghosh, G., S. Kumar and S.K. Saha. 2012. Hyperspectral
satellite data in mapping salt affected soil using linear
spectral unmixing analysis. J. Indian Soc. Remote Sens.
40:129-136.
Hameed, M., M. Ashraf, M.S.A. Ahmad and N. Naz. 2010.
Structural and Functional Adaptations in Plants for
Salinity Tolerance. Plant Adap. Phyton. 1:151-170.
Harter, L.S.H. 2014. Effect of salinity on physiological
performance of mogango seeds and seedlings. Hortic
Bras. 32:80-85.
Hasanuzzaman, M., M.d. Kamrun, A. Mahabub, C. Prasanta,
M.d. Bhowmik, H. Amzad, M. Motior, N.V.P. Majeti and
O. Munir. 2014. Potential Use of Halophytes to
Remediate Saline Soils. Biomed Res Int. pp. 1-12.
Hassan, F.A.P.P and R. Narges. 2017. Physiological response
of henna (Lawsonia inermise L.) to salicylic acid and
salinity. Plant Prod. Sci. 20:237-247.
He, L., X. Jia, Z. Gao and R. Li. 2011. Genotype-dependent
responses of wheat (Triticum aestivum L.) seedlings to
drought, UV-B radiation and their combined stresses.
Afr. J. Biotechnol. 10:4046-4056.
Hoa, T., D.E. Nguyen, N.S. Stanton, D.F. Graham and C.
Marilyn. 2015. Growth responses of the mangrove
Avicennia marina to salinity: development and function
of shoot hydraulic systems require saline conditions. Ann
Bot. 115:397-407.

Abbas, G., M. Saqib, J. Akhtar and S.M.A. Basra. 2013.
Salinity tolerance potential of two acacia species at early
seedling stage. Pak. J. Agri. Sci. 50:683-688.
Abdul-Jaleel, C., R. Gopi, B. Sankar, P. Manivannan, A.
Kishorekumar and R. Sridharan. 2007. Studies on
germination seedling vigour lipid peroxidation and
proline metabolism in Catharanthus roseus seedlings
under salt stress. S. Afr. J. Bot. 73:190-195.
Abid, M.M. Salim, A. Bano, M. Asim and M. Hadees. 2011.
Physiology and productivity of rice crop influenced by
drought stress induced at different developmental stages.
Afr. J. Biotechnol. 10:5121-5136.
Alaoui-Sosse, B.L., P. Sehmer, P. Barnola and P.
Dizengremel. 1998. Effect of NaCl salinity on growth
and mineral partitioning in Quercus robur L. A
rhythmically growing species. Trees. 12:424-430.
Alberico, G.J. and G.R. Cramer. 1993. Is the salt tolerance of
maize related to sodium exclusion Preliminary screening
of seven cultivars. J. Plant Nutr. 16:2289-2303.
Ashraf, M. 2001. Relationships between growth and gas
exchange characteristics in some salt tolerant
amphidiploid Brassica species in relation to their diploid
parents. Environ. Exp. Bot. 45:155-163.
Bacchetta, G., C.A. Dettori, F. Mascia, F. Meloni and L.
Podda. 2010. Assessing the potential invasiveness of
Cortaderia selloana in Sardinian wetlands through seed
germination study. Plant Biosyst. 144:518-527.
Bashir, A., M. Rizwan, S. Ali, M. Zia ur Rehman, M. Ishaque,
M.A. Riaz and A. Maqbool. 2018. Effect of foliarapplied iron complexed with lysine on growth and
cadmium (Cd) uptake in rice under Cd stress. Environ
Sci. Poll. Res. Int. 25:20691-20699.
Behera, L., M. Nayak and R. Patel. 2015. Agroforestry
practices for physiological amelioration of salt affected
soil. J. Plant Stress Physiol. 1:13-18.
Beritognolo, I., M. Piazzai, S. Benucci, E. Kuzminsky, M.
Sabatti, G.S. Mugnozza and R. Muleo. 2007. Functional
characterization of three Italian Populus alba genotypes
under salinity stress. Trees-Struct. Funct. 21:465-477.
Bhaskar, G. and H. Bingru. 2014. Mechanism of Salinity
Tolerance in Plants Physiological, Biochemical, and
Molecular Characterization. Int. J. Genomics. 2014:1218.
Bilski, J.J., D.C. Nelson and R.L. Conlon. 1988. Response of
six wild potato species to chloride and sulfate salinity.
Am. Potato J. 65:605–612.
Brugnoli, B. and M. Lauteri. 1991. Effects of salinity on
stomatal conductance, photosynthetic capacity, and
carbon isotope discrimination of salt tolerant Gossypium
hirsutum and salt sensitive Phaseolus vulgaris C3 nonhalophytes. Plant Physiol. 95:628–635.

7

Yousaf, Ahmad, Haq, Siddiqui, Khaliq & Berlyn
Hossain, M.D. and A.A. Nuruddin. 2016. Soil and Mangrove.
A Review. Int. J. Environ. Sci. 9: 198-207.
James, R., A. Rivelli, R. Munns and C.S. Von. 2002. Factors
affecting CO2 assimilation, leaf injury and growth in
salt-stressed durum wheat. Funct. Plant Biol. 29:13931403.
Jiang, X., W. Qi, X. Xu, Y. Li, Y. Liao and B. Wang. 2014.
Higher soil salinity causes more physiological stress in
female of Populus cathayana cuttings. Acta. Ecol. Sin.
34:225-231.
Jose Ramón, A.M., O. Maria Fernanda, B.C. Agustina, D.V.
Pedro, S.B. Maria Jesus and H. Jose Antonio. 2017. Plant
Responses to Salt Stress: Adaptive Mechanisms. Agron.
7:1-18.
Junbo, X., S. Yan, Y. Qingchuan, T. Hong, Z. Heshan, L.
Yang, C. Mingxin. 2017. Proteomic analysis of early salt
stress responsive proteins in alfalfa roots and shoots
Proteome Sci.17:15-19.
Karimi, H.R. and R.M. Kuhbanani. 2014. Evaluation of interspecific hybrid of P. atlantica × P. vera cv. ‘BadamiRize-Zarand’ as pistachio rootstock to salinity stress
according to some growth indices, Eco physiological and
biochemical parameter. J. Stress. Physiol. Biochem.
10:5-17.
Khalil, A., M. Saqib, J. Akhtar and R. Ahmad. 2012.
Evaluation and characterization of genetic variation in
maize (Zea mays L.) for salinity tolerance. Pak. J. Agri.
Sci. 49:521-526.
Koyro, H.W. 2006. Effect of salinity on growth,
photosynthesis, water relations and solute composition of
the potential cash crop halophyte Plantago coronopus
(L.). Environ. Exp Bot. 56:136-146.
Kramer, P.J. 1983. Water Relations of Plants. New York.
Academic Press. Inc. pp. 489.
Li, Z., M. Bian, Z. Wu, X. Zhang, Q. Yang and C. Huang.
2011. Isolation and drought tolerant function analysis of
ZmPti1-1, a homologue to Pti1, from maize (Zea mays
L.). Afr. J. Biotechnol. 10:5327-5336.
Maas, E.V. and G.J. Hoffman. 1977. Crop salt tolerancecurrent assessment. J. Irrig. Drain. Div. ASCE.103:115134.
Mahmood, K., G. Sarwar, N. Hussain, H. Schmeisk and S.
Muhammad. 2009. Effect of soil salinity and sodicity on
growth parameters of Acacia ampliceps. Pak. J. Agric.
Res. 22:132-139.
Marler, T. and Y. Zozor. 1996. Salinity influences
photosynthetic characteristics, water relations, and foliar
mineral composition of Annona squamosa L. J. Amer.
Soc. Hort. Sci. 121:243-248.
Martínez-Alcántara, B., M.R. Martínez-Cuenca, A.
Quiñones, D.J. Iglesias, E. Primo-Millo and M.A.
Forner-Giner. 2015. Comparative expression of
candidate genes involved in sodium transport and

compartmentation in citrus. Environ. Exp. Bot. 111:5262.
Misra, N. and U.N. Dwivedi. 2004. Genotypic difference in
salinity tolerance of green gram cultivars. Plant Sci. 166:
1135-1142.
Munns, R. 2002. Comparative physiology of salt and water
stress. Plant. Cell. Environ. 25:239-250.
Munns, R. and M. Tester. 2008. Mechanisms of salinity
tolerance. Ann. Rev. Plant Biol. 59:651-681.
Nabil, M. and A. Coudret. 1995. Effects of sodium chloride
on growth, tissue elasticity and solute adjustment in two
Acacia nilotica subspecies. Physiol. Plant. 93:217-224.
Nawaz, M.F., S. Gul, M.A. Tanvir, J. Akhtar, S. Chaudary
and I. Ahmad. 2016. Influence of NaCl salinity on Pb
uptake behavior and growth of river red gum tree
Eucalyptus camaldulensis . Turk J. Agri. For. 40:425432.
Negrao, S., M.S. Schmöckel and M. Tester. 2017. Evaluating
physiological responses of plants to salinity stress. Ann.
Bot. 119:1-11.
Noureen, S., M. Arshad, K. Mahmood and M. Y. Ashraf.
2008. Improvement in fertility of nutritionally poor sandy
soil of Cholistan Desert, Pakistan by Calligonum
Polygonoides Linn. Pak. J. Bot. 40:265-274.
Parida, A.K., A.B. Das and B. Mittra. 2003. Effects of NaCl
stress on the structure, pigment complex composition and
photosynthetic activity of mangrove Bruguiera
parviflora chloroplasts. Photosynthetica. 41:191-200
Parida, A., A. Das and B. Mittra. 2004. Effects of salt on
growth, ion accumulation, photosynthesis and leaf
anatomy of the mangrove, (Bruguiera parviflora). TreesStruct. Funct. 18:167-174.
Parida, A.K. and A.B. DAS. 2005. Salt tolerance and salinity
effects on plants: a review. Ecotox. Environ. Safe.
60:324-349.
Parida, A.K., S.K. Veerabathini, and A. Kumar and P.K.
Agarwal. 2016. Physiological, Anatomical and
Metabolic Implications of Salt Tolerance in the
Halophyte Salvadora persica under Hydroponic Culture
Condition. Front. Plant Sci.7:351.
Poustini, K. and A. Siosemardeh. 2004. Ion distribution in
wheat cultivars in response to salinity stress.
Field.Crop.Res.85:125-133.
Qureshi, A.S., P.G. McCornick, M. Qadir and Z. Aslam.
2008. Managing salinity and waterlogging in the Indus
Basin of Pakistan. Agr. Water Manage. 95:1-10.
Rafiullah, M. R. M. 2006. Antidiabetic activity of some
Indian medicinal plants. Pharm. Biol. 44:95-99.
Rahimi, R., A. Mohammakhni, V. Roohi, N. Armand. 2012.
Effects of salt stress and silicon nutrition on chlorophyll
content, yield and yield components in fennel
Foeniculum vulgar Mill. Int. J. Agric. Sci.4:1591-1595.
Renault, S., C. Croser, J. Franklin and J. Zwiazek. 2001.
Effects of NaCl and NaSO on redosier dogwood Cornus

8

Soil salinity and reclamation potential of agroforestry trees
stolonifera Michx seedlings. Plant and Soil. 233:261268.
Richards. 1954. U.S. Salinity Laboratory Staff. Diagnosis and
improvement of saline and alkali soils. U.S. Department
of Agriculture Handbook No. 60:1-60.
Romero-Aranda, R., T. Soria and J. Cuartero. 2001. Tomato
plant water uptake and plant water relationships under
saline growth conditions. Plant Sci. 160:265-272.
Saqib, M., C. Zorb and S. Schubert. 2006. Salt-resistant and
sensitive wheat genotypes do not show very different
biochemical reaction at the level of proteins in the first
phase of their response to NaCl salinity. J. Plant Nutr.
Soil Sci. 169:542-548.
Safdar, U. 2012. Securing Livelihoods in the realm of climate
change and food security. A case Study of Kaghan
Valley. M. Sc. (Hons.) Thesis. Dept. of Agri. Ext. Univ.
of Agric. Faisalabad, Pakistan. p. 91.
Sairam, R.K. and G.C. Srivastava. 2002. Changes in
antioxidant activity in sub-cellular fractions of tolerant
and susceptible wheat genotypes in response to long term
salt stress. Plant Sci. 162: 897-904.
Sairam, R.K., K.V. Roa and G.C. Srivastava. 2002.
Differential response of wheat cultivar genotypes to long
term salinity stress in relation to oxidative stress,
antioxidant activity and osmolyte concentration. Plant
Sci. 163:1037-48.
Sha, Y., Z. Luying, Y. Jianmei, Z. Jialei, G. Feng, G. Yun, W.
Quan, Y. Fangyuan, W. Shubo and L. Xinguo. 2019.
Peanut genes encoding tetra pyrrole biosynthetic
enzymes, AhHEMA1 and AhFC1, alleviating the salt
stress in transgenic tobacco. Plant Physiol. Bioch. 10:1016.
Tan, Z., Z. Zhenzhong, L. Yuanhang and H. Kangning. 2019.
The Effects of Saline Stress on the growth of two shrub
species in the Qaidam basin of Northwestern China.
Sustainability. 11:828.
Teakle, N.L., N. Bazihizina, S. Shabala, T.D. Colmer, E.G.
Barrett-Lennard, A. Rodrigo Moreno and A.E. Lauchli.
2013. Differential tolerance to combined salinity and O 2
deficiency in the halophytic grasses Puccinellia ciliata
and Thinopyrum ponticum: the importance of K+
retention in roots. Environ. Exp. Bot. 87:69-78.

Turan, M.A., A.H.A. Elkarim, A. Taban and S. Taban. 2010.
Effect of salt stress on growth and ion distribution and
accumulation in shoot and root of maize plant. Afr. J.
Agric. Res. 5:584-588.
WAD. 2018. World Atlas of Desertification. Soil salinization.
Wang, W.B., Y.H. Kim, H.S. Lee, K.Y. Kim, X.P. Deng, and
S.S.K. wak. 2009. Analysis of Antioxidant Enzyme
Activity During Germination of Alfalfa under Salt and
Drought Stresses. Plant Physiol. Biochemist. 47:570577.
Wang, W., R. Wang, Y. Yuan, N. Du and W. Guo. 2011.
Effects of salt and water stress on plant biomass and
photosynthetic characteristics of Tamarisk (Tamarix
chinensis) seedlings. Afr. J. Biotechnol.10:17981-17989.
Wicke, B., E. Smeets, V. Dornburg, B. Vashev, T. Gaiser, W.
Turkenburg and A. Faaij. 2011. The global technical and
economic potential of bioenergy from salt-affected soils.
Energy Environ. Sci. 4:2669-2681.
Willadino, L.G., and T.R. Camara. 2005. Aspectos
fisiol´ogicos do estresse salino em plantas. Estresses
ambientais: danos e benefıcios em plantas. UFRPE,
Imprensa Universit´aria. 118-126.
World Bank. 2006. Pakistan strategic country environmental
assessment. volume II. World Bank Washington, DC.
Yang, F., X.W. Xiao, S. Zhang, H. Korpelainen and C.Y. Li.
2009. Salt stress responses in Populus cathayana Rehder.
Plant Sci. 176:669-677.
Yousaf, M.S., T.H. Farooq, I. Ahmad, M.G. Matoor, M.H.
Rashid, N.P. Gautam, M. Asif and P. Wu. 2018. Effect of
drought stress on the growth and morphological traits of
Eucalyptus camaldulensis and Eucalyptus citriodora.
Biol. Res. 3:85-91.
Yue, Y. 2012. SOS1 gene overexpression increased salt
tolerance in transgenic tobacco by maintaining a higher
K+/Na+ ratio. J. Plant. Physiol.169:255-261.
Zhu, M., L. Shabala, T.A. Cuin and X. Huang. 2016. Nax loci
affect SOS1 like Na+/H+ exchanger expression and
activity in wheat. J. Exp. Bot.67:835-844.
Zushi, K., N. Matsuzoe and M. Kitano. 2009. Developmental
and tissue-specific changes in oxidative parameters and
antioxidant systems in tomato fruits grown under salt
stress. Sci. Hort. 122:362-368.

9

