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ABSTRACT

Soil alkalinity is one of the major constraints affecting the structural and functional
attributes of plant species. Melia dubia is an important multipurpose tree species of
the Asian sub-continent, and it is capable of growing on different kinds of soils.
However, no data are available on the growth and productivity of species in the
alkali soil conditions. Therefore, the present study examined the effect of different
alkalinity (pH2 8.5, 9.0, 9.5, and 10) levels on the growth, phenology, morphology,
physiology, and ion homeostasis of M.dubia. Results revealed that all the alkalinity
levels significantly (P<0.05) affected the plant growth of M. dubia. We observed
optimum plant growth up to pH 9.0, thereafter growth decreased moderately (pH
9.5) to high (pH 10) with the increased salt stress. The number of leaves and
branches also decreased with the increased salt stress, and their seasonal senescence
and subsequent emergence, can be a strong indicator of the species salt tolerance.
Morphological parameters such as internodal length, petiole length, leaf length,
and leaf width decreased (P<0.05) under alkaline conditions. Results further
indicated that increased salt stress had an adverse effect on the photosynthetic
rate, stomatal conductance, internal CO2 concentration, and transpiration rate in
M. dubia. In leaf tissues, we found increased (P<0.05) Na+ ion and Na+/K+ ratio,
and decreased K+ ions with the increasing soil pH levels. Moreover, the present
results explained that increasing alkali stress significantly affected the physiological,
phenological, morphological, and growth pattern of the M. dubia. Therefore, the
findings of the present experiment concluded that M. dubia could be grown in the
salt-affected soils of pH 9.0.
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INTRODUCTION
Soil alkalinity is one of the major constraints for
the success of afforestation because of negatively
affects tree growth and biomass production (Singh,
2009). Alkalinity adversely affects the world’s
agricultural land area, and the problem is increasing
every year because of anthropogenic and human
activities (Zhang, 2014; Bhardwaj, 2019). Alkalinity
affects plant growth because of poor soil physical
conditions, low water availability, nutrient
imbalance, and toxicity of ions (Gentili, 2018). High
salt stress due to non-essential toxic elements in
glycophytes, reduces growth and modifies the
morpho-physiological and biochemical traits of the

plants (Parida et al., 2016). Moreover, the decline in
crop productivity because of alkalization promoting
the interest in raising tree plantations, which can
provide many multifarious ecological and economic
benefits to the regional population (Kumar et al.,
2020).
Soil alkalinity presents a notable challenge to
agriculture, which may be a consequence of
sodification caused due to anthropogenic or human
activities, due to the repeated cycles of wetting and
drying, weathering of aluminosilicates, presence of
shallow brackish groundwater, and high RSC water
use for irrigation (Sharma and Singh, 2015). Saltaffected soils mostly contain Na+, K+, Ca2+ and
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Mg2+cations, and the CO3-2 and HCO3-1 (alkali), and
Cl- and SO42- (saline) as dominant anions (Gupta
and Abrol, 1990). Alkalinity stress in soils causes
poor water and air permeability, low water
availability, hard crust formation, high erosion,
reduced microbial activity, Ca 2+ deficiency, less
availability of Zn and Fe, and toxicity of Na+, HCO3and CO32-ions (Minhas et al., 2020).
Salt stress is a major abiotic factor that severely
affects plant growth and productivity worldwide.
Soil salts in the rhizosphere strongly influence
nutrient uptake, organic acid balance, ion
homeostasis, and especially stability at the cell,
tissue, and organ levels (Wang, 2009). Ion
homeostasis and nutrient imbalances cause
alteration of physiological and biochemical processes
in plant species (Guo et al., 2010). Under high salt
stress, a reduction in stomatal conductance and
transpiration rate causes a decrease in the
photosynthetic rate (Wang et al., 2013). Above
threshold level, toxic ions accumulation causes a
reduction in leaves and branches, leaf area, petiole
length, and intermodal length (Rahneshan et al.,
2018). Based on salt tolerance, tree species have
been categorized as sensitive, moderately tolerant,
highly tolerant, and extremely high tolerant (Tomar
et al., 2003; Dagar, 2014). Once tree species are
subjected to alkali stress, their growth and
productivity is severely affected; however, different
EC and pH levels have a varied effect on the plant
structure and functional attributes (Banyal et al.,
2017). Therefore, determining an optimum range of
salt tolerance in tree species is immensely important
for obtaining greater ecological and economic
benefits, and enhancing land productivity.
Melia dubia Cav. is grown extensively in the
tropical and subtropical regions of India, South East
Asia, China, and Australia (Kumar et al. 2017).
Assessing the growth potential of Melia under alkali
stress conditions is required for the productive use of
these degraded lands. There is an urgent need to
bring these lands under tree plantations for achieving
greater ecological and economic benefits from the
degraded ecosystems. The opportunity exists to
transform these lands into agroforestry, and the treebased business opportunity could be explored
through developing the management practices.
Previous studies on the effect of salt stress on growth
in Melia plants have been reported (Kumar et al.,
2021); however, detailed studies for the change in
morpho-physio-biochemical parameters induced

under alkalinity stress is completely lacking. The
detailed study of these parameters will provide
information about the mechanism involved in
developing salt tolerance in the species. It is
important to assess the range of alkali salt tolerance
in the species to design the site-specific plantation
programs for achieving greater environmental and
financial benefits. Based on the existing literature
and knowledge gap, we hypothesized that alkali
stress induce accumulation of toxic ions that causes
the physiological disruption, biochemical alteration,
and morphological modification that affect the
overall growth and development of plants. The
objective of the study was (i) to observe the effect of
salt stress on growth, morphology, and phenology
and, (ii) to analyze the change in physiological and
biochemical parameters of Melia dubia under salt
stress.
MATERIALS AND METHODS
Experimental site: The experiment was conducted
during 2018, 2019, and 2020 at ICAR-Central Soil
salinity Research Institute, Karnal, India (29°84′30′′
N; 76°85′80′′E′; 245m amsl). The regional climate is
semi-arid, characterized by winters (November to
March) and summers (April to October) seasons. A
mean monthly maximum temperature of 38.6°C was
recorded during the May month, while the mean
monthly minimum temperature of 5.8°C during the
January month. The mean annual precipitation was
1388 mm, with 80% receives during the rainy season
(July–September). The experiment was started
during Aug-Sept (rainy season) month, which
continued during Oct-Nov (autumn), Dec-Jan
(winter), Feb-March (spring) and terminated during
April month (Summer).
Imposition of salt stress: In the alkalinity
experiment, soil brought from outside (pH2 7.7; ESP4.0) was sieved, made homogenous, and spread in
uniform layers on the polythene sheets. NaCO3
solution (respective quantity of Na 2 CO 3 was
dissolved in water) was added proportionally to
make different pH2levels of 8.5 (ESP-10), 9.0 (ESP20), 9.5 (ESP-40), and 10.0 (ESP-85), following the
methodology described by Gupta et al. (2018). After
maintaining the different levels of pH, soils of the
required quantity were filled in the pots.
Planting material and Seedling transplanting. For
experimenting, seeds of Melia dubia were collected
during February 2018 from US Nagar, Uttarakhand
(29°03′N; 79°27′E at 298m asl). Seeds were
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germinated and after 10 days, the seedlings were
transplanted in polybags containing the growing
mixture. In August 2018, three-month-old uniformly
grown saplings of M. dubia were transplanted in
plastic pots, each containing 10 kg soils of four
different pH levels. Fifteen seedlings (replication)
were planted at each soil pH level and control. A
total of 75 seedlings were planted at different pH
(8.5, 9.0, 9.5, and 10) levels and in control. Seedlings
were uniformly watered (every alternate day in
summer and after four days in winter), and weeding
operation was carried out every week.
Measurement of soil pH: Soil pH (8.5, 9.0, 9.5, and
10) of all the levels and control were measured every
month. For that, 20 g of the dried, ground, and
sieved soil was mixed with 40 mL distilled water to
make suspension for measuring the pH2 using pH
meter (Jackson, 1973).
Growth measurement: The growth and
morphological traits viz., seedling height, collar
diameter, number of leaves, number of branches,
leaf length, leaf width, internodal length, and petiole
length of each M. dubia seedlings were examined
monthly from August to April for 2 years (2018-19
and 2019-20). The plant height, maximum leaf
length, maximum leaf width, internodal length, and
petiole length were measured using a measuring
scale. Collar diameter was measured using a digital
vernier caliper. The quantitative determination was
also made for the number of branches per plant, the
number of leaves per branch, and bud formation and
apical shoot initiation. All the parameters were
recorded in each alkalinity level.
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digested the next day on a hot plate at 420°C until
the production of red NO2 fumes ceased. After
allowing the samples to cool down at ambient
temperature, they were filtered through Whatman
filter paper no. 42, and the final volume was made to
50ml by adding double-distilled water. The ions of
Na+, K+ are then determined in these samples using
a flame photometer and Ca2+and Mg2+ by the Atomic
Absorption Spectrometry (ZEEnit 700 P, Analytik
Jena, Germany).
Experimental design and data analysis: All results
were analyzed for four alkalinity levels and
compared to normal soil (control). The data were
subjected to one-way analysis of variance using SPSS
17.0 software (SPSS, Chicago, IL, USA). A p-value
smaller than 0.05 was considered to be statistically
significant.
RESULTS
Seedling growth: Our results observed that the
increased alkalinity (pH) levels decreased the
seedlings’ height and diameter growth of Melia.
Effect of alkalinity stress showed that the decrease in
(P<0.05; Fig. 1) height and collar diameter growth

Physiological measurement: As an indicator of
abiotic stress in plants, physiological parameters,
such as internal CO2 concentration, photosynthetic
rate, stomatal conductance, and transpiration rate
were measured using LI-6800 Portable
Photosynthetic meter at a tri-monthly basis (Oct,
Jan, April). The observations were taken on the fully
developed matured leaves of Melia plant in various
alkalinity treatments.
Biochemical analysis: Fresh leaf samples were
collected in paper envelopes for biochemical
analysis; stored in an oven at 60°C for proper drying
to a constant weight, which further ground and
homogenized to a fine powder using pestle and
mortar. For further analysis, 0.1 g of samples were
taken in a 25mL conical flask and a 10 mL di-acidic
mixture (HNO3:HClO4, 3:1, volume ratio) is added
to each flask and kept overnight. The samples were

Fig. 1. Effect of alkalinity (pH) on plant height and collard
diameter growth (mean, n=15). Bars with similar letters are
non-significantly different at P<0.05
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Fig. 2. Effect of alkalinity (pH) on the number of branches
and leaves of M. dubia during the different seasons (mean,
n=15)

were highest at pH 10, moderate at 9.5, and low at
pH 9.0 and 8.5, compared to control (pH 7.7). In
absolute terms, height and diameter growth at pH
10, 9.5, 9.0 and 8.5 was recorded 57%, 34%, 10%,
5% and 54%, 27%, 10%, 3% lower, respectively,
compared to control (pH 7.7). On the other hand,
compared to control (pH 7.7), minimum reduction
(P<0.05; Fig. 2) in number of branches and leaves
was observed at pH 8.5, followed by pH 9.0 and pH
9.5, while the maximum reduction was recorded at
pH 10. In quantitative terms, number of branches
and leaves at pH 8.5, 9.0, 9.5, and 10 decreased by
8%, 21%, 27%, 30% and 10%, 17%, 21%, 49%,
respectively, compared to control (EC 2dS/m).
These results showed that the increased alkalinity
negatively affected the growth of M. dubia seedlings.
Plant phenology: We analyzed monthly changes in
phenology of Melia to evaluate the effect of alkalinity
stress on a number of leaves (per branch) and
branches (per plant) by growing seedlings at different
levels of alkalinity (pH). As salt treatment was
executed during September month of each year, the
significant differences in both the parameters were

Fig. 3. Effect of alkalinity (pH) on the bud formation and
apical shoot initiation of M. dubia during the spring season
(mean, n=15). Bar with similar letters are non-significantly
different at P<0.05

observed after Oct month only. Early senescence (in
autumn) and late initiation (in spring) of leaves and
branches were observed at higher-level alkalinity,
compared to lower alkalinity levels and control (Fig.
3). Likewise in control, bud formation and apical
shoot initiation were observed earlier during the
spring season, compared to the alkalinity levels.
Therefore, salt treatments altered the phenological
characteristics in the M. dubia.
Plant morphology: Effect of salt stress on
morphological parameters of Melia showed that the
internodal length, petiole length, leaf length, and
leaf width significantly (P<0.05; Fig. 4) decreased
with the increasing alkaline stress from control to
EC 12. Under alkalinity stress, the reduction in
internodal length, petiole length, leaf length, and
leaf width was observed to the level of 8-31%, 2169%, 8-44%, and 14-49%, respectively, compared to
control (pH 7.7). Therefore, our results demonstrated
that the morphological parameters of M.dubia are
modified under alkalinity stress conditions.
Physiological processes: We observed that all the
physiological processes significantly declined along
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with the increased salt stress in plants. At 8.5, 9.0,
9.5, 9.7, and 10.0 pH, we observed that decrease
(P<0.05; Table 1) in the photosynthetic rate,
stomatal conductance, internal CO2 concentration,
and transpiration rate was ranged between 6-45%,
15-38%, 14-54%, and 7-39%, respectively, compared
to the control (pH 7.7). These results indicated that
salt treatment-induced changes in physiological
processes in the M. dubia seedlings.

Fig. 4. Effect of alkalinity (pH) on the internodal length,
petiole length, leaf length, and width of M. dubia (mean,
n=15)

Ion homeostasis: We estimated the Na+, K+, Ca2+,
and Mg2+ concentrations in leaves under varying
alkalinity levels. Under alkaline stress, with
increased pH levels from 7.7 (control) to 10, we
found a marked increase (P<0.05; Fig. 5)) in Na+
and Na+/K+ ratio in leaf tissues, while a decrease in
K+and Ca2+accumulation was observed. Moreover,
we found variable trends of Mg2+ and Ca/Mg ratio
with increased soil pH levels. These results showed

Table 1. Effect of alkalinity on photosynthetic rate, stomatal conductance, internal CO2 concentration, and transpiration rate in
M. dubia (mean± SD, n=15)
Treatment

Control
8.5
9.0
9.5
10.0

Photosynthetic
rate(µ mol m-2 s-1)

Stomatal
conductance
(mol m-2s-1)

Transpiration rate
(m mol m-2s-1)

Internal CO2
concentration
(ppm)

36.7a±4.2
34.6a±3.9
31.2b±2.8
30.8b±2.4
20.3c±4.8

0.60a±0.5
0.51b±0.6
0.44b±0.6
0.43b±0.4
0.23c±0.7

6.21a±1.4
5.37ab±1.3
4.76b±0.9
4.35b±0.7
2.91c±0.7

165.7a±6.5
154.5b±7.2
133.7c±8.5
126.6c±6.5
102.2d±9.2

Means with similar latter are non-significantly different at P≥0.05.

Fig. 5. Effect of alkalinity (pH) on the cation accumulation in the leaf tissue of M. dubia (mean ± SD, n=15). Under a
particular parameter, the bars with similar letters are non-significantly different at P<0.05
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that the salt stress affected the cations accumulation
in the M. dubia seedlings grown under the saltstressed environments.
DISCUSSION
Alkali soil stress adversely affects the
establishment and productivity of plant species. All
the structural attributes and functional processes are
involved in one or more activities in the plant
systems. Once plants are subjected to salt stress,
morpo-physio-biochemical modifications occur,
which affects the various growth and development
processes in the plant systems. Therefore, it is of
utmost importance to assess the performance of plant
species in salt stress conditions for devising the tree
plantation programs in salt-affected soils.
In this study, we assessed the effect of alkalinity
stress on the growth increment of Melia dubia. We
observed that the height and diameter growth
increment were almost constantly decreased in
response to alkali stress (Fig. 6). Specifically,
reduction in height and collar diameter growth was
less at pH 8.5 and 9.0, moderate at 9.5, and high at
pH 10. Height and diameter growth increment was
satisfactory up to pH 9, but declined afterward up to
pH 10. It can be interpreted from the result that M.
dubia could be grown successfully at pH 9.5 under
alkali conditions, with a slight reduction in the
growth rate. M. dubia could survive even at pH 10,
but without any substantial increment in the plant
growth. Kumar et. al., (2021) also reported the

satisfactory growth rate of Melia under the salinity
stress conditions. In addition, a large number of tree
species have been screened and were found tolerant
under moderate salt stress conditions (Tomar et al.,
2003; Dagar, 2014). The determination of a suitable
pH range for Melia growth could be helpful in
planning plantation programs in the salt-affected
soils. Moreover, satisfactory plant growth in saltaffected soils is important for the restoration and
sustainable utilization of these lands. The results
indicated that alkali stress decreased the growth of
Melia dubia saplings.
Both phenological parameters declined with
increasing pH levels during each month. The results
showed that a decrease in the number of leaves and
number of branches at pH 10 was more pronounced
than in control. The initially less difference in these
parameters created overlapping trends, and after
November, as a consequence of the effect of salt
stress, the difference become more and more clear.
The seasonal change in regional climate produces
the month-wise variation at each pH level.
Senescence in leaves and branches was initiated
during October month, and both were minimum
during January (peak winter), and the emergence of
new leaves and branches initiated during midFebruary (spring season). During February month,
the effect of alkali salt stress on the no. of branches/
leaves becomes visible. Such behavior has been
previously described in Persea americana Mill. and
Oenanthe javanica species which showed decreased

Fig. 6. The growth and phenology of typical representatives of the plants under different soil pH
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no of branches and leaves under salt stress (Bernstein
et al., 2000; Kumar et al., 2021). Another important
interesting could be the post-winter apical shoot
initiation and bud bursting which might also serve
as a good indicator for the salt tolerance in Melia. As
our results also showed extremely delayed shoot
initiation at pH 10, indicating non-performance
under such conditions. Thus, the timing of shoot
initiation can indirectly provide an idea about the
relative salt tolerance in the tree species. Therefore,
alteration in phenological processes could affect the
growth performance and physiology of Melia.
The morphological parameters, such as leaf
length and width, and petiole and internodal length
decreased with increasing pH levels of M. dubia. The
high soil pH creates ionic imbalance, which alters
the physiological and biochemical processes, and
thereby change in morphological parameters was
observed. A leaf is directly involved in regulating all
the physiological processes in plants, and therefore a
critical pH level needs to be determined, and beyond
which these processes are severely affected, that led
to the negative effect on plant growth. Our results
showed that up to pH 9, morphological parameters
were non-significantly affected, above which pH had
the significant effect. Similar results were reported
by Bhattarai (2020) who reported that salt stress
decreases morphological parameters of plants under
alkali conditions. Thus, we suggest that the increase
in pH alters the morphological parameters of Melia.
Similar results on a decrease in the plant
morphological parameters under alkali stress were
presented by Yu et al. (2015) and Mzabri et al. (2017).
Thus, we suggest that increased salt stress alters the
morphological parameters, which ultimately affect
the growth pattern in Melia.
Our results showed that increasing alkali salt
stress adversely affected the physiological processes,
leading to the decline in the photosynthetic rate,
stomatal conductance CO 2 concentration, and
transpiration rate in M. dubia. Hnilickova (2021)
found a similar reduction in photosynthetic rate and
CO2 assimilation in Portulaca oleracea L irrigated with
increasing concentrations of the salts. Both stomatal
and non-stomatal limitations cause the alteration in
the photosynthetic rate under salt stress
(Paranychianakis & Chartzoulakis, 2005). The
specific-ion accumulations cause closure of stomata
and reduction in stomatal conductance that led to
subsequently decrease in the photosynthetic rate,
internal CO2 concentration, and transpiration rate.
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Previous studies have also observed that an increase
in salt stress induce degradation of physiological
processes in the plants (Acosta-Motos et al., 2017:
Cirillo et al., 2016; Stepien and Johnson, 2009 and
Álvarez et al., 2014)
Under alkalinity stress, the analysis showed an
increase in Na+, Na+/K+, and Ca2+ions concentration
in leaf tissues at higher salt stress, except for K+
which declined with the increase in pH. Further,
variable trends in Ca2+, Mg2+, and Ca2+/Mg2+ ratio
were observed at all the pH levels. The increase in
Na+ ion concentrations affects the K+ and Ca 2+
uptake; because of competition among the ions for
the same binding sites. This fact can be attributed to
their physicochemical similarity, which promotes
ionic competition for binding sites on membrane
transporters (Zhu 2003). Our results are similar to
existing reports regarding reduced uptake of K+ and
Ca2+ under moderate and high salt stress conditions.
Maintaining Na+ and K+ homeostasis is critical in
regulating the intracellular Na+ content to prevent
toxicity. Moreover, maintaining Na + and K +
homeostasis is critical in regulating the intracellular
Na+ content to prevent toxicity. The amount of Na+
absorbed exceeds that of Na+ extruded through the
plasma membrane cation channels, leading to
excessive Na+ toxicity events, which leads to damage
to the systems that absorb and utilize Ca2+ and K+
ions. Damage to these systems negatively affects
plant growth and development, since Ca2+ and K+
are essential for various physiological and
biochemical processes (Hasanuzzaman, 2018).
Results further showed that both Ca+ and Mg+ ions
increased in leaf tissues and proportionally same
increases in both the ion shows competitiveness to
each other. An increase in Mg + concentration
compares to Ca+ causes later’s deficiency which
could harm plant physiological processes.
CONCLUSION
In this study, we provided an overview of the
systematic responses of M. dubia under different
intensities of salt stress. Our findings showed that
salt stress causes changes in the physiological,
phenological, morphological, and growth patterns
of M. dubia. We recommend M.dubia for moderately
salt-affected soils of pH 9.0 and with 30-35% growth
reduction at pH 9.5. A better understanding of how
complex stresses affect plants is important for future
genetic manipulation to increase the growth and
productivity of Melia. Elucidating the mechanism of
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salt tolerance in Melia will further provide an idea
for developing salt-tolerant varieties in future.
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