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ultivable soils are declining

worldwide, including in Pak-

istan, due to increasing soil

salinity, which poses a serious

threat to agricultural produc-
tivity and food security. An effective
strategy to mitigate this challenge is the
identification of salt-tolerant agroforestry
tree species suitable for salt-affected soils.
Therefore, the present study was con-
ducted to evaluate the growth potential of
two agroforestry tree species, Fucalyptus
camaldulensis and Syzygium cumini, under
salt stress conditions during a seventy-
day experimental period in saline soils of
Bahawalpur, Pakistan.

Three salinity treatments were imposed us-
ing sodium chloride at control, moderate,
and high levels, following a Randomized
Complete Block Design (RCBD) with fac-
torial arrangement and three replications.
Growth parameters including plant height,
stem diameter, number of leaves, and total
biomass were recorded, and soil properties
were analysed before and after planting.

Salinity significantly influenced growth re-
sponses in both species. Plant height ex-
hibited a non-linear response to salinity,
with maximum values recorded at moder-
ate salinity levels, indicating tolerance to
mild salt stress. Fucalyptus camaldulen-
sis showed superior growth performance
across most parameters compared to Syzy-
gium cumini, particularly under moderate
salinity conditions, while high salinity lev-
els resulted in growth reduction in both
species. The findings suggest that Euca-
lyptus camaldulensis possesses greater tol-
erance to saline conditions and may be a
suitable species for agroforestry practices
in salt-affected soils.
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Introduction

Interest in understanding salt stress has
increased rapidly worldwide, as salinity
has emerged as a major environmental
factor limiting agricultural productivity
and contributing to global food insecurity.
Estimates indicate that approximately 45
million hectares of irrigated land world-
wide are affected by salinity (World Bank,
2006; Hasanuzzaman et al., 2014). Pak-
istan ranks eighth globally in terms of land
affected by salinity (FAO, 2005; Corbishley
& Pearce, 2007). The extent of salinity
continues to expand due to multiple in-
teracting factors, and it is expected that
increased attention will be directed toward
research in this area in the future.

Salinity has become a major land degra-
dation issue, particularly in regions with
inefficient irrigation practices within canal
command areas (Dagar & Krishi, 2018).
High salt concentrations in soil adversely
affect plant growth by disrupting key phys-
iological processes, including photosynthe-
sis, protein synthesis, energy metabolism,
and lipid metabolism (Parida & Das, 2005).
Salinity stress influences plants through
several mechanisms, such as osmotic stress,
ion toxicity, nutrient imbalance, oxidative
stress, metabolic disruption, membrane in-
stability, reduced cell division, inhibited
growth, and genotoxic effects (Hasegawa &
Bressan, 2000).

Plants employ various adaptive strategies
to survive under saline conditions, includ-
ing the exclusion or compartmentalisation
of salt ions at the root surface. However,
these mechanisms are metabolically expen-
sive and energy intensive. Any factor that
reduces the efficiency of these processes
can negatively influence plant growth and
stress tolerance. In addition, environmen-
tal stresses such as flooding can further ex-
acerbate salinity effects by limiting oxygen
availability in the soil, thereby restricting
energy production and impairing root func-
tion (McFarlane et al., 1989). Under saline
and waterlogged conditions, the ability of
roots to exclude salts is reduced, leading
to increased salt uptake and accumulation
in plant tissues (Barrett-Lennard, 1986).

Certain plant species, particularly halo-
phytes and stress-tolerant woody peren-
nials, exhibit enhanced growth at low to
moderate salinity levels, while growth de-
clines at higher concentrations. This re-
sponse reflects physiological adaptation to
saline environments. Previous studies have
demonstrated that moderate salinity can
stimulate growth in salt-tolerant species,
whereas excessive salinity results in growth
inhibition. For example, Fucalyptus camal-
dulensis and Syzygium cumini have been
reported to exhibit varying degrees of toler-
ance to saline conditions, with differences
in growth performance, water relations,
root architecture, and ion accumulation
patterns (Geoff & Dickinson, 1995; Patil et
al., 2015).

Agroforestry systems offer a promising
approach for the productive use and reha-
bilitation of salt-affected lands. Identifying
tree species capable of tolerating salinity
while maintaining growth and biomass
production is essential for sustainable land
management. Therefore, the present study
was undertaken to evaluate the growth
potential of two agroforestry tree species,
Eucalyptus camaldulensis and Syzygium
cumini, under different salinity levels. The
study aimed to assess their growth re-
sponses and tolerance mechanisms under
saline soil conditions, with a focus on iden-
tifying species suitable for agroforestry
practices in salt-affected regions.

Materials and Methods

Plant material and experimental
site

The experiment was conducted using two
agroforestry tree species, Fucalyptus camal-
dulensis and Syzygium cumini. Plant ma-
terial was collected from the Forest Nurs-
ery and Experimental Area, Department of
Forestry, Range and Wildlife Management,
Bahawalpur, and from a Government Nurs-
ery near Karachi Mor, Bahawalpur, Pak-
istan. Healthy seedlings of uniform age and
size were selected for the experiment.

A total of twenty-one healthy plants were

selected for each species. Three individuals
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of similar age and height were harvested at
the beginning of the experiment to deter-
mine initial growth and biomass parame-
ters, while the remaining plants were used
for control and salinity treatments.

Experimental conditions

The experiment was conducted under a
tree shade structure specifically prepared
for this study. The experimental area mea-
sured 5.5 x 5.5 ft, with a height of approx-
imately 2.5 ft above the ground surface.
The shade structure protected plants from
excessive solar radiation while allowing ad-
equate air circulation. Pots were protected
from rainfall to prevent leaching of salts.
These conditions were maintained consis-
tently throughout the experimental period.

Salinity treatments and experi-
mental design

Three salinity treatments were applied us-
ing sodium chloride to evaluate the effect
of salt stress on plant growth. The treat-
ments consisted of control, moderate, and
high salinity levels. Sodium chloride was
applied at rates corresponding to control
(0.07 g), moderate (0.14 g), and high (0.21
g) concentrations.

The experiment was laid out in a Random-
ized Complete Block Design (RCBD) with
a factorial arrangement, including species
and salinity treatments as factors, and
three replications per treatment.

Soil analysis

Soil samples were collected before planting
and after completion of the experiment to
determine changes in soil properties. Elec-
trical conductivity (EC) of the soil was
measured as an indicator of soil salinity.
Soil electrical conductivity represents the
concentration of soluble salts present in the
soil and is an important parameter for as-
sessing soil health, particularly in semi-arid
and arid regions. The initial electrical con-
ductivity of the soil was recorded as 184
millisiemens per meter.

Growth parameter measurements

Growth parameters were recorded after
completion of the seventy-day experimental
period. Plant height was measured from
the soil surface to the apical tip of the plant.
Stem diameter was measured using a digi-
tal vernier caliper. The number of leaves

perplant was counted manually. Plants
were harvested to determine total biomass,
and fresh weights of stems and roots were
recorded using a digital balance.

Statistical analysis

Data were analysed using analysis of vari-
ance (ANOVA) to evaluate the effects of
species, salinity treatments, and their inter-
action on plant growth parameters. Mean
values were calculated for each treatment,
and standard errors were determined. Dif-
ferences among treatments were considered
statistically significant at P < 0.05.

Results

Effect of salinity on plant height

Salinity treatments significantly influenced
plant height in both species. Plant height
exhibited a non-linear response to salinity,
with maximum values recorded at mod-
erate salinity levels, indicating tolerance
to mild salt stress. In Fucalyptus camal-
dulensis, the greatest mean plant height
was observed under moderate salinity (64.1
cm), followed by control (37.8 cm), while
the lowest height was recorded under high
salinity (26.4 cm). In contrast, Syzygium
cumini showed the highest plant height un-
der control conditions (23.8 cm), followed
by moderate salinity (17.6 cm), with the
lowest values observed under high salin-
ity stress. These results demonstrate that
Fucalyptus camaldulensis exhibited greater
tolerance to moderate salinity compared to
Syzygium cumini, which showed a decline
in plant height with increasing salinity.
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Figure 1: Effect of salinity treatments (con-
trol, moderate, and high) on plant height
of FEucalyptus camaldulensis and Syzygium
cumini. Error bars represent standard er-
ror of the mean.

(o)

Effect of salinity on stem diameter

The effect of salinity stress on stem diame-
ter was statistically significant (P < 0.001).
In Fucalyptus camaldulensis, the maximum
stem diameter was recorded under high
salinity conditions (35.7 mm), followed by
moderate salinity (19.3 mm), while the min-
imum diameter was observed under control
conditions (5.78 mm). In Syzygium cumini,
stem diameter increased with increasing
salinity, with the highest value recorded
under high salinity (8.77 mm), followed by
moderate (5.64 mm) and control conditions
(3.95 mm).

Analysis of variance revealed significant
effects of species, salinity treatment, and
their interaction on stem diameter, indicat-
ing differential responses of the two species
to salinity stress.

Eucalyptus  Syzigium cumini
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Figure 2: Effect of salinity treatments (con-
trol, moderate, and high) on stem diameter
of Bucalyptus camaldulensis and Syzygium
cumini. Error bars represent standard er-
ror of the mean.

Effect of salinity on number of
leaves

The number of leaves per plant was sig-
nificantly affected by salinity stress. In
Fucalyptus camaldulensis, the highest num-
ber of leaves was recorded under control
conditions (70.67), followed by moderate
salinity (18.2), with the lowest number ob-
served under high salinity stress (16.8). In
Syzygium cumini, the maximum number of
leaves was also recorded under control con-
ditions (13.78), while moderate (4.56) and
high salinity (7.56) treatments resulted in
reduced leaf numbers. Analysis of variance
indicated significant effects of species, salin-
ity treatments, and species x treatment
interaction on leaf production, demonstrat-
ing that increasing salinity generally re-

duced leaf number in both species.
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Table 1: Effect of salinity treatments on growth parameters of two agroforestry tree species (mean + SE)

Parameter Species Control Moderate High
Plant height (cm) Eucalyptus camaldulensis  37.8+1.19 64.1+5.53 264+1.24
Syzygium cuming 23.8+0.92 176+0.67 19.0+1.00
Stem diameter (mm) Eucalyptus camaldulensis  5.78 £0.18  19.3+£8.97 35.7+2.35
Syzygium cuminig 395+1.32 5.64+087 877+2.17
Number of leaves (per plant)  FEucalyptus camaldulensis ~ 70.67 +3.78 18.2+1.89 16.8+0.91
Syzygium cuming 13.78 £2.41 4.56+1.45 7.56+0.35
Total biomass (g) Eucalyptus camaldulensis  11.05£0.61 5.56£0.40 5.80 % 0.45
Syzygium cuminig 5.66£0.38 4.43+0.27 3.71+£0.22
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Figure 3: Effect of salinity treatments (con-
trol, moderate, and high) on total biomass
of Bucalyptus camaldulensis and Syzygium
cumini. Error bars represent standard er-
ror of the mean.

Effect of salinity on total biomass
Total biomass was significantly affected by
salinity treatments (P < 0.05). In Fuca-
lyptus camaldulensis, the maximum total
biomass was recorded under control condi-
tions (11.05 g), followed by high (5.80 g)
and moderate salinity (5.56 g). In Syzy-
gium cumini, the highest biomass was also
observed under control conditions (5.65 g),
while moderate (4.43 g) and high salin-
ity (3.71 g) treatments resulted in lower
biomass values. The analysis of variance
showed significant effects of species, salinity
treatments, and their interaction on total
biomass, indicating species-specific varia-
tion in biomass allocation under salinity
stress.

Discussion

The present study evaluated the growth
responses of two agroforestry tree species,

Table 2: Analysis of variance (ANOVA) for growth parameters of two agroforestry

tree species

Parameter Source of variation SS DF MS F-value P-value

Stem diameter Species 76.1558 4 19.039 125.719 < 0.001
Treatment 4.6513 1 4.6513 30.713 < 0.001
Species x Treatment  2.2738 4 0.5684 3.754 0.011
Error 6.0576 40 0.1514

Number of leaves Species 42886.72 3 8499.08 128.21 < 0.001
Treatment 2022.66 2 1132.88 17.09 < 0.001
Species X Treatment 1146.31 3 264.28  3.99 0.008
Error 1912.40 36 66.29

Total biomass Species 398.292 4 99.573 56.854 < 0.001
Treatment 14.574 1 14.574 8.321 0.006
Species x Treatment  44.774 4 11.194 6.391 < 0.001
Error 70.055 40 1.751

Eucalyptus camaldulensis and Syzygium
cumini, under varying salinity levels and
revealed species-specific differences in tol-
erance to salt stress. Salinity significantly
affected all measured growth parameters,
including plant height, stem diameter,
number of leaves, and total biomass, indi-
cating that salt stress plays a critical role
in regulating early growth performance of
agroforestry species.

Plant height exhibited a non-linear re-
sponse to salinity, particularly in Eucalyp-
tus camaldulensis, where maximum height
was recorded at moderate salinity levels.
This response suggests a stimulatory effect
of mild salt stress, reflecting physiologi-
cal adaptation and tolerance mechanisms.
Similar reductions in plant height under in-
creasing salinity stress have been reported
by Punyawardena and Yapa (1991) and
Kayambo et al. (1986), who observed that
elevated salt concentrations generally sup-
press plant growth. However, the enhanced
growth observed at moderate salinity in the
present study supports the concept that
certain woody species can exhibit adaptive
responses under mild stress conditions. In
contrast, Syzygium cumini showed a

decline in plant height with increasing salin-
ity, indicating comparatively lower toler-
ance.

Stem diameter responses further demon-
strated adaptive growth strategies under
salinity stress. In both species, stem di-
ameter increased with increasing salinity
levels, particularly under high salinity con-
ditions. This response may represent a
stress-induced structural adjustment rather
than true growth enhancement, as plants
under stress often allocate resources toward
stem thickening to improve mechanical sta-
bility and stress resistance. Similar obser-
vations of reduced elongation accompanied
by increased stem thickness under stress
conditions have been reported by Kayambo
et al. (1986). However, Gill and Aulakh
(1990) suggested that changes in soil phys-
ical properties, such as bulk density, may
also influence stem diameter, which could
partially explain variation in the present
study.

The number of leaves declined signif-
icantly with increasing salinity in both
species, indicating reduced photosynthetic
surface area under salt stress. These find-
ings are consistent with those of Ngunjiri
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and Siemens (1993), who reported that
stress conditions, including salinity and
moisture deficiency, significantly reduce
leaf production. Reduced leaf number
under salinity stress is a common adaptive
response aimed at minimizing transpira-
tional water loss and ion accumulation.
Total biomass accumulation was highest un-
der control conditions for both species, with
a marked decline under moderate and high
salinity treatments. Biomass reduction un-
der salinity stress has been widely reported
in woody and herbaceous species and is at-
tributed to osmotic stress, ion toxicity, and
impaired metabolic activity (Turner, 1979).
However, the relatively higher biomass re-
tention observed in Fucalyptus camaldulen-
sis compared to Syzygium cumini indicates
greater tolerance and adaptive capacity.
Similar species-specific variation in salin-
ity tolerance has been reported in other
agroforestry and tree species (Abbas et al.,
2013). Overall, the differential responses of
growth traits suggest that salinity tolerance
is trait-dependent and influenced by physi-
ological, morphological, and environmental
factors. Variations in light availability, soil
properties, and microclimatic conditions
may have further contributed to the ob-
served responses during the short experi-
mental period. The results highlight the po-
tential of Fucalyptus camaldulensis to tol-
erate moderate salinity levels and maintain
growth under saline conditions, supporting
its suitability for agroforestry systems in
salt-affected regions.

Conclusion

The present study demonstrated that salin-
ity significantly influences the growth
performance of agroforestry tree species,
with responses varying between species and
growth traits. Fucalyptus camaldulensis ex-
hibited greater tolerance to salinity stress,
particularly under moderate salinity levels,
where enhanced plant height indicated
adaptive growth responses. In contrast,
Syzygium cumini showed greater sensitiv-
ity to increasing salinity. These findings
suggest that Fucalyptus camaldulensis is
a suitable candidate for agroforestry prac-
tices in salt-affected soils. Further long-
term studies are recommended to assess
physiological mechanisms and field-level
performance under varying environmental
conditions.
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