RESEARCH ARTICLES

Germination sensitivity and seedling quality of
mahogany (Swietenia macrophylla) in response to
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Salinity is a major abiotic constraint to seed
germination and early seedling establishment in forest
tree species, especially in arid and semi-arid regions
where freshwater scarcity necessitates the use of saline
irrigation. The present study assessed the effect of
varying salinity (4.0-8.0dS m™) on seed germina-
tion and seedling quality of Swietenia macrophylla
(mahogany) under nursery conditions at the Indian
Council of Agricultural Research—Central Soil Salinity
Research Institute, Karnal. Germination parame-
ters, final germination percentage (FGP), germina-
tion index (GI), coefficient of velocity of germination
(CVG), and seedling quality indices declined signifi-
cantly with increasing salinity. The FGP decreased
from 28% in the control to 7% at 8.0dS m’'. Higher
salinity prolonged the mean germination time and
significantly reduced growth and Dickson quality in-
dex values. The present study highlights the salinity
sensitivity of mahogany during germination and un-
derscores the need to screen and select tolerant geno-
types for sustainable afforestation in saline-prone areas.

Keywords: Biomass allocation, Dickson quality index,
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FORESTS restoration programmes, along with sustainable
agroforestry activities, are placing more stress on the in-
tegration of multipurpose tree species into production
systems. Effective development of such systems largely de-
pends on the generation of healthy and vigorous seedlings.
Seed germination is a critical phase that, in most in-
stances, defines the success of the plantation and its fu-
ture survival. Germination in many forest tree species
is inhibited by seed dormancy, protective or hard seed
coats, and environmental stress (temperature, light, wa-
ter supply)'™. Water deficits and salinity, among others,
are the most harmful of these stresses; they slow down
germination, decrease germination percentage, and di-
minish seedling quality>”’. The germination character-
istics of economically and ecologically useful species are
therefore of high significance, not only in conservation,
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but also in large-scale plantations. However, the effect
of subtle environmental variation on germination require-
ments is common within species®®, and indicates that ge-
netic and environmental factors interact!®. Drought or
water stress™ 71112, salinity6’7’13‘15, and temperaturemm—18
are all abiotic stresses that control seed germination. In
addition, provenance effects are typically pronounced,
whereby seeds collected from different localities show sub-
stantial disparities in optimal germination responses>®°.

One of the most economically and ecologically
valuable multipurpose tree species is Swietenia macro-
phylla King (big leaf mahogany) of the family Meliaceae,
which has been known to possess fine grain, durability
and resistance to decay. Introduced outside Central and
South America, the species is now naturalised in sev-
eral sub-tropical countries, including India, where it was
first introduced in 1865. Its timber is highly sought af-
ter for furniture, shipbuilding, and decorative veneers,
being among the most important timber species in the
world'"1%20_ In addition to timber value, species have di-
verse uses in the production of bioenergy, hydrocarbons,
and phytochemicals'®. Illegal logging and trade have put
mahogany under extreme pressure, leading to its inclusion
in Appendix II of the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES)?!,
requiring a new approach for sustainable propagation and
plantation strategies.

The growing shortage of freshwater resources in arid
and semi-arid areas has encouraged the necessity to use al-
ternative sources such as saline groundwater, drainage wa-
ter and treated wastewater to irrigate forest plantations??.
These activities not only alleviate water shortages but also
contribute to biomass production, ecological restoration,
and green-belt development in the region. Nevertheless,
salinity in soil is a significant environmental stressor that
adversely affects the growth of plants, germination of
seeds, and overall productivity of forest tree species'>?%23.
Halophytes, on the other hand, respond positively to salin-
ity, with intermediate salt levels improving reproductive
ability in the form of seed production, flower counts and
pollen viability®*. They are resilient due to a combina-
tion of morphological, anatomical and physiological adap-
tations that allow them to survive in severe conditions'>%3.

1081



RESEARCH ARTICLES

Conversely, some forest tree species have anatomical and
leaf structure adaptations at the initial stages of growth,
which are vital in establishing the saplings®®. As the
juvenile stage has played a crucial role in determining
survival and productivity, anatomical and hydraulic char-
acters prove helpful in selecting productive and drought-
resilient tree species, thus ensuring better establishment
over time?%?7,

Most research conducted in the past has focused on
crops, with very few studies having been conducted on
multipurpose forestry tree species. Therefore, there is a
lack of empirical evidence of the impact of saline irriga-
tion on the germination and initial growth of tree species,
especially mahogany. This information gap is a major
obstacle towards the use of mahogany in restorative and
agroforestry systems within saline-prone landscapes. Con-
sidering the economic value of S. macrophylla, and the in-
creasing necessity to use the low-quality water to manage
nursery and plantation, it is essential to assess the influ-
ence of salinity on seed germination and the initial growth
of the seedling. The present study was then conducted
to determine the impacts of varying degrees of saline ir-
rigation on germination behaviour, early growth perfor-
mance, and seedling quality of mahogany under nursery
conditions. The study, in particular, investigated cumu-
lative germination patterns, important germination indices
and seedling quality parameters under varying salinity lev-
els. The present article aims to fill a knowledge gap in
an important area of need and to inform nursery manage-
ment, afforestation programmes and sustainable forestry
practices in areas where the use of saline water is becoming
a significant issue.

Methodology

Experimental site and materials

The present study was conducted from August to
November 2024 to assess the effects of saline irrigation on
seed germination and seedling quality of Swietenia macro-
phylla (mahogany). The experiment was conducted at the
nursery of the Indian Council of Agricultural Research -
Central Soil Salinity Research Institute (ICAR—-CSSRI),
Karnal, India (29°43’N, 76°58’E; 244 m above mean sea
level). The regional climate is semi-arid, with winters ex-
tending from November to March and summers from April
to October. The area receives an average annual rainfall of
650-700 mm, the majority of which occurs during July to
September. A completely randomised design (CRD) was
followed, whereby four irrigation treatments: control (tap
water) and three salinity levels (EC;y, /4.0, 6.0, and 8.0dS
m!) were used. Each treatment was replicated four times.
Saline water was sourced from groundwater at Nain Farm,
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Panipat, and applied directly according to the treatment
schedule. Irrigation was carried out twice a week, and the
salinity of the growth medium was periodically monitored.

The seeds of the mahogany were procured from the
Kerala Forest Research Institute (KFRI), Thrissur, India.
Before sowing, the sand substrate was sterilised with hot
water and chlorine, thoroughly washed, and placed in plas-
tic trays. The 25 seeds were spaced 10cm apart in each
tray. The seeds were subjected to a salt stress by providing
the different concentrations of saline irrigation water (EC;y,
~4.0, 6.0, and 8.0dS m!).

Seed germination assessment

The effects of salt stress were assessed through seed ger-
mination indices in the nursery. Seed germination was
recorded every alternate day from the date of sowing and
continued for 35 days after sowing (DAS) till the last ger-
mination. Emergence was defined as a visible protrusion
of the hypocotyl or cotyledon (>0.5cm above the sub-
strate). Both daily and cumulative germination counts were
recorded to calculate germination parameters, such as fi-
nal germination percentage (FGP), mean germination time
(MGT), germination index (GI), and coefficient of velocity
of germination (CVG). The germination phase dynamics
were taken into account using the imbibition period. The
first day of germination (FDG, days) was recorded as the
day on which the first visible germination occurred within
the seed lot. The last day of germination (LDG, days) was
noted as the day on which the final germination event was
observed. The time spread of germination (TSG, days)
was calculated as the interval between the first and last
germination events, thereby indicating the duration of the
germination period within each treatment. Mathematically,
TSG was expressed as: TSG = (LDG — FDG). The calcu-
lated germination indices were as follows:

Final germination percentages (FGP):

Number of germinated seeds

FGP =
Total seeds sown

x 100

(1)

Mean germination time (MGT, days)>?® :
g o <2>

where, n; is the number of seeds germinated on day i; and
d; is the number of days from sowing.

MGT =

Germination index (GI)* :

GI=(1O~n1)+(9-n2)+-~-+(1-n10) (3)
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where, ny, ny ... nyo is the number of seeds germinated
on the Ist, 2nd, ..., and subsequent days until the 10th
day; 10,9 ... and 1 is the weight assigned to the number
of seeds germinated on the 1st, 2nd and subsequent days,
respectively.

Here, the maximum weight is assigned to seeds germi-
nated on the first day, and less to those germinated later.
So, GI emphasises both the percentage of germination and
its speed. A higher GI reflects both greater germination
percentage and faster germination’?-3!,

CVG32: It is widely used to describe the rapidity of
seed germination. CVG indicates the rapidity of germina-
tion. It increases when the number of germinated seeds
increases and the time required for germination decreases.

2o
> (nixd;)
where, n; is the number of seeds germinated on day i; d; is
the number of days from sowing.

CVG = % 100 (4)

Early seedling growth assessments

Four seedlings for each treatment were randomly chosen
for growth assessment after 10-12 weeks. Growth param-
eters of seedlings were recorded. Seedling height (cm)
was measured with a ruler, collar diameter (mm) at the
root collar using a vernier calliper, and the number of
leaves per seedling was counted manually. Seedlings were
then carefully harvested and separated using secateurs into
three parts: roots, shoots, and leaves. Then, samples were
oven-dried at 70°C for 72-96 h until constant weight. Dry
biomass of each component was measured using an elec-
tronic balance (Aczet, precision 0.001 g). Total dry weight
was calculated as the sum of shoot, root, and leaf dry
weights, while the root-to-shoot ratio was computed to
assess biomass allocation.

Seedling quality index

The Dickson quality index (DQI) was used as a compre-
hensive measure of seedling vigour and morphological
quality®3. Seedling height was measured from the soil sur-
face to the tip using a ruler (0.1 cm accuracy). Oven-dried
biomass of plant components at 70°C for 72-96h until a
constant weight has been recorded. The DQI incorporates
height, collar diameter, and biomass allocation to provide
an integrated measure of seedling quality. The DQI was
calculated according to the following formula3*:

Total dry weight(g)

Shoot dry weight (g) } (5)
Root dry weight (g)

DQI =

[ Height (cm)
Diameter (mm)
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where Height (cm) is the seedling height from the soil
surface to the tip, and diameter (mm) refers to collar
diameter measured at the root collar point.

Statistical analysis

Data on germination traits and seedling growth parameters
under saline and control irrigation conditions were sub-
jected to one-way analysis of variance (ANOVA) to test for
treatment effects. Where significant differences were ob-
served, means were compared using Tukey’s honestly sig-
nificant difference (HSD) test at a 95% confidence level
(P < 0.05). Statistical analyses were performed using R
software.

Results

Seed germination traits under salinity stress

Salinity stress significantly influenced both germination
behaviour and early seedling growth of mahogany, with
effects becoming more severe at higher salinity (ECyy) lev-
els. All germination parameters were adversely affected by
increasing salinity (Table 1, Figures 1 and 2). The FGP %
declined progressively with increasing salinity: highest in
the control (28.0 * 2.83%) and 4.0 dS m™! (20.0 + 2.83%),
but markedly reduced at 6.0 dS m™' (15.0 + 1.91%) and
lowest at 8.0 dS m™' (7.0 + 1.91%).

Germination onset was delayed under saline irrigation.
While the FDG was similar across control and 4.0dS m™!
(18.5-18.8 days), it was significantly prolonged at 6.0dS
m! (20.3 days) and 8.0dS m™' (24.0 days). The LDG did
not vary greatly, but the TSG was sharply reduced at 8.0 dS
m! (2.5 days) compared to the control (9.5 days), indi-
cating a constrained and less uniform germination window
under severe salinity stress.

Cumulative germination curves (Figure 1) further
illustrated these patterns. Seeds in the control germinated
rapidly and plateaued around 28% by 30 DAS, whereas
germination slowed and plateaued at lower levels in 4.0 dS
m! (~20%) and 6.0dS m!(~15%). The most severe in-
hibition occurred in 8.0dS m!, which showed only ~7%
final germination. Quantitative indices (Figure 2) further
supported these trends: MGT was shortest in the con-
trol (22-23 days) and increased significantly under EC-
08 (~25 days), indicating delayed emergence under stress.
Similarly, GI followed a similar pattern, with the con-
trol recording the highest value (~165) and EC-08 the
lowest (~35). Likewise, the CVG was significantly re-
duced at higher salinity, with the control maintaining the
fastest germination (4.5) compared to EC-08 (4.0). To-
gether, these results demonstrate a salt-induced suppres-
sion of germination traits, with 8.0dS m’! imposing the
strongest inhibitory effect.
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Table 1. Seedling traits and germination under the influence of different salinity. The salinity level ranged from 4-8dS m™! for
irrigation to seeds germination along with tap water irrigation as control (T1). Salinity level indicated by EC 04 stands ~4.0dS
m! (T2); EC_06 stands ~6.0 dS m™! (T3); and EC_8 stands ~8.0 dS m™! (T4). Table value (mean + SE) is presented with
Tukey’s honestly significant difference (HSD) test by different letters. Statistical differences among treatments are indicated by

letters (Tukey’s test, P < 0.05)

Traits Unit Control (T1) EC 04 (T2) EC_06(T3) EC 08 (T4)
Final Germination Percentage (FGP) %  28.00£2.83a 20.00£2.83ab 1500+£191bc 7.00£191c
First Day of Germination (FDG) day 18.50+0.50b 18.75+0.63b 2025+0.63b 24.00+£082a
Last Day of Germination (LDG) day 28.00+£0.82a 28.50+096a 27.50£096a 2650x1.26a
Time Spread of Germination (TSG) day 9.50£0.96a 9.75£048a 7.25£0.75a 2.50+£1.500
Collar Diameter (CD) mm 438+021a 390+£035ab 325+0.13bc 285+0.12c
Seedling Height cm 1975+ 1.80a 14.00+£1.58ab 14.50+£1.66ab 12.75£1.03b
Number of Leaf 2 13.75+2.56a 13.00+£1.08a 8.25+0.85ab 425£0.750
Shoot Dry Weight g 0.81+0.11a 069+£0.12ab 042£0.04bc 027£0.05c
Root Dry Weight g 0.44+£007a 044£0.09a 0.30+£0.03ab 0.18£0.02D
Total Dry Weight g 1.81+£032a 1.74£040a 0.84+007ab 0.54£0.09D
control == EC 04 -l EC 06 EC 08
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Figure 1. Cumulative germination (%) of Swietenia macrophylla (mahogany) seeds under different salinity treatments across days
after sowing (DAS). Salinity levels correspond to EC_04 ~ 4.0 dS m™!, EC_06 ~ 6.0 dS m™!, and EC_08 ~ 8.0 dS m™'.

Seedling growth traits

Early seedling development was also impaired under
salinity (Table 1). Seedling height decreased from 19.8 cm
in the control to 12.8cm at 8.0dS m™'. Similarly, col-
lar diameter declined from 4.38 mm (control) to 2.85 mm
(8.0dS m™"). The number of leaves followed a parallel
trend, dropping from 13.8 leaves in the control to only 4.3
leaves at 8.0dS m™'.
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Biomass accumulation was strongly affected. Shoot
dry weight (g) declined steadily with increasing EC, from
0.81¢g in the control to 0.27 g at 8.0dS m™'. Root dry
weight was significantly lower at 8.0dS m™! (0.18 g) com-
pared to the control (0.44 g). Consequently, the total
dry weight (g) decreased sharply, from 1.81 g in the con-
trol to 0.54g at 8.0dS m™'. These reductions highlight
that salinity not only limited vegetative growth but also
compromised biomass allocation.
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Figure 2. Effects of salinity stress (EC 4-8dS m™!) on germination parameters of S. macrophylla. Panels represent: (a) final
germination percentage (FGP), (b) germination time (MGT), (¢) germination index (GI) and (d) coefficient of velocity of germi-
nation (CVG). Different letters indicate significant differences among treatments according to Tukey’s HSD test (P < 0.05).

Seedling quality indices

Seedling quality indices (Figure 3) provided further insight
into stress responses. The DQI showed a clear reduction
with increasing salinity. Control and 4dS m™' seedlings
maintained the highest quality (=2.1-2.3), while 6.0dS
m! and 8.0dS m™' seedlings had significantly lower values
(=1.5-1.6), reflecting reduced vigour under higher salinity.

Interestingly, the root-to-shoot ratio (R/S) responded
differently. It increased significantly under moderate salin-
ity (6.0 dSm™': ~0.75) compared with the control (~0.55),
suggesting an adaptive allocation strategy to enhance water
and nutrient uptake. Seedlings at 4.0dS m™! and 8.0 dS m!
showed intermediate values without significant differences
from either control or 6.0 dS m™'. This shift in biomass par-
titioning suggests a potential stress adjustment mechanism,
although it was insufficient to offset the overall decline in
seedling quality at higher salinity levels.

Discussion

The present study has shown that high salinity in irrigation
water significantly suppressed the germination and early
seedling development of mahogany, with the extent of sup-
pression directly proportional to the intensity of salinity.
Salinity stress inhibits germination primarily by exerting
osmotic and ionic toxicity, which disrupts water uptake, en-
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zymatic functions and metabolism™. In the present study,
the final percentage of germination decreased gradually as
the salinity level increased, as well as the germination rate.

Germination sensitivity and seedling traits

The results showed that germination characters were more
responsive to salinity compared to seedling growth parame-
ters. The percentage germination dropped by around 46 per
cent at 6.0dS m™' and nearly 75 per cent at 8.0dS m™' rel-
ative to the control, indicating that salinity severely limits
seed sprouting. Conversely, seedling growth characteristics
(height, collar diameter, biomass) were comparatively slow
when salinity was moderate (4.0dS m™!, 6.0dS m™!), and
harshly suppressed when salinity was at 8.0dS m™'. This
trend suggests that although salinity inhibits germination,
seedlings that germinate can initially withstand moderate
stress levels, after which they exhibit strong growth inhibi-
tion at high salinity.

Significance in biomass partitioning also changed as
indicated by a higher root to shoot ratio at 6.0dS m™'. This
trend suggests that it is an adaptive mechanism, involving
increased investment in roots to enhance water and nutri-
ent acquisition in adverse habitats. Nevertheless, this mod-
ification was not enough to maintain the overall seedling
vigour, as demonstrated by the fact that the DQI at 6.0 and
8.0dS m! had reduced significantly.
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Figure 3. Seedling morphological quality under the influence of different salinity levels indicated by Dickson quality index and
root-shoot ratio. Salinity levels correspond to EC 04 dS m1 EC 06 6.0 dS m!, and EC _088.0dS m™! and along with tap water

irrigation as control.

Mechanisms of salt tolerance and evidence

Salt stress initiates a complex physiological process that af-
fects the seeds and seedlings of osmotic stress, ion toxicity,
and oxidative damage®'3!>3_ The germination percent-
age and delayed germination rate are similar to those re-
ported in other species. As an example, Acacia salicina
and Acacia albida had significant decreases in germina-
tion and seedling biomass with salinity®, whereas Dodonea
viscosa'® and Prosopis alba® displayed retarded root and
shoot growth. The first obstacle to germination is often os-
motic stress due to the decrease of water potential in the soil
solution, which slows down the imbibition of the seed and
the activation of metabolism®37. That is why GI is in many
cases more sensitive to salinity than final germination per-
centage, as has been found in Aspidosperma pyrifolium3®

as well as various Eucalyptus species’.
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Increasing salinity levels make ion toxicity pre-
eminent. Intrusion of excess Na* and CI" inhibits enzyme
activity, membrane integrity and reserve mobilisation®>3.
Although this seed coat may be protective at first, when
exposed over long periods, ions enter, causing metabolic
impairment to occur®®. The high sensitivity of Eucalyptus
brassiana to salinity and the high resistance of Eucalyp-
tus camaldulensis to salinity explain the selection effects
difference observed; thus, variation in salinity tolerance
among species, such as the resistance of E. camaldulensis
to salinity versus the sensitivity of E. brassiana’, demon-
strates the strength of salinity tolerance as a genetic com-
ponent of its responses to salinity.

Plants adjust to salinity by osmotic adjustment, which
is mainly achieved by building up of compatible solutes
of proline, sugars and polyols that help reduce osmotic
potential and protect proteins and membranes'>3>3640,

CURRENT SCIENCE, VOL. 129, NO. 12, 25 DECEMBER 2025
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Finally, salinity resistance during the germination process
is determined by a species’ ability to reduce the accu-
mulation of ions in sensitive tissues while maintaining
osmotic balance*!. Since the germination phase forms
a crucial bottleneck in establishment in saline environ-
ments, understanding these physiological and metabolic re-
sponses can aid in identifying and utilising tolerant tree
species in afforestation. It was also possible to explore
seed provenances and choose superior planting material
at the initial seedling phase*”**. A complex interac-
tion of both genetic and environmental factors influences
seed germination®3-1°. Although in certain species (e.g.,
Jatropha curcas®), genetic control may prevail*, envi-
ronmental factors, including rainfall, temperature, and al-
titude, usually have a more decisive impact on germination
behaviour®#>1743,

Practical implications for mahogany cultivation

The findings have significant practical implications for a
silvicultural viewpoint. The germination and growth of ma-
hogany were intermediate at 4.0 and 6.0 dS m™! because of
its tolerability to low-medium salinity. Nevertheless, above
6.0dS m™ and beyond, germination and seedling vigour
decreased rapidly, implying that germination would be re-
stricted in such environments. This is also an important site
choice in agroforestry and afforestation projects in semi-
arid and coastal areas where salinity is frequently a key
limiting factor.

High salinity conditions significantly reduced germi-
nation, highlighting the importance of management mea-
sures to enhance germination. Pre-sowing treatments,
including seed priming, have been effective in improving
germination”*#47 These methods can be adopted for
mahogany to enhance germination and seedling establish-
ment. Additionally, the shift in biomass distribution of
roots under moderate stress could be utilised in breeding
programs to enhance stress tolerance. Additional studies
should also be conducted to determine the effectiveness of
other interventions, such as dormancy breaking and hor-
mone application, in promoting mahogany germination and
early development. Lastly, it would be of great interest to
evaluate the field performance of saplings grown from dif-
ferent seed sources and saline soils to understand how to
scale up mahogany plantations in saline-prone regions.

Conclusion

The present study shows that salinity stress significantly
inhibits germination and early seedling growth of S.
macrophylla. Mild salinity (4.0dS m™) allowed ade-
quate establishment, whereas higher levels (8.0 dS m!)
sharply reduced germination, growth, and seedling qual-
ity, identifying germination as the most sensitive stage.
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Mahogany can thus be considered moderately sensitive to
salinity. Given mahogany’s high economic and ecologi-
cal importance, future research should explore pre-sowing
treatments and provenance-based evaluations to enhance
germination and salinity tolerance, thereby supporting its
integration into afforestation and agroforestry systems in
saline-prone regions.
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