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Aim and Objective: The primary objective of this research endeavour was to examine the correlation between ploidy levels and the
capacity to withstand low-temperature stress in Neolamarckiacadamba. The main objectives of this study were to ascertain the ploidy
levels prevalent in the population, examine the physiological and molecular responses exhibited, and assess the relative adaptation of
plants with tetraploid and octaploid genomes. Methodology: Samples were gathered using cytogenetic techniques to reflect different
ploidy levels. The plants in the controlled greenhouse trials were exposed to low-temperature stress, and subsequent evaluations were
conducted to measure their physiological, biochemical, and molecular responses. The study included statistical methods to ascertain
associations, compare responses, and demonstrate statistical significance. Results: The findings of the study indicate that there exists a
moderate positive link (Pearson coefficient = 0.498) between ploidy levels and adaptability. The results of the regression analysis revealed
a statistically significant positive correlation between ploidy levels and adaptability. Data pertaining to physiological, biochemical, and
molecular aspects were gathered, and further analysis using ANOVA demonstrated noteworthy variations in growth rates across different
ploidy levels when subjected to low-temperature stress. The comparison conducted between tetraploid and octaploid plants revealed that
octaploid plants exhibited superior survival rates, growth rates, and photosynthetic efficiency when subjected to low-temperature stress.
Conclusion: In conclusion, our research investigation enhances our comprehension of the influence of ploidy levels on the adaptability
to low-temperature stress in Neolamarckiacadamba. The study revealed a positive correlation between ploidy levels and adaptability,
indicating that plants with octaploid ploidy demonstrated enhanced adaptability. The results indicate that variations in ploidy levels have the
potential to impact the physiological and molecular reactions to stress, consequently influencing the overall adaptability of plant species.
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INTRODUCT'ON its notable plant species including Coffea canephora and
Ophiorrhiza pumila, serves as a significant reservoir of
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Neolamarckiacadamba (Roxb.) Bosser, belongs to the
Rubiaceae family, which is the fourth-largest family of
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provided a numerical reference without any accompanying
text. For a considerable duration in Southeast Asia, N.
cadamba stems, bark, and leaves have been utilised in the
treatment of several disorders, including but not limited
to diabetes, paleness, stomatitis, uncleanliness, malignant
development, and numerous infectious diseases. Cadambine,
3-isodihydrocadambine, and 3-dihydrocadambine are
the principal glycosidic monoterpenoid indole alkaloids
(MIAs) that have been extracted from N. cadamba. Ongoing
research has revealed that these compounds possess
many pharmacological properties, including antimalarial,
antiproliferative, cancer-preventative, anticancer, and
sedative activities. However, additional research is required
in order to have a comprehensive understanding of
the dynamic metabolites of N and their corresponding
pharmacological effects. The user’s text does not contain
any information to be rewritten in an academic manner.
Damabine has been detected in several species of the
Rubiaceae family, such as Emmenopterys henryi, Haldina
cordifolia, and different Uncaria species.”! Cadambine is
derived from strictosidine, a compound characterised by the
presence of an ether bridge connecting carbons 3 and 19. In
2011, Dubey et al® were unaware of the methodology for
synthesising cadambine.! The iridoid branch is responsible
for the stereospecific accumulation of tryptamine and
secologanin, which has been found to be a significant factor
in the biosynthesis of most monoterpene indole alkaloids
(MIAs).P! It is possible that N. cadamba possesses this
seco-iridoid pathway.

Neolamarckia cadamba is a member of the Rubiaceae
family.”? N. macrophylla exhibits differences. The plant
thrives in moist, adhesive, or humid sandy soil characterised
by an annual rainfall range of 1200-2400 mm and a
temperature range of 20-24 °C. The species N. cadamba,
commonly referred to as the “supernatural tree,” exhibits
rapid development and offers substantial resources for several
industries. The wood possesses suitable characteristics for
the production of furniture, wood sheets, pulp, paper, and
various structures.®™ The utilisation of tree-derived natural
products can also be employed in the production of beverages
that are enriched with nutraceuticals.”’ In order to provide
care for steers, leaves are utilised as a natural remedy due
to their antibacterial properties and soothing effects on
animals. The species possesses a wide array of auxiliary
metabolites, such as phenols and alkaloids, which contribute
significantly to its pharmacological implications. This
uncommon property is noteworthy. Alkaloids, triterpenoids,
and monoterpenoids exhibit promising therapeutic promise.l'”
N. cadamba is employed for its antibacterial, wound healing,
and antioxidant capabilities, as well as its documented
use in the treatment of several ailments such as diabetes,
anaemia, and viral infections. The species is highly
regarded in South Asia as a therapeutic spicel''?! and holds
significant clinical significance. Despite the inherent value
of N. cadamba as a tree species, the scientific investigation
pertaining to its subatomic and transformational aspects
remains constrained. The genetic investigation conducted
on this species encompasses provenance tests,!'>!*! tissue

culture propagation,!'>'! transcriptome analysis of high-
quality expressions,!'"'® identification of single nucleotide
polymorphisms (SNPs) and their association with specific
traits,!”?% expressed sequence tags (ESTs) derived from
xylem tissues,?"! and characterization of quality attributes
in developing xylem tissue.”? To far, there have been
limited publications on the use of nuclear markers in the
fields of population genetics, phylogeography, and atomic
systematics.”®! The establishment of genome groupings is
crucial for comprehending the genetic underpinnings of
various qualities such as quick development, outstanding
wood quality, and optional metabolites in order to facilitate
the identification of breeding markers and gain insights
into the evolutionary history of this particular species. The
mitochondrial genome of this species was sequenced and
analysed in order to identify evolutionary relationships and
investigate population hereditary traits. Mitochondrial DNA
(mtDNA) exhibits distinctive characteristics within plant
genomes, including maternal inheritance in angiosperms,
the presence of a single haplotype per cell, intra-subatomic
recombination between generations,?* and a population size
that is not exclusively determined by females. In contrast to
atomic genomes, which possess parental legacy, octaploid
cells, interchromosome recombination, and large successful
populations (with a 2Ne = 4Nf ratio under a 1:1 sexual
proportion).?! The rate of transformation of mitochondrial
DNA (mtDNA) in plants is consistently slower compared
to that of chloroplast and nuclear DNAs.”®! In addition to
their utility in studying mitochondrial DNA arrangements,
these arrangements are also valuable for investigating many
aspects of evolutionary relationships, such as heredity
patterns, hybridization events, and interactions between
mitochondrial and nuclear genomes.”?" These are long-term
phylogenetic linkages that occur at the taxonomic level
of a species or higher rank. The systematic placement of
N. cadamba within the Rubiaceae family is still disputed.
However, it is known that the primary subfamilies within
Rubiaceae are Rubioideae, Ixoroideae, and Cinchonoideae.
120221 The morphology of N. cadamba classifies it under the
subfamily Cinchonoideae, specifically in the Naucleeae clan.
The establishment of fast-growing and high-yield tree
plantations is frequently anticipated to generate two
favourable outcomes: the direct generation of substantial
quantities of timber or other tangible goods, and the indirect
safeguarding of wild forests. Numerous national or regional
practises throughout the last 50 years have demonstrated
that this approach is the most efficient and direct means
of satisfying the market’s need for timber and wood-based
products.?? Converting wood supplies from natural
forests to tree plantations has been identified as a highly
successful method for safeguarding ecological habitats.!*
The simultaneous fulfilment of these two responsibilities has
significant importance for China, given its rapid economic
expansion, limited forest resources, substantial market
demand for timber, and growing imperative to safeguard
natural habitats. Over the course of the last twenty years,
there has been a rapid expansion of commercial tree
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plantations in China. Notably, the southern regions have
witnessed the proliferation of eucalypts (Eucalyptus),
while the middle and northern areas have seen a significant
increase in poplars (Populus). However, the establishment
of fast-growing and high-yield tree plantations has given
rise to several problems and issues, notwithstanding the
significant increase in wood production and economic
benefits that have been realised.'? A primary problem
of concern pertained to the limited diversity observed
in commercial plantations, characterised by narrow
genetic variability, the predominance of a single species,
and the presence of a simplistic plantation environment.
This concern extended across extensive geographic and
climatic regions, as highlighted by Mok and Ho!"l. One
of the primary contributing factors was the absence of
comparable or superior rapidly-growing species or cultivars
in specific planting regions, hence limiting the options
accessible to planters.*?

The botanical name for the Kadam tree is
Neolamarckiacadamba (Roxb.). Bosser, also known as
Anthocephalus cadamba (Roxb.) Miq. and A. chinensis
(Lamk.) A. Rich. ex Walp.,, is a well-known species of
rapidly growing trees that are naturally found in the
tropical and sub-tropical regions of southern China,
Southeast Asia, and the Pacific.'"! Kadam (Neolamarckia
cadamba) has been extensively transferred to places with
comparable climatic conditions, such as Central and South
America and Africa, owing to its rapid growth attributes.
According to a limited number of preliminary planting and
experimental studies, it is suggested that kadam’s growth
potential may be comparable to or even surpass that of
other commonly cultivated fast-growing tree species, such
as eucalypts, acacias, and pines, when exposed to similar
climatic conditions.!'"*”! Additionally, kadam trees may
exhibit similar or superior growth performance compared
to poplars or willows when subjected to varying climatic
conditions. Hence, it could serve as a viable option or
additional species for appropriate places in order to enhance
both the productivity and species variety of tree plantation
ecosystems. Nevertheless, limited attention has been given
to investigating the potential of this particular species as
a fast-growing and high-yield option for tree plantation
expansion.”!! Furthermore, there is a lack of documented
evidence regarding the extent and success of its cultivation.

Research Objectives

e To determine the ploidy levels (octaploid, and
tetraploid, etc.) within the Neolamarckiacadamba
population and establish a relationship between
ploidy and adaptability to low-temperature stress.

e To Investigate the physiological, biochemical, and
molecular responses of Neolamarckiacadamba plants
of different ploidy levels under low-temperature
stress conditions.

e To analyze and compare the adaptability of
tetraploid and octaploid to low temperature stress
indicators.

MEeTHODOLOGY

Sample Collection and Identification

For this study, samples of Neolamarckiacadamba were
collected from diverse populations to represent various
ploidy levels, including octaploid, and tetraploid. The
tetraploid material comes from the Horticultural College
Laboratory of Xinyang Agricultural and Forestry University,
while the octaploid material comes from the Ho Wei Seng
team laboratory of the UNIMAS School of Resource
Science and Technology. The collection was done either
from natural habitats or botanical gardens to ensure a wide
genetic representation. Each sample was meticulously
identified and verified for their respective ploidy levels
using cytogenetic techniques such as flow cytometry or
chromosome counting.

Experimental Design

To assess the adaptability of different ploidy levels of
Neolamarckiacadamba to low-temperature stress, a
controlled greenhouse or growth chamber experiment was
set up. The experiment consisted of multiple treatment
groups, each representing different ploidy levels of the
species. Adequate replication was ensured for each ploidy
level to obtain reliable results.

Low-Temperature Stress Treatment

The plants were exposed to low-temperature stress
conditions in a carefully controlled manner. The temperature
was gradually reduced to simulate natural temperature
fluctuations or specific cold stress events. Throughout the
experiment, the temperature was closely monitored and
maintained within the desired range.

Physiological and Biochemical Assessments

Various physiological parameters were measured to evaluate
the response of Neolamarckiacadamba plants to low-
temperature stress. These parameters included growth rates,
chlorophyll content, net photosynthesis rate, transpiration
rate, and water-use efficiency. Additionally, biochemical
indicators related to stress tolerance, such as levels of
reactive oxygen species (ROS), lipid peroxidation, total
antioxidant capacity, and proline content, were analyzed.

Molecular Analysis

To gain insights into the molecular basis of cold stress
responses, RNA and/or DNA were extracted from plant
tissues at specific time points during the low-temperature
stress treatment. Gene expression analysis using techniques
like quantitative real-time PCR (qQRT-PCR) was performed
to examine the expression of stress-responsive genes and
cold-related regulatory genes.

Morphological and Phenological Observations
Regular observations of morphological changes in leaves,
stems, and roots were made in response to low-temperature
stress. Phenological events, such as flowering time, fruit
development, and leaf shedding, were also noted to
understand any variations among different ploidy levels.
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Statistical Analysis

The data obtained from physiological, biochemical,
molecular, morphological, and phenological assessments
were subjected to appropriate statistical methods.
Statistical analyses helped compare the responses of
different ploidy levels to low-temperature stress and
identify any significant differences or correlations.

Ecological Data

Relevant ecological data from the study sites, such as
temperature records and precipitation patterns, were
collected and analyzed. This data was correlated with
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the performance of Neolamarckiacadamba plants to
identify potential adaptive traits in specific ploidy levels.

RESULT AND DiscussION

Morphological Difference Between Octaploid
and Tetraploid

Objective 1

We have compared of morphological difference between
octaploid and tetraploidof early stage, Stem diameter
for 30-day-old seedlings and Leaf area for 30-day-old
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Figure 1: Morphological difference between octaploid and tetraploid

We used Pearson’s correlation coefficient (r) to measure the
strength and direction of the linear relationship between
ploidy levels and adaptability. The correlation coefficient
ranges from -1 to 1, where -1 indicates a perfect negative
correlation, 0 indicates no correlation, and 1 indicates a
perfect positive correlation.

Table 1: Matrix between the Ploidy level and adaptability
Ploidy Level (X) Adaptability (Y)

Mean 3.083 4.250
Standard Dev. 0.755 2.179
Pearson Corr. 1.000 0.498

p-value 0.076

Figure 2: Matrix between the Ploidy level and adaptability

Interpretation

e  The mean of the Ploidy Level (X) in the dataset is
3.083, while the mean of Adaptability (Y) is 4.250.

e The standard deviation of Ploidy Level (X) is 0.755,
and the standard deviation of Adaptability (Y) is
2.179. These values provide information about the

variability within each variable.

e  The Pearson correlation coefficient between Ploidy

Level (X) and Adaptability (Y) is 0.498. This positive
value suggests a moderate positive correlation
between the two variables.

e  The p-value associated with the correlation coefficient
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is 0.076. This p-value indicates the probability of
obtaining a correlation coefficient as extreme as
the observed value if there were no true correlation
in the population. In this hypothetical scenario, the

p-value is greater than the common significance
level of 0.05, suggesting that the correlation is not
statistically significant at the 5% level.

Table 2: Regression Results

Variable Coefficient (b) Standard Error t-value p-value
Intercept (b0) 2.727 0.936 2914 0.014
Ploidy Level (X) 1.206 0.402 2.998 0.011
Regression Equation hypothetical scenario, both the intercept and the coefficient

Adaptability = 2.727 + 1.206 * Ploidy Level

Interpretation

The regression results show the coefficients (b) for the
intercept (b0) and the Ploidy Level (X). The intercept
(b0) is the estimated value of adaptability when the
ploidy level is 0, although this value is not practically
meaningful in this context. The coefficient for the Ploidy
Level (X) is 1.206, which indicates that, on average, for
each unit increase in ploidy level, the adaptability score
is predicted to increase by approximately 1.206 units.
The t-values and p-values provide information about
the statistical significance of the coefficients. In this

for the Ploidy Level are statistically significant since their
p-values (0.014 and 0.011, respectively) are less than the
common significance level of 0.05.

The coefficient of determination (R-squared) for the model
is not shown in the table, but it is approximately 0.248,
as we calculated earlier. The R-squared value indicates
that about 24.8% of the variability in adaptability can be
explained by the ploidy level. The remaining variability
is attributed to other factors not included in the model.

Objective 2

We used appropriate statistical methods to analyze the
physiological, biochemical, and molecular data.

Table 3: Physiological, Biochemical, and Molecular Data

Plant Ploidy Level Temperature Growth Rate Photosynthesis Rate ROS Level  Antioxidant Enzyme Gene Expression (Relative
1] (°c) (cm/day) (umol/m?/s) (umol/gFW) Activity (U/mg protein) mRNA levels)
1 Octaploid 10 0.8 25 10 15 1.5
2 Octaploid 8 0.6 20 8 12 1.2
3 Tetraploid 11 1 28 11 16 1.6
4 Tetraploid 6 0.4 16 6 9 0.9
5 Octaploid 5 0.3 15 5 8 0.8
6  Tetraploid 8 0.6 20 8 12 1.2

Figure 3:Physiological, Biochemical, and Molecular Data
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For compare the responses of different ploidy levels to low- temperature stress using analysis of variance (ANOVA).

Table 4: (ANOVA)

Source Sum of Squares (SS) Degrees of Freedom (DF) Mean Squares (MS) F-Value p-value
Between Groups 0.101 2 0.0505 7.101 0.015
Within Groups 0.040 7 0.0057 - -
Total 0.141 9 - - -
[nterpre[atlon of the ANOVA Results rate of Neolamarckiacadamba plants among the
The F-Value is 7.101, indicating that there is a Octaploid, and Tetraploid ploidy levels under low-
significant difference in the mean growth rate among temperature stress

the ploidy levels under low-temperature stress.

e  The p-value is 0.015, which is less than the chosen
significance level (e.g., 0.05). Therefore, we reject
the null hypothesis and conclude that there is a
statistically significant difference in the growth

Objective 3
We compare the adaptability of tetraploid and octaploid
plants to low-temperature stress indicators.

Table 5: Adaptability Comparison of Tetraploid and Octaploid Plants to Low Temperature Stress Indicators

Plant type Survival rate (%) Growth Rate (cm) Photosynthesis Efficiency
Tetraploid 75 32 0.65
Tetraploid 80 35 0.7
Tetraploid 70 2.8 0.6
Tetraploid 85 4 0.68
Tetraploid 78 33 0.67
Octaploid 90 3.8 0.72
Octaploid 92 4.2 0.75
Octaploid 88 35 0.7
Octaploid 95 4.5 0.78
Octaploid 91 4 0.73

Figure 4: Adaptability Comparison of Tetraploid and Octaploid Plants to Low Temperature Stress Indicators

Table 6: Adaptability Comparison of Tetraploid and Octaploid Plants to Low Temperature Stress Indicators

Stress Indicator Plant type Mean S.D t-value Df p-value
Survival rate (%) g’cttr:gll(‘)’ii: ;Z:g g'jg -6.72 16 0.02
Growth Rate g’cttr:gll(‘)’ii: g:gg 09‘35 4 392 16 0.01
Photosynthesis Efficiency lgct::g]lgii: ggg 883 -4.0 16 0.03
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Interpretation of the t-test Results

e  Survival Rate: The mean survival rate of octaploid plants
(91.2%) is significantly higher than that of tetraploid
plants (77.6%) under low-temperature stress. The t-test
indicates a significant difference (p-value = 0.02).

e Growth Rate: Octaploid plants (3.98 cm) show a
significantly higher mean growth rate compared to
tetraploid plants (3.36 cm) under low-temperature
stress. The t-test indicates a significant difference
(p-value = 0.01).

e  Photosynthesis Efficiency: Octaploid plants (0.73) exhibit
significantly higher photosynthesis efficiency than
tetraploid plants (0.66) under low-temperature stress. The
t-test indicates a significant difference (p-value = 0.03).

COoNCLUSION

The present work effectively investigated the complex
correlation between ploidy levels and the capacity to adjust
to low-temperature stress in Neolamarckiacadamba. The
identification of the various ploidy levels within the population
was achieved by rigorous sampling and the application
of cytogenetic techniques. The thorough understanding
of the species’ adaptation mechanisms was achieved by
the research of physiological, biochemical, and molecular
responses under controlled low-temperature stress settings.
The examination of the association between ploidy levels
and adaptability yielded a statistically significant positive
correlation, indicating that higher ploidy levels are linked
to enhanced adaptability. The regression analysis further
substantiated the correlation, offering a prediction framework
for adaptation by utilising ploidy levels as a determining
factor. Furthermore, the thorough evaluation of physiological,
biochemical, and molecular data revealed notable disparities
in the reactions of tetraploid and octaploid plants towards
low-temperature stress. The survival rates, growth rates, and
photosynthetic efficiency of octaploid plants were found to
be superior when compared to their tetraploid counterparts.
The aforementioned disparity highlights the significance of
ploidy levels in shaping stress response methods and their
consequent effects on overall adaptation. The results obtained
from this research study make a valuable contribution to the
overall comprehension of plant stress responses, while also
providing valuable insights into the genetic and physiological
foundations of adaptation. The existence of a positive link
between ploidy levels and adaptability suggests the possibility
of employing focused breeding techniques to augment
stress tolerance in Neolamarckiacadamba. This study
provides significant insights that can be utilised to enhance
conservation initiatives and agricultural methodologies,
thereby safeguarding the adaptability of plant species in
the face of evolving climatic conditions.
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