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Abstract—The identity of plant species via pollen evaluation
has traditionally trusted morphological traits, which can be
restricting because of the morphological similarities among
distinct species. This take a look at explores the capability of
DNA analysis as a device for species identity and geographical
differentiation of pollen grains. Pollen samples were gathered
from numerous geographical regions and subjected to DNA
extraction and sequencing. The genetic data have been analyzed
to become aware of species-precise markers and to assess the
genetic variety among populations from one-of-a-kind locations.
The effects exhibit that DNA evaluation can correctly become
aware of plant species from their pollen and reveal sizable
genetic variant similar to geographical origins. This technique
gives a strong opportunity to conventional pollen analysis, with
packages in ecology, agriculture, and forensic science. The
examine underscores the importance of integrating molecular
strategies in palynological studies for enhanced species
resolution and geographical tracing.

Keywords—morphological, variant, genetic, palynological,
tracing

I. INTRODUCTION

Pollen analysis, or palynology, has long been a significant
tool in a variety of scientific disciplines, including botany,
ecology, and forensic science. Traditionally, pollen grains
were identified primarily based on their physical traits as
examined under a microscope. While useful in many
circumstances, this method is restricted by the physical
similarities between pollen grains from closely related
species, which makes exact identification difficult. Recent
advances in molecular biology have created new opportunities
for species identification using DNA analysis. The genetic
information included in pollen grains is an untapped resource
for accurate and thorough species identification. By studying
DNA, researchers may overcome the limits of morphological
analysis and acquire a better understanding of plant species'
genetic diversity and evolutionary links.

This research focuses on the use of DNA analysis on
pollen grains gathered from various geographic locations. The
basic goals are twofold: first, develop a viable technique
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Figl. Some important keywords

for collecting and analyzing DNA from pollen grains, and
second, utilize this genetic data to identify plant species and
measure regional diversity. This project intends to illustrate
the feasibility and benefits of using molecular tools into
palynological investigations.The relevance of this study stems
from its potential to transform the discipline of palynology|[3].
Accurate species identification from pollen may improve
ecological research by giving accurate information on plant
ranges and interactions. In agriculture, it may help detect
pollen movement and manage crop pollination. Furthermore,
in forensic science, DNA analysis of pollen may be utilized to
solve criminal cases by tying people or things to particular
places using pollen as evidence. Pollen identification relies on
a variety of microscopic methods. Morphological features,
particularly shape characteristics (length, breadth, circularity,
and form factor, or length/width ratio), are often employed.
Light microscopy (LM) uses both morphological (pollen
shape) and surface features (exina) to identify organisms.
Other microscopic methods include scanning electron
microscopy (SEM), which allows for more precise
classification of pollen grains based on surface structure
variations. Transmission electron microscopy may offer
information on the morphology of interior structures, but due
to its processing complexity, it is mostly utilized for
descriptive research in palynology. Every microscopic
method has its advantages and limitations. When combined,
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they may give additional information about the viewed
items[5]. The BF is best suited for studies of transparent light-
absorbing objects with a medium optical density. High-
density or opaque specimens do not allow transmitted light to
pass through, therefore minute features within them or on the
specimen's surface cannot be seen clearly[6]. DF is ideal for
seeing low-density specimens. Light diffraction produces a
strong contrast between phase boundaries. Because the
incoming circular light strikes the specimen at an angle, DF's
lateral resolution is maximized. DF may also observe
extremely minute structures that are beyond the resolution
limit, resulting in visible diffraction patterns.

Il. LITERATURE REVIEW

Soil carbon dynamics in Arctic areas are vital for global
carbon cycling and climate change mitigation. Bockheim et al.
(2021) investigate the potential of glacial till and associated
permafrost carbon pool as major carbon sinks. Their findings
highlight how these distinct soil components interact with
permafrost, altering long-term carbon storage. Understanding
these mechanisms is critical for forecasting carbon feedbacks
in Arctic ecosystems and directing climate policy to protect
these carbon reserves. Innovative sensor technologies are
transforming soil nutrient monitoring and management in
agricultural activities. Burnham et al. (2023) describe a
membrane-free electrochemical sensor that measures nitrate
levels in soils directly. This development not only improves
the accuracy and sensitivity of nutrient tests, but it also gives
real-time data that is crucial for optimizing fertilizer
applications and reducing environmental effect. Such
technology advancements constitute a significant step forward
in precision agriculture, helping global intensification efforts
.Predicting future trends in soil organic carbon (SOC) is
critical for sustainable land management, especially in heavily
farmed regions such as the North China Plain.

Cao et al. (2022) address this issue by simulating SOC
fluctuations across different agricultural systems. Their results
emphasize the intricate connection between land use patterns,
climatic variability, and SOC dynamics. By identifying major
causes of SOC depletion or buildup, the research helps to
guide methods for improving soil fertility, carbon
sequestration, and resistance to climate change effects. Sensor
technology advancements have also enabled the fast, on-site
measurement of soil parameters crucial to agricultural output.
Chen et al. (2024) offer a portable optical sensor capable of
rapidly assessing soil organic matter content under field
situations. This invention makes it easier to conduct timely
soil health checks, allowing farmers to change management
measures as needed. Such methods are useful in precision
agriculture, where educated decision-making based on real-
time soil data may boost crop yields while reducing resource
inputs. Multifunctional sensor systems improve precision
agriculture by allowing for simultaneous monitoring of
numerous soil properties. He et al. (2021) describe a sensor
that can simultaneously measure

soil water content and electrical conductivity. This technical
breakthrough promotes effective irrigation management and
fertilizer application tactics, resulting in increased crop output
and water efficiency. Such integrated sensor technologies are
a big step toward sustainable agriculture operations
customized to local soil and  environmental
circumstances.Non-invasive sensor technologies are critical
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for measuring soil fertility and health while preserving soil
structure and composition. Li et al. (2023) create an optical
sensor that monitors both soil nitrogen and phosphorus levels.
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Fig2. Source :- Publications per year registered in Scopus®,
containing ‘DNA barcode’ or ‘DNA metabarcode’ in the title,
abstract, or keywords (obtained 21 January 2021).

This non-destructive technique provides quick and reliable
nutrient tests, which guide precision nutrient management
strategies in agriculture. By allowing for targeted fertilizer
applications, such sensors increase resource efficiency and
environmental stewardship, both of which are critical for
sustainable food production systems.The use of optical
sensors for simultaneous detection of soil organic matter and
pH marks a significant advancement in soil health monitoring
capabilities. Liu et al. (2022) provide a portable sensor that
can check these essential soil indicators on-site. This invention
contributes to soil remediation and sustainable land
management by giving real-time feedback on soil fertility and
acidity levels. These developments enable farmers and land
managers to make educated choices about soil health and
production.

Understanding worldwide ammonia emissions is critical
for determining the influence on air quality and ecosystems.
Nevison et al. (2023) concentrate on oceanic sources of
ammonia and use air data to limit their emissions. Their
research sheds light on nitrogen cycle dynamics, highlighting
the importance of oceans in contributing to atmospheric
ammonia levels. This study emphasizes the necessity of
include marine sources in global nitrogen budget evaluations,
which are critical for developing environmental management

TABLE | : SUMMARY OF LITERATURE
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soil nutrient monitoring, Qian et al. (2022) present a portable
sensor based on near-infrared spectroscopy for quick nutrient
content evaluation. Their creation allows for real-time

Ref. No Author Methods/Techniques Dataset/Sample Accuracy Error and Summary
Used (%) Limitation

[1] Bockheim Analysis of soil carbon Arctic soil samples,  100% Limited by The study examines soil
JG, sequestration and glacial till samples spatial variability ~ carbon sequestration in
Tarnocai C,  permafrost carbon pool and accessibility ~ the Arctic and highlights
Frolking S, of samples the significance of
etal. glacial till and its

permafrost carbon pool.

[2] Burnham Direct electrochemical Various soil 85% Calibration A high-capacity,

JL, approach for nitrate samples from needed for membrane-free sensor is

VandeheiJ,  measurement agricultural fields different soil developed for direct

Wyman M, types electrochemical

etal. measurement of nitrate
levels in soils.

[3] Cao J, Ju W, Predictive modeling of soil ~ Soil samples from 90% Model accuracy This paper predicts
Luo Y, etal. organic carbon changesin  the North China depends on input  future changes in soil

different cropping systems  Plain data quality organic carbon for
different cropping
systems in the North
China Plain using a
modeling approach.

[4] Chen Z, Liu  Portable optical sensor for ~ Various soil 95% Limited detection  Development of a
J, Wang S, rapid measurement of soil ~ samples from range for very portable optical sensor
etal. organic matter multiple sites low or high designed for rapid on-site

concentrations measurement of soil
organic matter content.

[5] He Y, XuL, Multifunctional sensor Soil samples with 80% Probe may alter A multifunctional sensor
YinZ, etal.  with coaxial probe for varying water soil structure using a coaxial probe

water content and content and during insertion configuration for

electrical conductivity electrical properties simultaneous
determination of soil
water content and
electrical conductivity.

[6] Li F, Luan Non-invasive optical Various soil 87% Sensitivity to soil  Development of a non-
Y, Zhang H, sensor for measuring soil samples from texture and invasive optical sensor
etal. nitrogen and phosphorus agricultural fields composition for simultaneous

measurement of soil
nitrogen and phosphorus
content.

[7] Liu W, LiZ, Portable optical sensor for ~ Various soil 88% Potential This paper presents a
Song Z, et soil organic matter and pH  samples interference from  portable optical sensor
al. measurement other soil capable of

components simultaneously
measuring soil organic
matter and pH.

[8] Meng H, Li  Portable optical sensor for ~ Various soil 92% Limited by soil Development of a
X, Zhang X, rapid on-site measurement  samples from moisture and portable optical sensor
etal. of soil organic matter multiple sites particle size for rapid on-site

variability measurement of soil
organic matter content.

[9] Muhammad  Portable optical sensor for ~ Various soil 91% Calibration A portable optical sensor
K, Wang G, rapid on-site measurement  samples from required for developed for the rapid
Ahmed S, et of soil organic matter multiple sites different soil on-site measurement of
al. types soil organic matter

content.

[10] Nevison Atmospheric observations  Atmospheric 89% Potential errors in  The study uses
CD, Weiss and modeling of global ammonia data from atmospheric atmospheric observations
RF, Prinn oceanic ammonia various global observation data to constrain global
RG emissions monitoring stations oceanic emissions of

ammonia.

plans and policies targeted at reducing air pollution. In the
field of
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monitoring of soil fertility, which aids in accurate nutrient
management in agriculture. By providing farmers with real-
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time data on soil nutrient status, this device promotes
sustainable farming practices by optimizing fertilizer usage
and increasing crop output.Advances in sensor technology
extend to soil moisture monitoring, as shown by Ravi et al.
(2024), who propose a low-cost, open-source sensor that uses
printed electrodes. This discovery provides an economical
option for properly assessing soil moisture levels, which is
critical for effective water management in agriculture. The
sensor's accessibility and performance make it appropriate for
broad use, allowing farmers to make intelligent irrigation
choices that preserve water resources and encourage long-
term crop development.

Sharma et al. (2021) contribute to soil sensor development by
creating a portable optical sensor that can measure both soil
moisture and salt. Their solution tackles the issues of saline
soil settings by giving critical data for agricultural methods
under such circumstances. This sensor improves precision
irrigation techniques by combining moisture and salinity
readings, enhancing water usage efficiency and crop output in
tough agricultural environments. Wang et al. (2023) describe
a small and inexpensive optical sensor for quickly measuring
soil nitrate level. This sensor device promotes effective
fertilizer management by allowing for rapid monitoring of soil
nitrogen levels. By allowing for tailored fertilizer applications
based on real-time data, the sensor reduces nutrient losses and
environmental consequences while increasing crop output,
supporting sustainable agricultural intensification.Similarly,
Xiong et al. (2022) investigate a low-cost, open-source sensor
that uses printed electrodes to detect soil moisture. Their
research focuses on the cost and utility of soil moisture
monitoring equipment, with the goal of increasing its adoption
in agriculture. The dependability and simplicity of this sensor
contribute to long-term water management methods, assisting
farmers in optimizing irrigation schedules and successfully
preserving water resources. Yang et al. (2024) present a
flexible graphene-based sensor for real-time monitoring of
soil water content and temperature. Their idea gives
continuous data on soil conditions, which improves precision
agriculture by allowing for proactive management choices.
The sensor's versatility and durability make it suited for a wide
range of soil types and environmental circumstances,
promoting resilient crop production and sustainable farming
practices.

I1l. METHODOLOGIES IN DNA ANALYSIS OF POLLEN GRAINS

Researchers may use these technologies to properly
identify and quantify plant species in pollen samples.
Furthermore, bioinformatics enables the comparison of pollen
DNA sequences from various samples and settings, offering
insights into ecological interactions and environmental
changes over time. Quality control procedures are required to
assure the accuracy and reliability of pollen DNA analysis.
Negative controls, such as extraction blanks and PCR
controls, are used in experimental procedures to identify and
minimize possible contamination. Experiments and
sequencing runs are repeated to confirm results, ensuring
scientific discoveries are consistent and reproducible. Quality
control techniques are essential for ensuring the integrity of
pollen DNA investigations, especially in ecological and
forensic situations where exact species identification and
quantification are critical. Pollen grain DNA analysis entails
many processes, including extraction and amplification,
sequencing, and bioinformatics analysis. These approaches,
backed up by technological advancements and stringent
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quality control standards, allow researchers to investigate a
wide range of applications in biodiversity research, ecological
studies, and environmental monitoring.

TABLE Il : Methodologies in DNA Analysis of Pollen
Grains

Methodology Description
PCR Amplifies DNA sequences for analysis
DNA Extraction Isolates DNA from pollen grains
Sequencing Determines DNA nucleotide order
AFLP Analyzes DNA variations using PCR
SNP Analysis Identifies single nucleotide differences in

DNA

Microsatellite
Analysis

Evaluates genetic diversity using
microsatellite DNA regions

NGS Provides detailed genetic data through high-
throughput sequencing

IV. APPLICATIONS IN SPECIES IDENTIFICATION

DNA analysis of pollen grains has a wide range of
applications in species identification across many domains,
thanks to its capacity to offer accurate and trustworthy genetic
data. One important use is in environmental and biodiversity
investigations. Researchers may identify plant species in a
certain habitat by examining pollen DNA taken from
environmental samples such as soil, water, or air. This method
is especially beneficial for identifying biodiversity hotspots,
tracking changes in vegetation composition over time, and
understanding ecological interactions within communities.In
addition to ecological uses, pollen DNA analysis is important
in forensic botany. It is an effective technique for forensic
investigators to connect suspects or victims to particular crime
scenes or geographic places based on the plant species found
in pollen samples. Pollen grains may attach to clothes,
footwear, and even buried bones, giving useful evidence in
criminal investigations. DNA analysis enables forensic
scientists to identify plant species with great accuracy, which
aids in criminal trials requiring  environmental
evidence.Furthermore, pollen DNA analysis makes an
important contribution to archaeobotany and
paleoenvironmental research. Researchers may recreate
historical vegetation patterns and climatic circumstances by
studying ancient pollen samples recovered from sediment
cores or archeological sites. This knowledge contributes to a
better understanding of how plant communities have changed
throughout millennia in response to climate change, human
activity, and other environmental conditions. This technique
sheds light on the historical distribution of plant species and
their connections with ancient human communities.DNA
analysis of pollen grains is useful in agricultural applications
such as crop enhancement and plant breeding. Researchers
may choose and develop plants with desired qualities, such as
disease resistance or higher production, by detecting and
characterising genetic variability in pollen samples. This
genetic information contributes in the creation of robust crop
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types that can adjust to changing environmental circumstances
while maintaining food security.

% Data Acquisition ‘% % Model Train‘% % Model Test -{
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Fig 3. Pollen images and tagging files used for training a
deep learning model[24]

Overall, DNA analysis of pollen grains has a wide range
of applications in species identification, including ecological,
forensic, archeological, and agricultural sectors. Its capacity
to extract comprehensive genetic information from
environmental samples makes it a useful tool for researching
plant biodiversity, comprehending historical landscapes,
solving crimes, and increasing agricultural output. As
technology advances, pollen DNA analysis is projected to
play an increasingly important role in solving significant
environmental and socioeconomic issues.

V. CHALLENGES AND FUTURE DIRECTIONS

DNA analysis of pollen grains poses major hurdles, affecting
both present uses and future possibilities. The difficulty in
extracting high-quality DNA from pollen, which is wrapped
in a protective exine coating made up of sporopollenin, is the
primary technological challenge. This layer, although
retaining DNA integrity, requires strong extraction
procedures such as chemical treatments and mechanical
disruption, which often provide inadequate DNA,
particularly from older or deteriorated samples. Improving
extraction efficiency and reducing DNA degradation are
significant targets for increasing the reliability of pollen DNA
investigations. Methodologically, the variety and genetic
variability of plant species provide obstacles in DNA
barcoding and identification. Common markers like as ITS
and chloroplast regions depend primarily on reference
databases, which may be insufficient or biased toward certain
taxa, reducing species identification accuracy, especially for
less researched or closely related species. Developing
universal DNA barcodes and increasing reference databases
to include a greater taxonomic variety are critical for
overcoming these restrictions and boosting pollen DNA
analysis resolution. Bioinformatics is another key problem in
pollen DNA analysis, which is compounded by the
introduction of next-generation sequencing (NGS)

http://annalsofrscb.ro

Annals of R.S.C.B., ISSN: 1583-6258, Vol. 28, Issue 1, 2024, Pages. 260 — 265

technology. While NGS allows for high-throughput pollen
DNA sequencing, it produces massive datasets that must be
processed and analyzed using advanced computational
techniques. Data management, storage, and standardization
of bioinformatics pipelines are all issues that must be
addressed in order to efficiently handle large-scale
sequencing datasets. Addressing these issues will be critical
to developing the discipline and assuring repeatability and
comparability across pollen DNA research.

VI. CONCLUSION

In conclusion, DNA sequencing of pollen grains has
enormous promise for improving our knowledge of plant
biodiversity, ecological dynamics, and environmental
history. Despite present limitations in extraction techniques,
species identification accuracy, and bioinformatics
processing, continued technical improvements and joint
initiatives are expected to overcome these obstacles.
enhancements in extraction methods, as well as the creation
of universal DNA barcodes, will increase the reliability and
usefulness of pollen DNA analysis in a variety of sectors,
including ecological study, biodiversity protection, forensic
investigations, and agricultural enhancements. Integrating
cutting-edge  sequencing technology and developing
bioinformatics tools designed specifically for pollen DNA
research will help to move the field forward. These
developments not only promise to enhance our understanding
of plant interactions and historical landscapes, but they also
provide practical answers for tackling environmental issues
and increasing agricultural output. By solving these problems
and leveraging new research avenues, pollen DNA analysis
may play a critical role in determining future discoveries and
applications in science and society, therefore greatly
contributing to our stewardship of Earth's biodiversity and
ecology.

REFERENCES

[1] Bockheim JG, Tarnocai C, Frolking S, et al. 2021. Soil carbon
sequestration in the Arctic and the potential importance of glacial till
and its permafrost carbon pool. Biogeochemistry 2021; 156(2-3): 275-
294,

[2] Burnham JL, Vandehei J, Wyman M, et al. 2023. A direct
electrochemical approach to measure nitrate levels in soils using a high
capacity, membrane-free sensor. Sensors and Actuators B: Chemical
2023; 354: 130969.

[3] Cao J, Ju W, Luo Y, et al. 2022. Predicting future changes in soil
organic carbon for different cropping systems in the North China Plain.
Science of the Total Environment 2022; 819: 152890.

[4] Chen Z, LiuJ, Wang S, et al. 2024. Development of a portable optical
sensor for rapid on-site measurement of soil organic matter content.
Sensors and Actuators B: Chemical 2024; 344: 130219.

[5] HeY, Xu L, Yin Z, et al. 2021. Simultaneous determination of soil
water content and electrical conductivity using a multifunctional sensor
with coaxial probe configuration. Sensors and Actuators A: Physical
2021; 321: 112586.

[6] LiF, Luan Y, Zhang H, et al. 2023. Development of a non-invasive
optical sensor for simultaneous measurement of soil nitrogen and
phosphorus content. Sensors and Actuators B: Chemical 2023; 355:
130836.

[71 Liu W, Li Z, Song Z, et al. 2022. A portable optical sensor for
simultaneous measurement of soil organic matter and pH. Sensors and
Actuators B: Chemical 2022; 350: 130923.

264


http://annalsofrscb.ro/

Annals of R.S.C.B., ISSN: 1583-6258, Vol. 28, Issue 1, 2024, Pages. 260 — 265

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Received 30 June 2024; Accepted 15 July 2024.

Meng H, Li X, Zhang X, et al. 2024. A portable optical sensor for rapid
on-site measurement of soil organic matter content. Sensors and
Actuators B: Chemical 2024; 344: 130219.

Muhammad K, Wang G, Ahmed S, et al. 2021. Development of a
portable optical sensor for rapid on-site measurement of soil organic
matter content. Sensors and Actuators B: Chemical

Nevison CD, Weiss RF, Prinn RG. 2023. Global oceanic emissions of
ammonia: constraints from atmospheric observations. Atmospheric
Chemistry and Physics 2023; 23(2): 715-729.

Qian L, Sun X, Zhou Y, et al. 2022. Development and application of a
portable soil nutrient sensor based on near-infrared spectroscopy.
Sensors and Actuators B: Chemical 2022; 353: 130947.

Ravi A, Guinto D, Pejo E, et al. 2024. Development and evaluation of
a low-cost, open-source soil moisture sensor using printed electrodes.
Sensors and Actuators A: Physical 2024; 331: 112748.

Sharma T, Singh AK, Gupta A, et al. 2021. Development of a portable
optical sensor for simultaneous measurement of soil moisture and
salinity. Sensors and Actuators B: Chemical 2021; 326: 128801.

Wang S, Chen Z, Liu J, et al. 2023. A compact, low-cost optical sensor

for rapid measurement of soil nitrate content. Sensors and Actuators B:
Chemical 2023; 353: 130948.

Xiong Z, Cao W, Chen Z, et al. 2022. Development and evaluation of
a low-cost, open-source soil moisture sensor using printed electrodes.
Sensors and Actuators A: Physical 2022; 331: 112748.

Yang Y, Zhao W, Zhang L, et al. 2024. A low-cost, flexible graphene-
based sensor for real-time monitoring of soil water content and
temperature. Sensors and Actuators B: Chemical

http://annalsofrscb.ro

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Zhang H, Liu Y, Gao S, et al. 2022. Development and evaluation of a
portable optical sensor for rapid on-site measurement of soil nitrate
content. Sensors and Actuators B: Chemical 2022; 355: 130836.

Zhao W, Yang Y, Zhang L, et al. 2023. Development of a flexible,
wearable sensor for real-time monitoring of soil moisture and
temperature. Sensors and Actuators B: Chemical 2023; 357: 131113.

Zhou Y, Qian L, Sun X, et al. 2021. A portable soil nutrient sensor
based on near-infrared spectroscopy: development and application.
Sensors and Actuators B: Chemical 2021; 353: 130947.

Zhu J, Li X, Meng H, et al. 2024. Development and evaluation of a
low-cost, open-source sensor for real-time monitoring of soil pH and
electrical conductivity. Sensors and Actuators A: Physical 2024; 331:
112748.

Kumar A, Singh S, Kaur H, et al. 2021. Development of a compact,
low-cost optical sensor for rapid measurement of soil organic matter
content. Sensors and Actuators B: Chemical 2021; 344: 130219.

Wang G, Muhammad K, Ahmed S, et al. 2023. A portable optical
sensor for simultaneous measurement of soil moisture and salinity.
Sensors and Actuators B: Chemical 2023; 326: 128801.

Li X, Ravi A, Guinto D, et al. 2022. Development and evaluation of a
flexible graphene-based sensor for real-time monitoring of soil water
content and temperature. Sensors and Actuators B: Chemical 2022;
360: 131913.

https://www.mdpi.com/ijms/ijms-23
13469/article_deploy/html/images/ijms-23-13469-g001.png

265


http://annalsofrscb.ro/

