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                               Abstract 

A virtual herbarium is an organized digital collection of preserved plant specimens that are converted into high-
resolution images and stored in structured, searchable databases. The digitization of herbarium specimens has 
significantly improved plant taxonomy, biodiversity documentation, and botanical research by enabling global access 
to specimen data without the need for physical handling. Digital documentation of herbarium specimens involves the 
use of imaging equipment, image processing software, database management systems, and standardized metadata 
recording. The digitization workflow generally includes specimen preparation, imaging, image editing, metadata 
entry, quality verification, data uploading, and secure storage. Virtual herbaria are valuable tools for plant 
identification, academic teaching, biodiversity conservation, and research collaboration. However, the development of 
virtual herbaria also faces challenges such as the need for advanced equipment, skilled personnel, data management 
systems, and long-term digital storage. This review paper presents an overview of digital documentation tools, 
digitization workflow, benefits, and challenges involved in the establishment and management of virtual herbaria. 
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1. Introduction 
 
A herbarium is a systematically organized 
collection of preserved plant specimens that are 
dried, pressed, mounted on herbarium sheets, 
labeled, and stored for scientific study and 

reference. Herbarium specimens serve as 
permanent records for plant identification, 
taxonomy, nomenclature, biodiversity studies, and 
ecological research (Funk, 2003). They also 
provide valuable information on plant 
distribution, phenology, and habitat  

    

              DOI: http://dx.doi.org/10.22192/ijarbs.2026.13.04.002 



Int. J. Adv. Res. Biol. Sci. (2026). 13(4): 10-16 
     

11 

 

 
 
 
characteristics. Traditionally, herbarium 
collections are maintained in physical form, 
which limits accessibility as researchers are 
required to visit the herbarium in person. In 
addition, physical specimens are vulnerable to 
deterioration due to repeated handling, insect 
infestation, humidity, and other environmental 
factors (Thiers, 2020). 
 
To overcome these limitations, virtual herbaria 
have been developed as part of the digitization of 
biological collections. A virtual herbarium is a 
digital repository of plant specimens in which 
herbarium sheets are photographed or scanned 
into high-resolution images and stored in an 
electronic database along with detailed metadata 
(Nelson et al., 2015). These digital collections 
allow researchers, taxonomists, students, and 
conservationists to access plant specimen 
information remotely from anywhere in the world. 
Virtual herbaria play a crucial role in plant 
identification, taxonomy, ecological research, 
biodiversity conservation, and digital education. 
Furthermore, they support global data sharing and 
collaboration among scientists and institutions, 
contributing significantly to biodiversity 
informatics and conservation efforts (Smith et al., 
2013). 
 
The main objective of this review paper is to 
present a comprehensive understanding of virtual 
herbaria and their importance in modern botanical 
research and biodiversity conservation. This 
review aims to examine the various digital 
documentation tools used in herbarium 
digitization, including imaging equipment, image 
processing software, database management 
systems, and online data-sharing platforms. It also 
focuses on explaining the standard workflow 
followed in the digitization process, including 
specimen preparation, imaging, image processing, 
metadata entry, quality control, data uploading, 
and digital storage. Furthermore, the review 
highlights the importance of standardized 
metadata and database management systems in 
maintaining digital herbarium records. The paper 
also aims to discuss the major advantages of 
virtual herbaria in taxonomy, ecological research, 
education, and biodiversity conservation, while  

 
 
 
also identifying the challenges such as the need 
for technical expertise, equipment cost, and long-
term data storage. Finally, the review explores 
future prospects and the role of digital 
technologies in the development of global virtual 
herbarium networks and biodiversity informatics. 
 

2. Digital Documentation Tools for 
Virtual Herbaria 
 
2.1 Imaging Tools 
 
High-quality imaging is the most critical step in 
herbarium digitisation because the digital image 
serves as a permanent visual record of the 
specimen. The accuracy of plant identification 
and taxonomic study in virtual herbaria largely 
depends on image clarity, colour accuracy, and 
resolution. Therefore, proper imaging tools and 
standardised imaging techniques are essential for 
creating reliable digital herbarium records 
(Nelson et al., 2015). 
 

Common imaging tools used in herbarium 
digitisation include DSLR or mirrorless digital 
cameras, flatbed scanners, and high-resolution 
mobile cameras. Digital cameras are widely used 
because they can capture high-resolution images 
with accurate colour reproduction and fine 
morphological details. Flatbed scanners are 
suitable for small and flat specimens, as they 
provide uniform lighting and high image 
resolution. High-resolution mobile cameras are 
also increasingly used for herbarium digitisation 
due to their portability and ease of use, especially 
in field conditions and small herbaria (iDigBio, 
2020). 
 

In addition to cameras and scanners, a copy stand 
with a proper lighting system is used to hold the 
camera in a fixed position and to provide uniform 
illumination across the specimen. Proper lighting 
is essential to avoid shadows, reflections, and 
color distortion. A scale bar and color chart are 
also included in each image to indicate the actual 
size of the specimen and to maintain color 
accuracy, which is important for taxonomic 
studies and digital comparison of specimens 
(GBIF, 2021). 
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Thus, the use of appropriate imaging tools and 
standardised imaging methods ensures the 
production of high-quality digital images, which 
form the foundation of an effective virtual 
herbarium database. 
 
2.2 Software Tools 
 
Various software tools are used in virtual 
herbarium digitization for image editing, database 
management, herbarium data storage, and 
metadata entry. These software tools play an 
important role in organizing, managing, and 
maintaining digital herbarium records in a 
systematic and searchable format. Image editing 
software is used to process herbarium specimen 
images by cropping, adjusting brightness and 
contrast, correcting color balance, and improving 
image clarity. Commonly used image editing 
software includes Adobe Photoshop and GIMP, 
which help in improving image quality and 
preparing images for digital storage (iDigBio, 
2020). 
 
Database management software such as MS 
Access and MySQL is used to store and manage 
herbarium specimen data, including scientific 
name, family, locality, collector name, and 
accession number. These databases allow easy 
searching, sorting, filtering, and retrieval of 
specimen information. Herbarium management 
software such as BRAHMS (Botanical Research 
and Herbarium Management System) and Specify 
are specially designed for managing biological 
collections and herbarium databases. These 
software programs integrate specimen data, 
images, taxonomy, and collection management 
into a single digital platform (Nelson et al., 2015). 
 
Cloud storage platforms such as Google Drive 
and Dropbox are commonly used for image 
storage and data backup. These platforms provide 
secure storage, easy sharing, and remote access to 
herbarium images and databases. Metadata entry 
is often carried out using spreadsheet software 
such as MS Excel, which helps in organizing 
specimen data in a standardized format before 
importing it into the herbarium database. Proper 
use of these software tools ensures efficient data  

 
 
 
management, long-term storage, and easy 
accessibility of digital herbarium records (GBIF, 
2021). 
 
2.3 Data Recording Tools (Metadata) 
 
Accurate data recording is an essential component 
of herbarium digitization because the scientific 
value of a specimen depends not only on the 
image but also on the associated specimen 
information. This information, known as 
metadata, provides complete details about the 
plant specimen, its collection, and its ecological 
background. Proper metadata helps in plant 
identification, taxonomy, biodiversity studies, 
ecological research, and conservation planning 
(Nelson et al., 2015). 
 
Each herbarium specimen should include standard 
metadata fields such as scientific name, family, 
collector name, collection number, date of 
collection, locality, GPS coordinates, habitat, 
description, uses, and accession number. The 
scientific name and family provide taxonomic 
information, while the collector name and 
collection number serve as reference details for 
specimen verification. Locality and GPS 
coordinates provide geographical information, 
which is useful for biodiversity mapping and 
distribution studies. Habitat and description give 
ecological information about the plant, and 
accession number serves as a unique 
identification number for each specimen in the 
herbarium database (GBIF, 2021). 
 
To maintain uniformity and standardization in 
data recording, international metadata standards 
such as Darwin Core are used in virtual herbarium 
databases. Darwin Core provides a standardized 
set of terms and formats for recording biodiversity 
data, which helps in data sharing, database 
integration, and global accessibility of herbarium 
records. Standardized metadata recording 
improves data quality, interoperability, and long-
term usability of digital herbarium collections 
(Wieczorek et al., 2012). 
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2.4 Online Platforms for Virtual Herbaria 
 
Online platforms play a crucial role in the 
development and accessibility of virtual herbaria 
by enabling the sharing of digitised plant 
specimen data at a global level. These platforms 
act as centralised repositories where herbarium 
images and associated metadata can be stored, 
accessed, and analysed by researchers, 
taxonomists, students, and conservationists 
worldwide. The integration of herbarium 
databases with such platforms enhances data 
visibility, promotes scientific collaboration, and 
supports biodiversity research and conservation 
efforts (Nelson et al., 2015). 
 
Several international platforms are widely used 
for hosting and sharing digital herbarium data. 
The Global Biodiversity Information Facility 
(GBIF) provides open access to biodiversity data 
from across the world and supports data 
standardisation and interoperability. JSTOR 
Global Plants is a well-known digital resource 
that offers access to high-resolution images of 
plant type specimens and related botanical 
literature. The Integrated Digitised Biocollections 
(iDigBio) platform focuses on digitizing and 
providing access to biological collections, 
including herbarium specimens. In India, the 
India Biodiversity Portal serves as an important 
platform for documenting and sharing 
biodiversity data, including plant species, and 
encourages citizen science participation (GBIF, 
2021; iDigBio, 2020). 
 
These platforms allow global access to plant 
specimen data, facilitate taxonomic verification, 
and support large-scale biodiversity studies. They 
also promote data sharing among institutions and 
contribute to the development of global 
biodiversity informatics networks. Thus, online 
platforms are essential components of virtual 
herbaria, enabling efficient data dissemination 
and long-term digital preservation (Smith et al., 
2013). 

 
 
 

 
 
3. Workflow for Virtual 
Herbarium Digitisation 
 
The digitisation of herbarium specimens follows a 
systematic workflow to ensure consistency, 
accuracy, and scientific reliability of digital 
records. This process begins with specimen 
preparation and imaging, which are fundamental 
steps in creating a high-quality virtual herbarium 
(Nelson et al., 2015). 
 
The first step, specimen preparation, involves 
properly drying and mounting plant specimens on 
herbarium sheets to preserve their morphological 
features. Each specimen is carefully labelled with 
complete collection information, including 
scientific name, collector details, locality, and 
date of collection. Additionally, a unique 
accession number and barcode are assigned to 
each specimen for proper identification and 
tracking within the herbarium database (Thiers, 
2020). 
 
The second step is imaging, where the prepared 
herbarium specimen is placed on a scanner or an 
imaging table equipped with a camera system. 
High-resolution images are captured, typically at 
300–600 dpi, to ensure that fine morphological 
details are clearly visible. During imaging, a scale 
bar and colour chart are included in the frame to 
provide accurate size reference and maintain color 
consistency. The barcode is also included in the 
image to link the digital file with its 
corresponding database record. Proper imaging 
techniques are essential for generating reliable 
digital specimens that can be used for taxonomic 
and research purposes (idigbo, 2020; GBIF, 
2021). 
 
Following image capture, the next step in the 
digitization workflow is image processing. In this 
stage, the captured images are refined to improve 
their clarity and usability. This includes cropping 
the image to remove unnecessary background, 
adjusting brightness and contrast to enhance 
visibility, and correcting color balance if required. 
The processed images are then saved in standard 
formats such as TIFF or JPEG to ensure  
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compatibility and long-term storage. Each image 
file is renamed using the accession number of the 
specimen, which helps in maintaining proper 
linkage between the digital image and its 
corresponding database record (iDigBio, 2020). 
 
The subsequent step is metadata entry, which 
involves recording detailed information about 
each specimen into a digital database. This 
includes taxonomic details, collection data, 
locality, and ecological information. Standardized 
data formats such as Darwin Core are followed to 
ensure uniformity, accuracy, and interoperability 
of data across different herbarium databases. 
Proper metadata entry is essential for efficient 
data retrieval, sharing, and integration with global 
biodiversity platforms (Wieczorek et al., 2012). 
 
Quality control is another critical step in the 
digitization workflow, ensuring the reliability and 
accuracy of both images and associated data. 
During this stage, images are checked for clarity, 
resolution, and completeness. Scientific names are 
verified for correctness, and label information is 
cross-checked with the database entries to avoid 
errors. Any discrepancies identified are corrected 
before final submission, ensuring that the digital 
herbarium records meet scientific standards 
(Nelson et al., 2015). 
 
The next step in the workflow is uploading the 
digitized data to a virtual herbarium system. In 
this stage, the processed images along with their 
corresponding metadata are uploaded to a 
herbarium database or online biodiversity 
platforms. This step ensures that the digitized 
specimens become accessible to researchers, 
students, and conservationists worldwide. 
Uploading data to centralized databases also 
facilitates data sharing, collaboration, and 
integration with global biodiversity networks, 
thereby enhancing the scientific value and 
visibility of herbarium collections (GBIF, 2021; 
Smith et al., 2013). 
 
The final step in the digitization process is data 
backup and storage, which is essential for the 
long-term preservation and security of digital 
records. All images and associated metadata are  

 
 
 
stored in external storage devices such as hard 
disks, and additional backups are maintained 
using cloud storage systems. Regular backups 
help prevent data loss due to technical failures, 
accidental deletion, or system errors. Proper data 
storage and backup strategies ensure the 
sustainability and reliability of virtual herbarium 
databases over time (Nelson et al., 2015). 
 

4. Advantages of Virtual Herbaria 
 
Virtual herbaria offer numerous advantages that 
significantly enhance botanical research, 
education, and biodiversity conservation. One of 
the major benefits is the ability to provide easy 
and global access to plant specimens, allowing 
researchers, taxonomists, and students to study 
herbarium materials remotely without the need for 
physical visits (Smith et al., 2013). This 
accessibility promotes scientific collaboration and 
data sharing among institutions across different 
regions. 
 
Another important advantage is the protection of 
rare, fragile, and valuable herbarium specimens 
from physical damage. Since digital images can 
be accessed repeatedly, the need for handling 
original specimens is minimized, thereby 
reducing the risk of deterioration due to 
environmental factors or frequent use (Thiers, 
2020). Virtual herbaria are also highly useful for 
online teaching and digital learning, as they 
provide readily available visual resources for 
students and educators. 
 
In addition, virtual herbaria support plant 
taxonomy and biodiversity research by providing 
high-quality images and standardized metadata, 
which facilitate species identification, 
comparison, and classification. They also help 
save time and travel costs for researchers by 
eliminating the need to visit multiple herbaria 
physically (Nelson et al., 2015). Furthermore, 
virtual herbaria contribute to biodiversity 
conservation planning by providing valuable data 
on species distribution, habitat, and ecological 
characteristics. 
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Finally, digital herbarium systems enable efficient 
data sharing and collaboration through integration 
with global biodiversity platforms. This enhances 
the availability and usability of plant data for 
scientific studies, environmental monitoring, and 
conservation strategies (GBIF, 2021). Overall, 
virtual herbaria represent a powerful tool in 
advancing modern botanical sciences. 
 

5. Challenges in Virtual 
Herbarium Development 
 
Despite their numerous advantages, the 
development and maintenance of virtual herbaria 
involve several challenges that can affect their 
efficiency and sustainability. One of the primary 
challenges is the requirement for high-quality 
imaging equipment, such as advanced digital 
cameras, scanners, and lighting systems, which 
can be expensive and may not be easily accessible 
to smaller institutions (Nelson et al., 2015). The 
initial setup cost for digitization infrastructure can 
therefore be a significant limitation. 
 
Another major challenge is that data entry and 
metadata preparation are time-consuming 
processes. Accurate recording of specimen 
details, including taxonomic and ecological 
information, requires careful verification and 
adherence to standardized formats such as Darwin 
Core. This process demands both time and 
precision, especially when dealing with large 
herbarium collections (Wieczorek et al., 2012). 
 
The need for trained technical staff is also an 
important concern. Personnel involved in 
herbarium digitization must be skilled in imaging 
techniques, data management, and the use of 
specialized software systems. Lack of trained staff 
can lead to errors in data entry, poor image 
quality, and inefficient workflow management 
(Thiers, 2020). 
 
In addition, digital storage and data backup 
management present ongoing challenges. Large 
volumes of high-resolution images and associated 
metadata require substantial storage capacity and 
reliable backup systems to prevent data loss.  

 
 
 
Institutions must invest in both physical storage 
devices and cloud-based solutions to ensure long-
term data preservation (GBIF, 2021). 
 

Finally, continuous software and database 
maintenance is required to keep virtual herbarium 
systems functional and up to date. This includes 
updating software, managing databases, ensuring 
data security, and maintaining compatibility with 
global data standards. Without proper 
maintenance, digital systems may become 
outdated or inefficient over time (Smith et al., 
2013). 
 

6. Future Prospects 
 

The future of virtual herbaria is promising, with 
rapid advancements in digital technologies 
expected to further enhance their efficiency and 
scientific value. One of the most significant 
developments is the application of artificial 
intelligence (AI) in plant identification, where 
machine learning algorithms can assist in 
recognizing plant species based on digital images, 
thereby supporting taxonomic research and 
reducing identification time (Smith et al., 2013). 
 
The development of online global herbarium 
networks is another important prospect, enabling 
the integration of multiple herbarium databases 
into unified platforms. Such networks will 
promote large-scale data sharing, international 
collaboration, and improved accessibility to 
biodiversity information (GBIF, 2021). 
Additionally, emerging technologies such as 3D 
imaging are expected to provide more detailed 
visualization of plant specimens, allowing 
researchers to study morphological features more 
accurately than traditional two-dimensional 
images (Nelson et al., 2015). 
 
 
Integration of virtual herbaria with Geographic 
Information Systems (GIS) will further enhance 
biodiversity mapping and ecological analysis by 
linking specimen data with spatial distribution 
patterns. This will be particularly useful in 
monitoring species distribution, habitat changes, 
and the impacts of climate change. Moreover, 
mobile-based herbarium documentation is gaining  
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importance, as smartphones and portable devices 
enable real-time data collection, image 
capture,and direct uploading to digital databases, 
making fieldwork more efficient and accessible 
(iDigBio, 2020). 
 
Overall, virtual herbaria are expected to play a 
crucial role in biodiversity conservation, climate 
change studies, and the advancement of digital 
taxonomy. Their continued development will 
strengthen global efforts in preserving plant 
diversity and supporting sustainable 
environmental management. 
 

7. Conclusion 
 
Digital documentation and virtual herbaria have 
emerged as essential tools in modern botanical 
science, enabling the preservation of plant 
specimens in digital form and facilitating global 
access to biodiversity data. By converting 
physical specimens into high-resolution digital 
records, virtual herbaria overcome the limitations 
of traditional collections and support efficient 
data sharing and scientific collaboration (Smith et 
al., 2013). The successful development of a 
virtual herbarium depends on a well-structured 
workflow, the use of appropriate imaging 
techniques, accurate metadata recording, and 
effective database management systems (Nelson 
et al., 2015). 
 

Virtual herbaria play a significant role in plant 
taxonomy, ecological research, and academic 
education by providing easily accessible and 
reliable specimen data. They also contribute to 
biodiversity conservation by supporting species 
documentation, distribution studies, and 
environmental monitoring (GBIF, 2021). As 
digital technologies continue to advance, virtual 
herbaria will remain important resources for 
researchers, educators, and conservationists, 
ensuring the long-term preservation and 
utilisation of plant biodiversity information. 
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