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Plant identification through mobile apps has gradually grown in 
popularity over time. With the emergence of a variety of plant 
identification applications, problems arise in terms of misidentification 
of plant species through these applications. Hence, this research aims 
to assess the accuracy of mobile applications designed for identifying 
tropical plant species, which are essential for biodiversity research and 
conservation in tropical regions. The study tested five selected tropical 
plant identification applications, in particular PlantNet, PlantSnap, 
iNaturalist, PictureThis, and LeafSnap, against a reliable botanical 
database at the Penang Botanical Garden, using a varied sample of 100 
plant taxa, including trees, shrubs, and herbaceous plants. The 
evaluation of the applications' accuracy was conducted at three 
taxonomic levels: species, genus, and family. The results indicated that 
PlantNet achieved the highest accuracy at the species level, while 
iNaturalist performed best at the genus level. The proposed procedure 
emphasizes key factors including lighting conditions, image focus, 
viewing angles, plant morphological characteristics, and the inclusion 
of relevant metadata. The findings highlight the potential of mobile 
plant identification applications as valuable tools for biodiversity 
documentation and conservation, while also emphasizing the 
importance of proper image acquisition techniques to enhance 
identification reliability. 
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1. Introduction 

Plants are among the most abundant organisms on Earth, with an estimated 500,000 land species, many of which 
thrive in the tropics where diversity is especially high [1]. This elevated diversity, largely due to favorable 
environmental factors such as abundant sunlight, rainfall, and nutrient-rich soils, is referred to as the latitudinal 
diversity gradient. Plant identification plays a vital role across various fields, including agriculture, medicine, 
ecological research, and biodiversity conservation. However, traditional methods of plant identification, which 
require trained taxonomists to assign taxonomic labels, face challenges such as financial limitations and a shortage 
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of taxonomic experts, known as “taxonomic impediment” [2, 3, 4]. Additionally, fluctuating environmental and 
climatic conditions in tropical regions make the identification process even more challenging [5]. 

The advent of mobile plant identification applications marks a significant step forward in the field of botany, 
offering an alternative to the traditional methods. These mobile applications leverage image recognition and 
machine learning technologies, enabling users to identify plant species quickly and easily using smartphone 
cameras [6]. This accessibility removes the need for specialised botanical knowledge and makes plant 
identification accessible to a broader audience. Mobile identification apps can analyse plant organs, their 
characteristics, and even complex images, thereby decentralising the identification process and making it easier 
for users to engage with nature and appreciate plant diversity. Furthermore, these apps contribute valuable data 
on plant abundances and distributions, which can assist scientists in managing ecosystems and biodiversity [4,6]. 

Despite their potential, mobile plant identification apps have seen limited application within tropical forest 
ecosystem due to the vast diversity of plant species in these regions, making accurate identification challenging 
[1, 3]. Few studies have examined the taxonomic accuracy of these applications for tropical species, though such 
research is essential to assess their effectiveness. This study seeks to evaluate mobile applications’ performance 
in identifying tropical plants accurately, especially for species with well-documented databases, and to establish 
a procedure for effective tropical plant photography, which may enhance app accuracy in these biodiverse regions. 

2. Methodology 

2.1 Identification of Key Online Plant Identification Applications 

The objective of the study was to identify the top five key mobile apps for plant identification by assessing them 
based on five essential criteria. These criteria included features and functionality, such as the provision of extra 
plant information, interactive tools, and compatibility with both Android and iOS devices. Usability and interface 
were evaluated with an emphasis on user-friendliness and offline capabilities to enhance accessibility. The 
affordability and availability of each application were also considered to ensure they were reasonable and widely 
distributed. User reviews and ratings from platforms including the Google Play Store and Apple App Store were 
utilised to assess customer satisfaction. Furthermore, an analysis of the marketing strategies used by developers 
was conducted to gain insight into how they promoted the app’s advantages. Following this assessment, the apps 
that made the shortlist underwent further in-depth testing. 

Table 1 Top 5 online plant identification applications available online 

Application Logo 
Developer 

Information 
Origin 

Year of 
Release 

Number 
of users 

Number of 
plants 

identified 

PlantNet 
 

CIRAD, INRA, 
INRIA, IRD, 

and Tela 
Botanica 

France 2010 
Over 12 
million 
users 

Over 20,000 
plant species 

PlantSnap 
 

PlantSnap, 
Inc. 

USA 2017 
Over 35 
million 
users 

More than 
600,000 plant 

species 

PictureThis 
 

Glority China 2018 
Over 50 
million 
users 

Approximately 
17,000 species 

iNaturalist 

 

Jointly 
managed by 

California 
Academy of 

Sciences and 
National 

Geographic 
Society 

USA 2008 
Over 5 
million 
users 

Specific 
number is 

unavailable as 
it includes 
plant and 

animal data 
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Application Logo 
Developer 

Information 
Origin 

Year of 
Release 

Number 
of users 

Number of 
plants 

identified 

LeafSnap 
 

Collaboration 
between 
Columbia 

University, 
University of 

Maryland, 
and 

Smithsonian 
Institution 

USA 2011 
Over 1 
million 
users 

Approximately 
90 tree species 

in the USA 

2.2 Study Site and Reference Database 

To guarantee accuracy and consistency in the evaluation of plant identification applications, a dependable 
database was necessary. The Penang Botanical Garden was selected as the research location because of its 
extensive record-keeping system that employs the BRAHMS (Botanical Research and Herbarium Management 
System) database. Established in 2014 with assistance from the Forest Research Institute Malaysia (FRIM), this 
system is acknowledged as one of the most precise databases available. The BRAHMS database, along with its 
thorough herbarium records, was created under the supervision of FRIM’s Flora Biodiversity Program. 
Additionally, the limited number of studies carried out at the Penang Botanical Garden underscored its importance 
as an underappreciated yet vital research site. A permit was acquired from the garden authorities to carry out the 
study in August – September 2024 and utilising its detailed plant species database for consistent testing. 

2.3 Testing of Selected Plant Identification Applications Against an Established 
Database 

The precision of the five plant identification apps was evaluated against the reliable database supplied by the 
botanical garden. Specifically, the established botanical database software, BRAHMS, served as a point of reference 
to check the accuracy of the five plant identification apps used in the botanical garden. A sample of 100 plant taxa 
was utilised for this study. This included trees, herbaceous plants, and shrubs, with a focus on recognising tropical 
plant species. Each application was assessed with the sample size, and the outcomes were noted and documented. 
Both the respective formulae used for calculating the accuracy and inaccuracy rates for each application have been 
listed as follows: 
 

𝐴𝑐𝑐𝑢𝑟𝑎𝑟𝑦 𝑟𝑎𝑡𝑒(%) =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑐𝑐𝑢𝑟𝑎𝑡𝑒 𝐼𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠
𝑥 100 (1) 

  

𝐼𝑛𝑎𝑐𝑐𝑢𝑟𝑎𝑟𝑦 𝑟𝑎𝑡𝑒(%) =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐹𝑎𝑖𝑙𝑒𝑑 𝐼𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠
𝑥 100 (2) 

 
The effectiveness of the plant identification applications was evaluated by determining the accuracy and 
inaccuracy percentages of each application against a pre-established database. These percentages represent the 
share of correct and incorrect identifications for each application. To compute these rates, the precision of each 
identification was first examined. The levels used to determine precision included accurate to species, accurate to 
genus, accurate to family, and incorrect identifications. The total number of identifications was compiled to derive 
the respective rates. This involved dividing the count of correct or incorrect identifications by the overall total and 
then converting that figure into a percentage. Subsequently, the percentages for each application were compared 
to identify which application was the most effective for precise plant identification. 

2.4 Selection of Key Morphological Characteristics for Formation of an Accurate Plant 
Identification Procedure 

To create an efficient procedure for plant identification, the features of the top mobile plant identification apps 
were examined in detail. Observations focused on how well the app performed with various morphological traits 
of plants. These morphological observations included vegetative traits, such as leaf shape, bark texture, and 
branching patterns, along with reproductive traits, which covered flowers and fruits. Subsequently, a standardised 
procedure for identifying plants through mobile applications was developed based on the findings from 
morphological observations. 
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3. Results and Discussion 

3.1 Evaluation of Taxonomic Accuracy 

The taxonomic accuracy of five widely used mobile plant identification applications—PlantNet, PlantSnap, 
PictureThis, iNaturalist, and LeafSnap—was evaluated using 100 tropical plant taxa comprising trees, shrubs, and 
herbaceous species. Each plant sample was independently assessed using all five applications, and the 
identification results were compared against verified taxonomic records obtained from the BRAHMS database at 
the Penang Botanical Garden. The overall accuracy of each application at the species, genus, and family levels is 
presented in Table 2 while selected examples of identification outcomes from each application are provided 
below. 

Table 2 Overall results of data testing and analysis using the top 5 plant identification applications 

Plant Identification 
Applications 

Accuracy rate (%)  

Inaccuracy rate (%) Species Genus Family 

PlantNet 39 25 14 22 

PlantSnap 22 28 27 23 

PictureThis 32 27 19 22 

iNaturalist 32 30 10 28 

LeafSnap 26 26 22 26 

 
At the species level, PlantNet achieved the highest accuracy rate of 39%, followed by PictureThis and 

iNaturalist, each with an accuracy of 32%. LeafSnap recorded an accuracy of 26%, while PlantSnap possessed the 
lowest accuracy at species level, 22%. These findings suggest that PlantNet is especially effective for identifying 
tropical plant species, likely due to its comprehensive database and emphasis on biodiversity, alongside a 
comprehensive tutorial about photography of plant organs [7]. 

At the genus level, however, iNaturalist recorded the highest accuracy rate at 30%, closely followed by 
PlantSnap at 28% and PictureThis at 27%. LeafSnap and PlantNet showed slightly lower accuracy rates at 26% 
and 25%, respectively. The more optimal performance of iNaturalist at this taxonomic level indicates that its 
identification algorithm is better at recognising broader plant features that are common among genera [9]. The 
similar accuracy rates among the applications at this level suggest that identifying genera is typically less difficult 
than identifying species. Nevertheless, the decrease in PlantNet's accuracy at this level in comparison to its 
species-level performance implies that its algorithm may focus more on specific details rather than overall 
characteristics. The relatively low accuracy of PlantSnap indicates challenges in recognising specific species traits, 
which may result from its dependence on a more generalised database [9]. 

Identification of plant species at the family level has yielded results where PlantSnap (27%) and LeafSnap 
(22%) outperformed the other apps. iNaturalist, which was highly effective in identifying genus and species, only 
achieved 10% accuracy at the family level, suggesting a possible weakness in recognising family traits. This 
difference in performance may stem from iNaturalist’s focus, which emphasises detailed identification at the 
species and genus levels rather than broader taxonomic categories. PlantSnap's superior performance at the 
family level demonstrates its capability to effectively generalise plant characteristics [10]. 

Upon reviewing the inaccuracy rates, iNaturalist had the highest at 28%, while PlantSnap followed closely at 
23%, and LeafSnap recorded 26%. PlantNet, PictureThis, and LeafSnap all displayed an equal inaccuracy rate of 
22%. These results indicate that although iNaturalist excels in specific taxonomic categories, it tends to make more 
mistakes overall, potentially due to its dependence on user-submitted images and feedback. The reduced 
inaccuracy rates of PlantNet and PictureThis highlight their reliability, especially in identifying species and genera 
[11]. 

In summary, PlantNet exhibited consistently high accuracy at all taxonomic levels, making it a trustworthy 
option for tropical plant identification. iNaturalist also showed good performance, especially at the genus level, 
although its rates of inaccuracy were significant. PictureThis demonstrated a balanced level of accuracy across 
various taxonomic levels, making it appropriate for general use. LeafSnap and PlantSnap showed less consistent 
results, suggesting that there is potential for enhancements in both their databases and identification algorithms. 
[7] [8]. 
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3.2 Recommended Procedure for Tropical Plant Photography to Improve 
Identification Accuracy 

The success of tropical plant identification applications particularly PlantNet, iNaturalist, PictureThis, PlantSnap, 
and LeafSnap largely relies on the caliber or quality and uniformity of the images submitted by users. The 
suggested photography guidelines focus on essential elements of photo capturing to improve the precision of 
these apps, considering their distinct advantages and drawbacks, as well as their inherent accuracy. 

Effective lighting is a crucial aspect for clearly capturing plant characteristics. Utilising natural, soft light 
minimises glare and shadows, which are frequent sources of inaccuracies for applications such as PlantNet and 
iNaturalist, relying on precise visual information to identify subtle structural features [1]. Excessive brightness 
can hide key traits, particularly impacting apps such that PictureThis and PlantSnap, which have difficulty with 
high light levels [9]. 

Maintaining sharp focus is another crucial factor, as blurred images hinder the ability of all apps to recognise 
patterns accurately. This is especially critical for LeafSnap, which emphasises leaf morphology, and for PlantSnap, 
which exhibits lower accuracy when the image lacks clarity [8]. Additionally, using a plain or contrasting 
background isolates the plant from distracting elements, allowing the algorithms in PlantNet and LeafSnap to 
better process key features [8]. For iNaturalist, a natural background can also provide contextual ecological data, 
which is integrated into its identification system [11]. 

Taking photographs from various angles of the plant improves the accuracy of identification. Aerial shots, side 
views, and detailed close-ups of key diagnostic features such as flowers, fruits, and stems are especially useful for 
applications such as PlantNet and iNaturalist, which emphasise structural and organ-specific characteristics [1]. 
It is important to capture the undersides of leaves for LeafSnap, as this application focuses on leaf traits during 
the identification process. Including a reference for scale, such as a coin, a hand, or a ruler, is crucial for apps such 
as PlantSnap and PictureThis, which often have difficulties with size-related traits [9]. 

The procedure highlights the significance of capturing images of plant parts, including flowers, fruits, leaves, 
and stems, as these typically possess the most recognisable taxonomic characteristics. Key organs of the plant are 
given priority during the identification process. The ideal work flow would involve beginning with photos of the 
bark of the sample, followed by back and front images of leaf patterns, inflorescence, fruit, and lastly an overall 
image of the sample. PlantNet and iNaturalist significantly enhance their results with detailed images of specific 
organs, while PictureThis and PlantSnap achieve better accuracy when several organs are present in the image 
[8]. 

Ultimately, including metadata such as location, habitat type, and collection date significantly enhances the 
accuracy of identification. For instance, iNaturalist integrates geographic and ecological information into its 
machine learning framework, making metadata a crucial component of its identification methodology [11]. 
Likewise, PlantNet leverages regional databases to improve its matching process, highlighting the importance of 
location data (Figure 1) [10]. Although PictureThis and PlantSnap are primarily focused on images, metadata still 
aids species verification by aligning the images with established regional plant distributions. 
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(a) (b) 

Fig. 1 Metadata provided by (a) PlantNet; and (b) iNaturalist 

By adopting this procedure, users can enhance the performance of all the assessed applications. PlantNet and 
iNaturalist, which already demonstrate high accuracy levels, gain the most from organised image and metadata 
submissions. Nevertheless, even applications with lower accuracy, such as PictureThis, PlantSnap, and LeafSnap, 
can see better outcomes when this method is consistently applied. Therefore, this method provides a uniform 
guideline for photographing tropical plants, tackling the intrinsic challenges associated with the biodiversity and 
complexity of tropical vegetation. 

4. Conclusion 

To conclude, assessing mobile plant identification apps and creating a procedure or methodology for photography 
of tropical plant species highlights the vital importance of obtaining high-quality images and relevant metadata 
for improving accuracy. Applications such as PlantNet and iNaturalist perform exceptionally well when they 
receive clear, well-lit images that showcase multiple perspectives, specific plant parts, and contextual information. 
PlantNet is highly suited for conservation efforts. Meanwhile, PictureThis, PlantSnap, and LeafSnap demonstrate 
enhanced effectiveness under similar conditions. The established procedure, which addresses factors such as 
lighting, focus, background, scale, and ecological metadata, serves as a practical resource for users seeking to 
maximise app performance. By tackling the complexities of tropical biodiversity, this methodology fosters more 
dependable taxonomic identifications, aiding efforts in research, education, and conservation. In terms of 
recommendations, implementation of metadata into these applications looks to be essential as apps that possess 
such features proven to be more reliable. This is the case for both PlantNet and iNaturalist. Besides that, 
specialisation between applications also can be an improvement as some applications such as PlantNet and 
iNaturalist are more suited to conservation and research, while the other three applications look to be more 
tutored to gardening. Lastly, strategic collaboration between the Malaysia Biodiversity Information System 
(MyBIS) and existing mobile plant identification applications would significantly enhance the overall accuracy and 
reliability of plant identification, particularly through the integration of comprehensive floral and taxonomic data 
from Malaysia. Such integration would not only strengthen regional biodiversity documentation and conservation 
efforts but also contribute valuable, high-quality data to global plant identification platforms, thereby supporting 
international research, cross-border biodiversity monitoring, and global conservation initiatives. 
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