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Abstract 

 
For gardening plants on a smart farm, monitoring and tracking all state changes of plants is important. A 

Non-Fungible Token (NFT) is a unique and immutable digital asset recorded on the blockchain. Using NFT, it is 
possible to record all collected data from smart farm in blockchain and track historical data. However, NFT has 
static characteristics that do not change, so it does not consider the growth of plants and can't represent real plants. 
This paper proposes dynamic Non-Fungible Token (dNFT) plants synchronized with real plants through IoT 
monitoring. The dNFT plant is a unique digital asset synchronized with real plants using IoT data, motivating 
owners to actively care for their real plants to obtain upgraded dNFT plants. The experiment results demonstrate the 
suitability of dNFT plants in smart farms by explaining the detailed process of minting and synchronizing with 
merkle tree verification. 
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1. Introduction 

A Non-Fungible Token (NFT) is a unique 
and immutable digital asset recorded on the 
blockchain. NFTs have the characteristic of the 
key information, including properties and 
owner information, written in metadata and 
never modified. However, implementing NFTs 
in diverse domains occasionally requires 
modifications or updates based on interactions 
with the real world. This limitation can be 
addressed by dynamic NFTs (dNFTs), which 
allow the NFT to automatically change its 
metadata based on external conditions in the 
real world [1]. dNFTs have been utilized across 
various areas due to their ability to update in 
response to events such as the passage of time, 

goal achievements, record updates, and value 
changes [2]. Additionally, applying dNFT 
technology to medical devices and 
second-hand vehicles has been studied in 
previous research for recording and tracking 
changes triggered by specific events in the real 
world [3], [4]. Based on dNFT use cases and 
studies, it is fitting to implement dNFTs for 
monitoring and managing plants in smart farms, 
where recording and tracking plant states is 
crucial. In this paper, we propose a system 
model for dNFT plants that dynamically 
updates by synchronizing with real-world 
plants through IoT monitoring. The proposed 
system can motivate owners to actively care for 
their real plants to obtain upgraded dNFT 
plants.
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Fig.  1. MetaGarden: Metaverse Garden System 

2. Proposed Methodology 

In Figure 1, MetaGarden, the metaverse for 
gardening dNFT plants synchronized with real 
world plants through IoT monitoring, is 
proposed. The following subsections will detail 
the system components and smart contract 
functions for synchronizing. 

2.1 System Model Components 

• dNFT Plant: The dNFT plant is a virtual 
plant synchronized with a real plant in real time. 
The dNFT plant is dynamically updated 
according to real plant growth state changes.  

• IoT Devices: To synchronize the dNFT plant 
with a real plant, a camera is used to monitor 
the growth states of the real plant. Additionally, 
other types of IoT sensors collect data on 
environmental conditions such as humidity and 
light temperature in each growth state. All data 
collected from various IoT devices is recorded 
on the blockchain. 

• Off-chain: Metadata, one of the components 
in dNFT, is stored off-chain, outside of the 
blockchain. The metadata for all updatable 
plant states is predefined and uploaded to an 
off-chain area.  

 

 
• Smart Contract: A smart contract is used for 
minting, updating, and managing dNFT plants. 
All historical data related to dNFT plants are 
also recorded by smart contract. Once a 
sufficient amount of dNFT data is recorded, 
smart contract  also provide predictions of the 
next state of the dNFT based on that history. 

 2.2 Synchronizing in Smart Contract 

A. Dynamic State Update for dNFT Plant 
The dNFT plant is updated to the next 

growth state according to the predefined Finite 
State Machine (FSM) in Figure 2. Each state 
has fixed metadata, all uploaded in off-chain. 
In  synchronizing process, it determines the 
proper state through IoT monitoring and then 
updates the metadata corresponding to decided 
state. 

 

 
Fig.  2. Finite State Machine (FSM)  

for Updating dNFT Plant Growth State 
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B. Verification using Merkle Tree 
To secure synchronization with real plants 

through IoT devices, owners must set a 
password for each dNFT plant. We use a 
merkle tree for verification before 
synchronizing [5]. Using the merkle tree adds a 
secure verification step to the synchronization 
process and simplifies password management 
for multiple tokens. The merkle root is created 
using the password and its corresponding proof 
value. Figure 3 explains how the proof value of 
a given password is determined. This process 
allows for the recreation of a merkle tree using 
only the password and proof values by starting 
from the hash value of the matching node at the 
lowest layer. 

 

 
Fig.  3. Merkle Tree for Verification 

3. Experimental Results  

3.1 Minting New dNFT Plant 

In Figure 4-(a), to mint a new dNFT plant, 
we need the owner's account address and a 
unique password. After successful minting as 
Figure 4-(b), we can check the newly minted 
dNFT plant in the owner's account at OpenSea, 
which is the platform for trading NFT, as 
detailed in Figure 5.  

 
(a) Minting New dNFT Plant 

 
(b) Minting Result in Owner’s Account 

Fig.  4. Process of Minting dNFT Plant 
 
 
 

 

 
Fig.  5. Newly Minted dNFT Plant at OpenSea 
 

3.2 Updating dNFT plant 

Through IoT monitoring, when we detect the 
growth of a real plant, the dNFT plant is 
updated to the next state by a pre-defined FSM. 
Updates occur by replacing the state with 
matching metadata. Figure 6 shows that 2 
leaves are observed to have grown from an 
initial seed, and the dNFT plant is updated to 
new state with new metadata. 
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Fig.  6. Updated dNFT Plant  

by Growth of Real Plant 
 

3.3 Verification before Synchronizing 

Before the synchronizing dNFT plant, we 
verify that a valid request includes the correct 
token password. Figure 7-(a) shows that the 
transaction log occurred when the request is 
valid. Figure 7-(b) illustrates the reversal of 
execution upon the appearance of an invalid 
proof warning. 

 

 
(a) Valid Request with Correct Password 

 

 
(b) Invalid Request with Incorrect Password 
Fig.  7. Verification Results by Requests 

3.4 History Tracking 

Even though the metadata of the dNFT plant 
is updated by growth, its previous growth state 
and environmental condition data history, such 
as temperature, humidity, and light, can be 
tracked through a smart contract. Figure 8 
shows the history of the dNFT plant minted 
three days before. The initial growth state of 
the dNFT Plant is set to ‘0’, and environmental 
condition data such as temperature, humidity, 
and light is set to ‘999’. The daily growth status 
and environmental condition data history are 
all recorded and can be tracked even as the 
dNFT is updated. 

 

 
 

Fig.  8. The Recent History of dNFT Plant 
Provided By Smart Contract 

4. Conclusions 

 This study proposed a system model for 
dNFT plants synchronized with real plants 
through IoT monitoring. The experimental 
result demonstrates the feasibility and potential 
of using dynamic NFTs to monitor and track 
real plants by allowing dynamic updates for 
NFT plants. In future work, we plan to focus on 
improving verification methods to manage 
large-scale dNFT plants and integrating 
diverse IoT sensors for advanced smart farm. 
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