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Advancing agricultural NPK detection with electrochemical sensors utilizing 2D nanomaterials
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NPK electrochemical soil sensors serve as vital instruments for sustainable agriculture, empowering farmers to refine
nutrient management techniques, enhance crop output, and safeguard the environment for upcoming generations.
These sensors are crafted to predominantly gauge nitrogen (N), phosphorus (P), and potassium (K) levels in the soil.
These nutrients are fundamental for plant growth and vitality, and tracking their concentrations aids in optimizing
fertilizer usage, boosting crop productivity, and reducing environmental repercussions, thus effectively bolstering
precision agriculture methods.

Innovative 2D nanomaterials have the potential to enhance the electrochemical capabilities of sensors, allowing them
to detect even minute levels of nutrients with exceptional precision. The operational principle of these sensors relies
on electrochemical reactions taking place at the surface of 2D nanomaterials upon interaction with target ions in the
soil solution, facilitated by an ion-selective membrane. Variations in the presence and concentration of these ions
induce changes in the electrical properties of the nanomaterial, which are then quantified and correlated with nutrient
levels. Through the utilization of specially engineered composite nanomaterials comprising transition metal
dichalcogenides, Mxenes, graphene-based materials, conjugated conducting polymers, and ion-selective membranes,
it becomes feasible to measure soil ion content either as discrete batches or accurately and consistently through
continuous monitoring. These materials possess notable characteristics such as high surface area-to-volume ratios,
excellent electrical conductivity, and responsiveness to alterations in the chemical milieu, rendering them well-suited
for sensing applications. Laboratory experiments demonstrate that various combinations of nanomaterials in
composites at the sensor working electrode significantly enhance the selectivity of the ion-selective membrane in
filtering soil ions, as well as the reproducibility and longevity of the sensor, compared to electrodes solely coated with
the ion-selective membrane. Numerous nitrate ionophores and ion-selective membrane cocktails are evaluated and
compared for their efficacy in achieving ionic selectivity.

Electronic circuitry governs the operation of the electrochemical sensors, designed to provide input and retrieve data
from the sensing elements, as well as facilitate sensor conditioning, calibration, data storage, and wireless
communication. Various electrochemical methods, such as Open Circuit Potentiometry, Chronopotentiometry, and
Chronoamperometry, are utilized for sensor control and data collection by manipulating electronics. These methods
have been subjected to testing and comparison concerning the response time and durability of the sensor.

In summary, the integration of electrochemical sensors with 2D nanomaterials marks a significant leap forward in
precision agriculture. It equips farmers with the necessary tools to effectively manage soil nutrient levels and enhance
crop productivity. This advancement contributes to the traceability and quality assurance of food production processes.
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Figure 1. NPK detection by ion-selective membranes and 2D nanomaterial composites
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