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ABSTRACT 

Crop phenotyping involves analysing plant traits to identify the key characteristics that contribute to 

higher yield, productivity, and improved tolerance to stress conditions. Knowledge gained from High-

Throughput Phenotyping (HTP) plays a crucial role in screening and selecting favourable genotypes 

for breeding programs. HTP platforms, which leverage modern digital tools, advanced techniques, 

and specialized software, have significantly simplified this process. Although traditional HTP methods 

have been expensive, researchers worldwide are developing more affordable solutions using cost-

effective tools, cameras, sensors, and open-access software, making these technologies more widely 

accessible. By linking genomics with real-world field performance, HTP bridges the gap between a 

plantôs genetic potential and its actual agricultural outcomes. While genomic research has advanced 

rapidly, phenotyping continues to evolve, gradually overcoming its historical role as a bottleneck in 

crop improvement programs. 
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INTRODUCTION 

Phenotyping refers to the study of an organismôs observable traits, which result from the interaction 

between its genetic makeup and the surrounding environment. In plants, phenotyping involves 

examining various morphological, physiological, biochemical, and molecular characteristics. It plays 

a vital role in crop improvement, as identifying and selecting the most desirable phenotypes is a 

crucial first step in plant breeding and agricultural advancement. With climate change intensifying 

alongside population growth and limited natural resources, the need for efficient crop selection has 

become more urgent. Traditionally, recording key agricultural traitsðsuch as yield, nutritional quality, 

and stress toleranceðhas been a laborious and time-consuming process. However, the emergence 

of HTP technologies has transformed this field by enabling rapid and large-scale screening of plant 

traits that contribute to higher yield and productivity.  
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Concept of High-Throughput Phenotyping 

HTP refers to the automated, rapid, and large-scale assessment of plant traits. This advanced 

technology has transformed traditional phenotyping by incorporating imaging and sensor-based 

methods, enabling faster and more precise measurement of plant characteristics. HTP systems use 

automated sensing, data collection, and analytical tools to generate comprehensive phenotypic data 

efficiently. Through this approach, plants can be evaluated for desirable traits across different 

growth stages, enhancing the precision of crop screening. 

 

Figure 1. Comprehensive Overview of key applications in High-Throughput Phenotyping 

(HTP). 

Depending on where the process is carried out, phenotyping can be classified into two main types: 

field phenotyping, which utilizes drones and unmanned aerial vehicles (UAVs), and controlled-

environment phenotyping, which takes place in greenhouses or growth chambers (Fig. 1.). Because 

HTP primarily uses imaging technologies, it allows non-destructive and real-time monitoring of key 

physiological parameters such as canopy temperature, chlorophyll fluorescence, and other growth-

related traits throughout the plantôs development. These measurements are made possible through 

the integration of various digital tools, sensors, and analytical software. Ultimately, since a 

phenotype arises from the interaction between genotype and environment, the data collected 

through HTP enable researchers to identify and select the best-performing genotypes for breeding 

programs aimed at developing superior crop varieties with desirable traits (Fig.1.). 

Physiological Traits in Focus 

HTP serves as a physiological tool for evaluating functional traits that influence crop performance. It 

focuses on measurable physiological parameters that reflect a plantôs health, efficiency, and 

productivity. For instance, canopy temperature is used to assess transpiration efficiency, which is 

directly related to drought tolerance; chlorophyll fluorescence helps determine the efficiency of 

photosystem II (PS II) and overall quantum yield; while measurements of growth rate and leaf area 

at specific growth stages provide insights into biomass accumulation and yield potential. By 


