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ABSTRACT
Given the challenges posed by global environmental changes, population growth, and shifting demographics, there is a pressing concern regarding global food security. It is crucial to improve crop yields for food and fuel production while optimizing resource usage. Over the next 50 years, the world will need to double its food productivity compared to the current rate, necessitating an urgent need for the next green revolution. There is a critical requirement for methods that can harness the high-production and high-quality potential of food crops with reduced inputs. Next-generation genotyping and phenotyping offer promising solutions to address these needs. The development of crop varieties with desired traits has been facilitated by the use of high-throughput genomics tools. With advancements in sequencing and biotechnological tools, a significant portion of the genome is now accessible, and functional analysis has entered the high-throughput stage. However, despite the identification and characterization of numerous key genes controlling important traits, the potential of available genetic information remains untapped due to outdated phenotyping tools. The lag in phenotyping compared to genotyping has become a bottleneck in plant biology and crop breeding programs. To overcome this bottleneck and fully leverage genomic information, high-throughput phenotyping in plant biology has emerged as a solution. This approach integrates technologies such as photonics, biology, computers, and robotics to enable the functional characterization of genes that may not be known for their phenotype. High-throughput phenotyping platforms can facilitate parallel advancements in crop physiology and phenomics alongside genomics. By employing such novel technologies, plant phenomics can provide valuable insights into various aspects of living plants for plant scientists. By embracing high-throughput phenotyping, researchers can bridge the gap between genomics and phenomics, enabling a more comprehensive understanding of plant traits and their interactions. 
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I. INTRODUCTION
The term "phenotype," derived from the Greek words ‘phainein’ and ‘typos’, was introduced by Wilhelm Johannsen in 1911. He defined phenotype as the observable characteristics of an organism that can be distinguished through direct observation or more precise methods of measurement and description. Johannsen emphasized that the phenotype encompasses all types of organisms and can be used to differentiate and categorize them based on their visible traits [1]. In 1949, the term "phenome" was first introduced and defined as the collective sum of all extragenic and non-auto reproductive components of the cell [2]. This definition arose as the concept of the genome, which represents the genetic material underlying the genotype, was being established. The phenome, therefore, encompassed the entirety of observable traits or phenotypes displayed by an organism, considering all the factors outside of the genome that contribute to its phenotype. Despite advancements in genomics and other "omic" technologies, the acquisition of phenotypic data remains a bottleneck in crop breeding and functional genomics studies [3]. Traditional methods of crop phenotyping are labor-intensive, time-consuming, subjective, and often result in the destruction of plants [4-5]. Moreover, the development of technologies for high-throughput phenotyping has generally lagged behind other omic technologies and tends to be fragmented. However, in recent years, there has been increasing adoption of advanced sensor technology, machine vision, and automation across the agri-food industry. These technologies have been employed to enhance automation and improve efficiency in various applications, including product quality assessment, sorting, and packaging. This adoption of advanced technologies holds promise for addressing the challenges associated with phenotypic data acquisition, enabling faster, more objective, and non-destructive methods of assessing crop phenotypes [6]. Recent advances in various technologies, including sensors, information technology (IT), data extraction, and systems integration, have led to significant progress in non-destructive and repetitive assessment of morphology and physiology across entire populations and throughout the developmental stages of plants. These advancements have been facilitated by decreasing costs and improved capabilities of these technologies. However, it is important to note that these technologies are still in active development and continue to evolve.

In the past decade, considerable efforts have been made to understand the rationale and methodologies for measuring genomics comprehensively. Now, with the advent of technological advancements, the focus is shifting towards answering the question of why and how to measure whole-plant phenotypes. The coming decades hold the promise of leveraging these technological developments to gain a deeper understanding of plant phenotypes at the holistic level, enabling comprehensive and precise measurement of plant traits throughout their life cycle. Crop functional genomics studies have entered the era of big data and high-throughput analysis with the advent of whole-genome sequencing in many crops. Nevertheless, the collection of extensive phenotypic data poses a significant challenge, impeding progress in crop breeding and functional genomics research. This large-scale phenotyping being the bottleneck of agricultural development can be solved through the high throughput phenotyping. This integration of advanced phenotyping technologies with genomics will enhance the development of crop varieties with desired traits, contributing to the advancement of plant biology and improving crop breeding programs.  In this article, we will focus on the major instrumentation and sensors on high throughput phenotyping in controlled environments and field conditions. Also, database of the International Plant Phenotyping Network (IPPN), will be discussed.

II. PLANT PHENOTYPING
Johannsen's work in 1903 introduced the concepts of genotype and phenotype. The genotype refers to the genetic makeup of an organism, specifically the set of genes responsible for a particular trait. On the other hand, the phenotype represents the observable physical characteristics resulting from the interaction of genes with the environment. Genes play a vital role in determining a plant's potential productivity, disease resistance, water use efficiency, and other significant agronomic traits. The phenome encompasses the entirety of phenotypes exhibited by cells, tissues, organs, organisms, or species. Phenotyping, in turn, involves the measurement and assessment of an organism's observable traits. It involves the examination and quantification of various characteristics. Recent advancements in gene sequencing technology have facilitated the functional analysis of genomes in a high-throughput manner. This has led to the proposal of effective strategies for developing crop varieties with desired traits using high-throughput genomics tools. Sequencing genes has become an essential requirement in contemporary agriculture. These advanced genomics tools enable researchers to analyze vast amounts of genetic data rapidly and efficiently. By understanding the functional aspects of the genome, scientists can identify specific genes associated with desirable traits. This knowledge can then be utilized to develop improved crop varieties. To summarize, Johannsen's concepts of genotype and phenotype emphasize the role of genes in determining an organism's traits. The rapid development of gene sequencing technology has revolutionized the functional analysis of genomes, enabling the proposal of strategies for developing desired crop varieties using high-throughput genomics tools. Multiple genes interact with various environments (GxE) throughout the life cycle, influencing the performance of organisms [7]. The impact of the environment on plants is particularly significant due to their immobile nature, which prevents them from employing avoidance strategies commonly used by animals. However, advancements in sensor technologies now allow for the precise monitoring of the environmental conditions experienced by plants and their dynamic responses. These technologies enable the detailed recording of the environmental history of plants and crops, facilitating a deeper understanding of how they interact with their surroundings.

A. High Throughput phenotyping
In recent decades, there have been notable advancements in the development of sophisticated and efficient phenotyping platforms for screening plants of different sizes, ranging from small plants to larger plants such as rice and maize. Arabidopsis thaliana, in particular, has emerged as a widely utilized model plant due to its fast life cycle, relatively compact genome, extensive geographic distribution, and its close relationship to crops in the Brassicaceae family [8]. The availability of automated and large-scale phenotyping techniques offers great appeal for studying Arabidopsis and similar species under controlled environmental conditions. These approaches are particularly valuable for conducting forward genetics, reverse genetics, and quantitative genetics studies. By employing these high-throughput phenotyping platforms, researchers can gain insights into the genetic basis of various traits, investigate the functions of specific genes, explore gene interactions, and conduct quantitative analyses. Overall, the development and implementation of intelligent and high-throughput phenotyping platforms have significantly advanced research in fields such as forward genetics, reverse genetics, and quantitative genetics, especially when studying model plant species like Arabidopsis thaliana. Plant phenotyping, compared to genotyping, often takes more time and is more expensive due to the need to capture data for traits over different environments and time intervals. Traditional methods for selecting phenotypes are invasive, time-consuming, labor-intensive, and costly. The primary objective of phenomics platforms is to enable plant breeders to detect and evaluate dynamic traits that are difficult or inefficient to measure using conventional phenotyping tools. These tools include manual measurements such as plant height with a scale, manual counting of tillers and leaves, which can be tedious and laborious. High-throughput phenotyping offers a viable alternative to conventional methods as it is non-invasive, less labor-intensive, and time-efficient. This approach utilizes sensors, imaging systems, software, and robotics to gather data rapidly and accurately. By bridging the gap between genotype and phenotype, high-throughput phenotyping addresses the limitations of outdated phenotyping tools and the rapid advancements in genomics technologies. Automation and robotics further enhance phenotyping accuracy, objectivity, repeatability, and data storage capabilities, allowing for easy retrieval when needed. With its non-destructive and fast nature, high-throughput phenotyping can align phenotypic data with genetic information, enabling the exploration of new traits that were previously overlooked, ultimately benefiting human welfare.

B. Controlled and field high throughput phenomics 
In phenomics there are two approaches for high throughput phenotyping (figure 1) Controlled condition phenotyping and Field phenotyping.  In controlled condition phenotyping involves the plants raised in controlled or regulated environment under the supervision. It mostly involves approaches for a plant to be scanned. Either the plants have to be moved to the sensors or another option is that the sensors have to be taken to the plants. Advantages of Controlled condition phenotyping is that it is having much better control of soil moisture and nutrient inputs, offseason phenotyping (as plants can be grown in artificially controlled environment like temperature control, pressure controller, light control units etc.) can be done very easily, also due to desired light, optimum temperature and optimum input given it gives accurate data. Major advantage is that no stress to the plants unless deliberately given. While it also has disadvantages like it cannot imitate natural field conditions. Plant is derived from the natural condition as the phenotype is the product of environment and genotype, it may not give desired result in controlled phenotyping. Also, there is space constraints: as plant are grown in pots, trays or cardboard they have very limited space this result in nor proper development of root system. So, this may mislead the result.
Field phenotyping is the growth of plant in natural condition s there is only one way to scan the plants i.e., take the sensor to the crop field. It also has advantages of natural growth environment in the field. Thus, crop express its interaction with the environment, giving accurate results along with no space limitation a plant can be maintained at their natural spacing and utilize the soil profile to their level. But it has the disadvantages of difficulty to control input application as it is possible that optimum level if input cannot be given to the crops as soil being porous may leach out the nutrients. Major drawback is that offseason phenotyping not possible thus waiting time is high.
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Figure 1: Controlled condition phenotyping (left) and field phenotyping (right)

III. PLATFORMS FOR CONTROLLED CONDITION PHENOMICS

The initial development of automated red-green-blue (RGB) imaging and weighing systems for studying Arabidopsis responses to water deficit led to the creation of PHENOPSIS in 2003 [9]. However, this system had certain limitations, such as the absence of integrated data management and relatively basic environmental controls. In 2011, the PHENOPSIS platforms and growth chambers underwent expansion, and a database called PHENOPSIS DB was established to store large amounts of image and metadata, as well as to provide data and image analysis modules. This database served as a model for other research groups in developing similar data management systems [10]. Another platform called GROWSCREEN was designed to assess the dynamics of seedling growth acclimation, including parameters such as total leaf area, relative growth rate, and root area, under different light conditions [11]. By utilizing linear displacement stages, the color imaging device of GROWSCREEN could be substituted with a chlorophyll fluorescence imaging system known as GROWSCREEN FLUORO. This innovative system allowed for the simultaneous phenotyping of leaf growth and chlorophyll fluorescence in Arabidopsis thaliana and Nicotiana tabacum, with a throughput of approximately 60 plants per hour [12]. However, it is worth noting that GROWSCREEN has a relatively limited capacity, accommodating only 200-500 plants. Additionally, the presence of microenvironmental heterogeneity across the platform can potentially diminish the mapping power for quantitative trait loci (QTL) analyses or genome-wide association studies (GWAS). Phenovator developed a high-speed x-y moving rail system that allowed a monochrome camera with eight specific band-pass filters to be moved above a platform carrying up to 1440 plants. This setup was used to collect data on photosynthesis (FPSII - light-use efficiency of photosystem II electron transport) and plant growth traits (projected leaf area accumulation). The system had a fast acquisition speed, enabling leaf area measurements to be obtained in 20 minutes and PSII efficiency measurements in less than an hour [13]. A commercially available system called PlantScreen utilized conveyor belts to transport trays containing 20 pots each from the growing area to a dark acclimation chamber and imaging cabinets for chlorophyll fluorescence (ChIF) and RGB imaging. It also included automated weighing and watering features [14]. Studies using this system found that certain photosynthetic parameters, such as FV/Fm, were effective indicators of severe salt stress, while other parameters (FNPQ, qP, and FP) reflected early salt stress. However, it should be noted that the movement of potted plants and variations in environmental conditions (e.g., wind, temperature, microclimate) within a greenhouse can potentially affect the measurement of chlorophyll fluorescence parameters [15] (Haworth et al., 2018).
IV. PLATFORMS FOR FIELD PHENOMICS

Field-based phenotyping methods are of critical importance in plant breeding research and there is a pressing need for their development. While laboratory-based phenotyping platforms for assessing individual plants in model species have made significant progress, the advancement of field-based phenotyping approaches has been relatively slow. Currently, camera-based methods mounted on ground-based vehicles like tractors have shown some progress in field-based phenotyping. However, the utilization of aerial platforms, such as drones, for this purpose has been limited, despite their increasing popularity for aerial photography. Challenges such as payload limitations of drones when equipped with high-quality camera systems, as well as difficulties in automating data processing and extracting meaningful parameters, have hindered the rapid advancement of aerial phenotyping. Additionally, conventional carrier systems like airplanes flying at high altitudes may produce blurry images, further restricting methodological advances. Nevertheless, airborne phenotyping approaches offer several inherent advantages over ground-based methods. These include a wider viewing angle from the air, the potential for higher travel speeds, no physical contact with the crop, minimizing mechanical disturbances, and independence from wet soil conditions that impede ground-based operations. Overcoming the challenges associated with aerial phenotyping could significantly increase the throughput and efficiency of phenotypic data collection in agricultural research.A field-based platform requires 3 main components first being platform (tractor, UAV), second is Sensor/camera and the last but the important one being the Images processing software (Figure 2)
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Figure 2: Three main components of field phenotyping

A. Flying platform
For high throughput phenotyping various platforms or instruments are widely used seme examples are zeppelin which carry payload up to 5 kg and have a long flying time. It is equipped with RGB-camera, thermography camera, stereo camera setup hyperspectral camera etc. being a flying platform it is sensitive to wind [16]. Other flying platforms include drones and octocopter or phenocopter having properties similar to zeppelin. It can carry payload up to 1 -20 kg with minimum flying time depending on the type used. It can be equipped with RGB-camera, thermography camera, high -performance, spectrometer etc. It is highly flexible in operation. Pheno-Copter is a low-altitude, autonomous remote-sensing robotic helicopter for high-throughput field-based phenotyping [17]. These platforms have challenges of having small payload capacity mostly up to 20 kg, need a proximity to airport/take-off sites to fly. It is highly recommended to have licence to fly from appropriate authority, laws involving licensing for UAV operation have to be taken care of as licensing is required from the authorities to fly the drones, UAVs etc. All drones except those in the Nano category must be registered and issued a Unique Identification Number (UIN). Moat challenging is that wind conditions affect the motion of such platforms thus disturbing the scanning motion, increasing the chance of errors.[18]
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Figure 3: Flying field-based phenotyping platform. (a) Zeppelin [16] (b) Drone (c) Phenocopter [17]

B. Ground-based Plant Phenotyping Platforms
Such platforms move along the rows, crop rows can be detected in the camera view sight and row spacing. This kind of methods can detect several row spacing values for each run. Plant height can be detected with both top-view and side-view [18]. An effective approach to achieve high-throughput phenotyping involves using a platform equipped with LiDAR/camera sensors that can move in parallel with crop rows. This setup enables the generation of point clouds or 3D models for individual plants, allowing accurate measurement of plant heights. The speed at which the platform moves plays a crucial role in the efficiency of phenotyping for plant height and row spacing. While current methods acquire parameters on a per-row or per-plant basis, there is a lack of reported solutions for fast phenotyping at the parcel level, where groups of plants are assessed simultaneously (Figure 4). PhenoMobile  is an advanced phenotyping buggy that is rugged, mobile, highly adaptable, and easy. It is electronically adjustable for heights and widths, offers sensing equipment for efficient non-destructive monitoring and characterization of plant canopies such as LiDAR etc. [19]. Phenofield is the fully automated high throughput plant phenotyping platform on rails [20]. This platform is operated by ARVALIS, an applied research institute, is an innovative field phenotyping platform that forms part of the PHENOME-EMPHASIS/France project. It facilitates the design of diverse drought and nutrient availability scenarios, enabling a thorough investigation of crop performance under these abiotic stresses. This platform plays a critical role in accurately monitoring both the environmental conditions and crop growth in the field. Such comprehensive monitoring is essential for enhancing the analysis of interactions between genetics and the environment, as well as for identifying genetic markers associated with favorable crop responses. This platform incorporates a mobile rainout shelter and irrigation systems, allowing for the controlled imposition of different drought conditions in the field, thereby facilitating precise experimental studies. Alphi is a high throughput phenotyping arch carried by a tractor. 
[bookmark: _Hlk138715421]The D. Rothamsted's Field Scanalyzer is a sophisticated platform equipped with an overhead gantry, camera box, and 8 sensors. It is capable of moving in three axes and utilizes specialized software and hardware. Designed to withstand harsh environmental conditions, the system offers high sampling frequency and greenhouse-level accuracy. The platform itself has dimensions of 125m x 15m x 6m, allowing for monitoring of crops within a specific area (x = 115.8m, y = 11.3m, z = 4.1m) throughout the entire growing season [21]. The operation of the gantry is managed by LemnaTec control software, which is installed on a master computer. This software enables the selection and configuration of various cameras and illumination settings tailored to specific applications. Once the platform is programmed, it can operate autonomously 24 hours a day, 7 days a week, with minimal human supervision. Additionally, remote control is possible in manual mode. The combination of high-resolution sensors and precise positioning ensures the reproducibility of measurements. Data and meta-information for each plot are acquired and automatically transferred from the Field Scanalyzer to a database using optical cables. The meta-information includes a plot ID tag, timestamp, plot position, and corresponding images. The system operates on rails, preventing soil compaction caused by frequent measurements. It has a payload capacity of 500 kg in the camera bay, although currently only around 300 kg of the payload is utilized n many of the studies. The platform enables high spatial resolution phenotyping by conducting screenings at a height of approximately 2-3 meters above the crop canopy. Data acquisition from all sensors in the camera bay for a single plot is completed within 7 minutes, resulting in the generation of 800 MB of data. The Robotanist is an electrically powered, wheeled skid-steer robot designed to navigate autonomously crop rows is another platform for high throughput phenotyping. It is equipped with LiDAR, GPS, RGB cameras, an IMU, and real-time computing power and localization algorithms. Additionally, it features a custom stereo camera with Point Grey Flea3 cameras and fish-eye lenses for measuring canopy light penetration. The mobile platform has dimensions of 1.34 meters in length, 0.56 meters in width, and 1.83 meters in height, with a total weight of 140 kg. It can operate within temperature ranges of 5°C to 45°C and has the capability to traverse 3 hectares per day, with a maximum sensor payload of 50 kg. various challenges on ground platforms are that platforms have variable speed at different field terrain conditions so, stability of the sensors during motion may get hampered. Since it is in field which can have different light condition at differ time of day hour so the effects of lighting conditions can affect the quality of the acquired images an data. Also converting sensory data into phenotypes is the most tedious work on field.
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Figure 4: Ground-based phenotyping platform. (a) Phenomobile for tall plant (b) Phenomobile for short plant (c) Phenofield (d) Alphi (e) Camera Bay of D. Rothamsted's Field Scanalyzer [21].

V. SENSORS FOR HIGH THROUGHPUT PHENOTYPING

Various sensors used for field phenotyping are RGB Color imaging (2D and 3D), infrared imaging, thermal imaging, chlorophyll Fluorescence imaging, hyperspectral imaging, sonar, lidar, radar etc. When considering specific applications, it is important to consider the characteristics of the sensors, such as spectral resolution, spatial resolution, and cost. RGB images consist of three wavebands, namely Red, Green, and Blue. On the other hand, multispectral images include multiple wavebands typically within the visible and near-infrared (NIR) spectrum. In contrast, hyperspectral images encompass hundreds or even thousands of continuous wavebands within the visible and NIR range. Sensors of different types exhibit diverse features and functionalities. Hence, it is valuable to explore the potential effects of employing different sensors in plant high-throughput phenotyping research. To achieve accurate prediction results, it is recommended to utilize suitable sensors for specific traits and develop robust models employing appropriate algorithms. There are numerous methods available to enhance detection accuracy. Image resolution is a crucial factor to consider, and increasing the resolution can significantly enhance the accuracy of the model's detection capabilities [22]. The study conducted by reference [23] revealed that integrating oblique images with nadir images can enhance the accuracy of 3D model detection.

A. [bookmark: _Hlk138757950]RGB, Multispectral and Hyperspectral camera
The RGB camera, also known as a digital camera, regular camera, or color camera, is capable of capturing true color images within the visible spectrum. In Figure 5 (a), the three channels of RGB images are depicted. This type of camera is inexpensive, lightweight, and easily mounted on unmanned aerial vehicles (UAVs) for data collection. Utilizing RGB images, a crop surface model (CSM) can be generated by leveraging the 3D geometry [24], enabling the detection of plant height. However, it should be noted that RGB cameras only provide information at three wavebands (Red, Green, and Blue), which is limited compared to other sensors. Additionally, they do not offer continuous spectrum information. In plant phenotyping, RGB images are commonly employed for calculating parameters such as leaf area index (LAI), height, biomass, yield, and more. A multispectral imaging camera can be created using an interference filter placed in front of the camera lens to selectively block or transmit specific wavelengths of light. In comparison to an RGB camera, a multispectral imaging sensor can offer a greater range of useful wavebands within both the visible and near-infrared (NIR) spectral regions. This makes it suitable for predicting parameters such as yield, biomass, nitrogen content, and more. In Figure 5 (b), an example of multispectral imaging with six wavebands is depicted (the number of wavebands can vary depending on the specific sensors used). Multispectral imaging sensors are typically compact, lightweight, and well-suited for integration with UAVs. They are also reasonably priced. However, it's important to note that multispectral imaging does not provide continuous spectrum information since it operates with discrete wavebands. Additionally, the number of available wavebands is limited, which implies that the spectrum information it captures has certain limitations.  Hyperspectral imaging offers a significant increase in the number of wavebands, allowing for the acquisition of more comprehensive and valuable information. While it is a costly sensor, hyperspectral imaging can provide hundreds to even thousands of wavebands within the visible and NIR spectral ranges (Figure 5 (c)). Moreover, it offers both imaging and continuous spectrum data. Each pixel in a hyperspectral image contains spatial and spectral features, making it highly significant and applicable in various research fields [25]. Hyperspectral imaging cameras typically fall into four categories: point scanning, line scanning, area scanning, and single-shot scanning [26]. Hyperspectral imaging is commonly employed to predict plant phenotyping traits such as biomass, height, chlorophyll content, and stress resistance.
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[bookmark: _Hlk138759264]Figure 5: (a) RGB imaging (b) Multispectral imaging with six wavebands (c) Hyperspectral imaging with hundreds of wavebands [27].

B. Thermal imaging camera, Lidar and sonar
The plant's water status is closely linked to stomatal conductance. This connection arises from the fact that the leaf temperature is regulated by the rate of transpiration occurring on the leaf surface. Transpiration is an ongoing process whereby water from the leaf evaporates. During transpiration, a significant amount of energy is consumed to convert liquid water into vapor. As a result, this energy is extracted from the leaf, leading to a cooling effect. This phenomenon can be utilized as a means of phenotyping water stress in plants. The thermal infrared imaging camera is commonly utilized for detecting crop water stress due to its ability to provide temperature information of crops [28]. Thermal infrared imaging enables the estimation of canopy temperature, which is closely associated with plant transpiration and water status. With thermal images, the crop water stress index (CWSI) can be calculated to assess the level of water stress in crops. Thermal remote sensing takes advantage of the principle that all objects above absolute zero (0 K or −273.15˚C or −459˚F) emit radiation within the infrared range, specifically in the wavelength range of 8-14nm. LIDAR instruments utilize pulsed laser light to measure variable distances. They typically consist of a laser, a scanner, and GPS for accurate positioning. Airplanes and helicopters are frequently employed as platforms for collecting LIDAR data over large geographical areas. There are two main types of LIDAR first one being topographic LIDAR, which employs near-infrared light to measure surface elevations and another one is the bathymetric LIDAR, which uses green light to measure not only surface elevations but also seafloor and riverbed elevations.  This technology can be utilized to assess vegetation height across extensive regions. Sonar can be used for phenotyping this ultrasonic technology enables distance measurement by emitting a sequence of ultrasonic pulses from an ultrasonic transducer towards an object at the speed of sound, and then recording the echo as it returns from the object. The distance between the sensor and the object can be determined by calculating the elapsed time between pulse transmission and echo reception, taking into account the speed of sound. Ultrasonic sensors have been created and assessed for their ability to measure various plant morphological attributes, including plant height, structure, and biomass. 
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Figure 6: (a) thermal imaging (b) lidar scanner (c) lidar point cloud [29].


International phenomics facility are available at Biotron (Canada), Juelich Plant Phenotyping Centre (Germany), National Plant Phenomics Centre (UK), New European Ecotron of Montpellier, Phenophyte; The Australian Plant Phenomics Facility, eningen University Phenotyping etc. There are various Plant phenotyping network available internationally some examples are The International Plant Phenotyping Network (IPPN), The Nordic Plant Phenotyping Network (NPPN), The European Plant Phenotyping Network (EPPN), The German Plant Phenotyping Network (DPPN), The UK Plant Phenomics Network (UK-PPN), The Austrain Plant Phenotyping Network (APPN) etc. 

VI. CONCLUSION

Advancements in crop improvement, particularly the first green revolution, resulted in a remarkable doubling of crop yields within a span of less than 50 years. To achieve a similar doubling of yield over the next 50 years, Next Generation Genotyping and Next Generation Phenotyping approaches are necessary. Field-based phenotyping has the potential to double productivity, but certain requirements must be addressed to meet the demands of high-throughput phenotyping. In terms of research needs, experts suggest that the current application of high-throughput sensing technologies in crop phenotyping is in the "discovery phase." Extensive research is needed to further develop this field and ensure that technological tools can be practically implemented for high-throughput crop phenotyping. Additionally, different crops are at varying stages of readiness to adopt phenotyping technologies, indicating the need for tailored approaches for different crop species. Regarding communication needs, the scientific and engineering communities involved in high-throughput crop phenotyping are diverse and affiliated with various organizations such as the American Society of Plant Biologists (ASPB), National Association of Plant Breeders (NAPB), American Society of Agronomy (ASA), Crop Science Society of America (CSSA), Institute of Electrical and Electronics Engineers (IEEE), American Society of Agricultural and Biological Engineers (ASABE), International Society of Precision Agriculture (ISPA), and American Society for Horticultural Science (ASHS), among others. Effective communication and collaboration among these organizations are crucial for advancing high-throughput crop phenotyping
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