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Unleashing the potentials of high-throughput 

phenotyping for accelerating crop breeding 

 
Alisha, Jogender, Anita Kumari and Renu Munjal 

 
Abstract 
Biotic and abiotic stress are the major constrains resulting in crop yield reduction and economic losses. It 

is estimated that the human population will reach to 9 billion by 2050, and current food production must 

be doubled to meet the needs of the growing population. Therefore, it is the need of hour to increase crop 

productivity. Advancement in high-throughput phenotyping technologies has progressed significantly in 

the last decade. These technologies offer precise measurements of desired traits and strategies to screen 

large population of plants for a particular phenotype under diversified environments employing advanced 

robotics, high-tech sensors, imaging systems and computing power to unravel the genetic basis of 

complex traits associated with plant growth and development. Advanced bioinformatics tools further 

facilitate the analysis of large-scale multi-dimensional, high-resolution data collected through 

phenotyping from the gene to the whole-plant level under a specific environment and management 

practices. With the help of integrated approach of genotyping and phenotyping, gene functions and 

environmental responses can be understood as well. Moreover, it will also help in finding more relevant 

solutions for the major problem that tend to limit crop production. This review focuses on the recent 

advances in plant phenomics, various imaging techniques, highlights different field and confined high-

throughput technologies for utilization in forward and reverse genetics. 

 

Keywords: Abiotic stress, genotyping, high throughput, imaging, phenotyping 

 

Introduction 

In the era of global climate change, plants are subjected to various stresses, both biotic and 

abiotic, during their life period. These stresses, individually or in combination, result in 

significant losses in terms of growth, development and yield and ultimately threaten the 

survival of the plant. Plants continuously confront harsh environmental conditions in form of 

abiotic stresses like high/low temperatures, drought, salts, heavy metals, light, flooding and 

physical wounding resulting in crop yield reduction and economic losses. To ensure that crop 

production is sufficient to satisfy the needs of a human population that is expected to grow to 

more than 9 billion by 2050 is a tremendous challenge for plant science and crop improvement 

(Anonymous, 2017) [1]. This goal is challenging primarily because the average rate of crop 

production increase is only 1.3% per year but it cannot keep pace with population growth. So, 

we must double the current food production to meet the needs of the growing population (Joshi 

et al., 2016) [2]. In recent times, deteriorating climatic conditions have increased the challenge 

posed by several biotic and abiotic stresses related to worldwide food production (Pereira, 

2016) [3]. Climate change result in higher CO2 concentrations while temperature, heat stress 

and intermittent rain eventually result in flooding, drought and salt stress (Rosenzweig et al., 

2014) [4]. Therefore, to minimize the impact of climate change on crop production with a view 

to feed world’s ever-growing population, it is necessary to develop new crop varieties with 

improved resistance against various biotic and abiotic stresses. Development of crop varieties 

that can cope up with heat, drought, flood, salinity and other extremes is one of the most 

important strategies in improving agricultural crop production under changing climatic 

scenario. Phenotyping is one of the best techniques used for increasing the crop productivity 

on the basis of better morpho-physiological characters. It has become a major field of research 

and high throughput phenotyping platforms have been developed to create reproducible 

environmental scenarios in which the phenotypic responses of multiple genotypes can be 

analyzed.  
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Phenomics 

The recent development in field of plant phenotyping and 

DNA sequencing techniques, which deal with analysis of 

large data sets, have given rise to ‘phenomics’. The word 

“phenomics” was coined by Steven A. Garan at the University 

of Waterloo in 1996. Houle et al. (2010) [5] defined 

phenomics as the acquisition of multidimensional phenotypic 

data in an organism ranging from molecule to organ level. 

Phenomics is the interaction between genotype and 

environment. It is a rapidly emerging area of science which 

aims at characterizing phenotypes in a rigorous and formal 

way and links these traits to the associated genes and gene 

variants (Close et al., 2011) [6]. In 2002, Gerlai used the term 

“phenomics” to define it as the systematic study of 

phenotypes on a genome-wide scale. It employs automated 

non-destructive methods consisting of Robotized delivery of 

plant to sensors or vice versa and non-invasive sensors for 

data acquisition.  

Approaches of Phenomics: Forward & Reverse Phenomics  

High-throughput phenotyping is one of the most important 

novel techniques which are used for the development of novel 

and superior plants, functional analysis of specific genes and 

for forward & reverse genetic analysis. Moreover, for 

phenotyping of several distinct lines, including germplasm 

collection, breeding populations, mapping populations, 

mutant populations, and under various growth circumstances, 

high-throughput phenotyping is also required. Plant 

phenotype is a complex network of interaction between 

genotype and its prevailing environmental conditions. Plant 

phenotype and plant functioning may be explained by means 

of structural traits and physiological traits respectively 

(Tardieu and Tuberosa, 2010) [7]. Understanding the 

interaction between genotype and phenotype is essential for 

prediction of plant performance (Soule, 1967; Houle et al., 

2010) [8, 5].  

 

 
[Source: Ahmed et al., 2023] [9] 

 

Fig 1: Illustration of Forward and Reverse Phenomics 

 

There are two different approaches used in high-throughput 

phenotyping of plants i.e., forward and reverse phenomics 

(Figure 1). Forward phenomics approach deals with 

applications of various phenotyping tools and techniques for 

identification of most promising genotypes from collection of 

diverse germplasm on basis of visible and valuable traits. It 

ultimately allows selection of the ‘best of the best’ elite line/ 

genotype. It speeds up phenotyping of large number of plants 

or germplasm lines using automated imaging technology as 

well as permits rapid identification of desirable traits at pre-

stage and therefore makes it less necessary to grow plants up 

to the maturity stage in field (Kumar et al., 2015) [10]. It 

facilitates the screening of thousands of plants (grown in pots) 

prelabeled with barcodes that run on a conveyor belt and pass 

through a chamber comprising automated imaging systems 

for screening interesting traits (Tsaftaris and Noutsos, 2009; 

Furbank and Tester, 2011) [11, 12]. The identified plants with 

the desirable target traits can then be grown to produce seed 

for further analysis and breeding. Number of research studies 

had done in many crops like rice, wheat, sorghum, barley, 

Brassica, and Arabidopsis for trait-specific phenotypes (Yang 

et al., 2020) [13]. 

On the other hand, reverse phenomics approach deals with 

understanding of in-depth mechanism that control the traits 

shown to be valuable (Furbank and Tester, 2011) [12]. Further, 

the identified mechanisms are utilized to exploit new 

approaches (Kumar et al., 2015) [10] and therefore, it helps in 

developing ‘best’ genotypes with superior traits/genes. This is 

achieved by large-scale physiological and biochemical 

analysis and then linking the data with genes controlling the 

biochemical or physiological pathway. Once the candidate 

genes have been identified, the expression pattern of the 

candidate genes will be compared with other genotypes. 

Hence, by carefully analyzing the mechanisms underlying 

particular traits, reverse phenomics enables the exploitation of 

these mechanisms or the candidate gene(s) associated with the 

trait, which can then be incorporated into new plant varieties 

or transferred to other plant species using genetic engineering 

(Furbank and Tester, 2011) [12].  
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Plant Phenotyping 

Plant phenotyping is the comprehensive assessment of 

complex plant traits such as growth, development, tolerance, 

resistance, architecture, physiology, ecology, yield and the 

basic measurement of individual quantitative parameters that 

form the basis for more complex traits (Li et al., 2014). The 

plant phenotype include these complex traits, and examples of 

their direct measurement parameters are the root morphology 

(Walter et al., 2009; Kumar et al., 2014; Flavel et al., 2012; 

Clark et al., 2011) [15, 16, 17, 18], biomass (Menzel et al., 2009; 

Golzarian et al., 2011) [19-20], leaf characteristics (Jansen et al., 

2009; Arvidsson et al., 2011) [21-22], fruit characteristics 

(Monforte et al., 2013) [23], yield-related traits (Duan et al., 

2011b) [24], photosynthetic efficiency (Bauriegel et al., 2011) 

and biotic & abiotic stress response (Rao et al., 2013; 

Balachandran et al., 1997) [26-27].  

There are two methods of plant phenotyping: Conventional 

phenotyping & Modern phenotyping. In conventional 

phenotyping technique, destructive sampling, manual visual/ 

instrument aided measurements were used. This technique is 

very time consuming and labor intensive. While in the 

modern phenotyping, non-destructive sampling, automatic 

machines were used. There is a visualization of multi 

parameter data at one time. One example of modern 

phenotyping given by Rahman et al. (2015) [28]. Plants grown 

in greenhouses are then conveyed by robotics via conveyer 

belt to the inspection unit for inspection. There are many 

kinds of imaging platforms, including visual, thermal, 

florescence, and others. Data will then be evaluated and 

interpreted after image processing and when plants are in the 

field, information is collected by using stationary or mobile 

sensors such as aerostats, phenocopters, etc., finally data 

were analyzed and interpretant it. 

 

Phenotype-genotype model 

The main techniques (agronomy, robotics, photonics and 

computer analyses) needed in plant phenotyping platforms. 

Plants grown in greenhouses are then transported by robotics 

via conveyer belt to the inspection chamber for inspection. 

The inspection chamber, which is the core of the phenotyping 

platform, carries out the noninvasive, high-throughput 

screening of plant phenotypic traits using photonics and 

computers. After image analysis, the quantified traits, 

environmental data (e.g., illumination, temperature, irrigation, 

fertilizer) and genotypes are all managed in a database, which 

produces a ‘phenotype–genotype model’ (Figure 2) and 

allows the simulation or predication of responses for special 

genotypes in different environmental scenarios. (Yang et al., 

2013) [29]. 

 

 
[Source: Pasala et al., 2020] [30] 

 

Fig 2: Phenotype-genotype model 

 

Advance Technological tools for Plant Phenomics  

Plant phenomics is a multidisciplinary science which includes 

biologists, chemists, physicists, computer scientists, 

engineers, mathematicians, physiologists, microscopists, 

geneticists, and plant breeders working together in order to 

develop novel phenomics tools and methods. Screening of 

large populations is done in order to exploit genetic variations 

present in the population for a particular trait like yield 

potential, drought, salinity, or high-temperature stress 

tolerance. Parameters of the growth conditions are well 

defined and precisely monitored. Phenotypic data and 

metadata descriptions of the experimental conditions are 

captured for further detailed analysis. These analyses will 

enable to identify relationships between genotype and 

phenotype as well as reveal the correlations between 

seemingly unrelated phenotypes (Schauer et al., 2006; Lu et 

al., 2008) [31-32] and genetic loci (Gerke et al., 2009) [33] 

(Figure 3). The various crucial elements that must be taken 

into consideration while setting up the high-throughput 

phenomics platform are high-resolution imaging devices, 

automated transport for moving plants for imaging, 

sophisticated imaging algorithms, and data from another 

relevant research. 
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[Source: Rahman et al., 2015] [28] 

 

Fig 3: Flowchart of process of high-throughput phenotyping 

 

High-throughput imaging techniques 

High-throughput plant phenomics includes different imaging 

techniques that allow phenotyping of large plant populations 

at each plant level within a short interval of time. Imaging 

plant is not just taking or clicking picture. Its main aim to 

measure a phenotype quantitatively through interaction 

between light and plants such as reflected photons, absorbed 

photons or transmitted photons. It is used to quantify complex 

traits in controlled environmental systems or in the field. 

These all-imaging techniques are artificial sensors but our 

human eye is a natural sensor. We see an object, when light 

reflecting from it falls on our eye retina and our brain 

recognizes the object. The sensitivity of our eye is limited to 

visible region of electro-magnetic spectrum. Some phenomics 

imaging techniques are 3D imaging, infrared imaging, 

thermographic imaging, fluorescence imaging, hyperspectral 

imaging, visible light scanning, spectroscopy, chlorophyll 

fluorescence, X ray/ CT scan and magnetic resonance 

(Sozzani et al., 2014) [34].  

 
Table 1: List of different imaging techniques 

 

Technique Sensor Parameters phenotyped 
aVisible light 

imaging 
Standard visible light camera 

Plant biomass; root architecture; growth dynamic; seed germination rate; vegetation indices; 

plant height; plant structure; morphological traits; panicle traits etc. 

aThermal imaging Near-infrared camera 
Leaf area index; severity of disease; insect infestation of seed; seed composition; canopy, 

shoot and leaf temperature; transpiration and stomatal conductance; plant water status etc. 
aFluorescence 

imaging 
Fluorescence camera 

Photosynthesis activity; quantum yield; severity of leaf disease; health status of leaf; non-

photochemical quenching; chlorophyll conductance; pigment composition, etc. 

aHyperspectral 

imaging 

Hyperspectral camera, thermal 

camera, spectrometer 

Leaf and canopy water content; leaf growth; leaf and panicle health status; quality grain; 

pigment composition; vegetation and water indices; soil cover status; photosynthesis rates; 

levels of phytochemicals, etc. 

a3D imaging 
Stereo cameras, time-of-flight 

cameras 
Canopy and shoot structure; root architecture; plant height, etc. 

aLaser imaging 
Wide range laser scanning 

instruments 
Shoot, root and canopy structure; shoot biomass; plant height; leaf angle distribution, etc. 

bMagnetic 

resonance imaging 
Magnetic resonance imager Water content; morphometric parameters; plant health status; metabolic study, etc. 

a: Applicable in controlled and field conditions; b: Applicable in controlled conditions 

[Source: Jangra et al., 2021] [35] 

 

Visible light imaging 

Visible light imaging technology is widely used in plant 

science. Image captured in the visible spectrum are widely 

used for monitoring plant growth and development. Within 

wavelength (400–700 nm) perception identical to human eye, 

two-dimensional (2D) images captured by digital cameras can 

be used to analyze various plant traits such as shoot biomass 

(Tackenberg, 2007; Golzarian et al. 2011) [36, 20], yield-related 

traits (Duan et al. 2011a, b) [37], leaf morphology (Bylesjo et 

al., 2008) [38], panicle traits (Ikeda et al., 2010) [39], and root 

architecture (Pascuzzi et al., 2010) [40]. Humplik et al. (2015) 
[41] reviewed on the automated phenotyping of plant shoots 

using imaging methods for analysis of plant stress responses 

and it found that the 18 DAG old soil-grown Arabidospis 

plants were treated with 250 mM NaCl (salt-stressed) and 

water (control) by using three different types of imaging 

system i.e. RGB, hyperspectral and Chl fluorescence imaging 

and after 48 hours, there is an analysis of arabidopsis by 
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different sensors for comparison in: morphology (top-view 

RGB imaging can be used for computation of rosette area or 

shape parameters), spatial distribution of vegetation index 

reflecting changes in the chlorophyll content (NDVI) 

provided by VIS/NIR hyperspectral camera, and the changes 

in maximal quantum yield of PSII photochemistry for a dark-

adapted state (ΦPo, also referred as FV/FM) reflecting the 

photosynthetic activity of the plants. 

 

Fluorescence imaging 

The absorbance of light by a compound at a particular 

wavelength and further emission of low wavelength ligth, is 

termed fluorescence. Fluorescence imaging flashes blue 

wavelength (<500 nm) light on the plants and they emit 

fluorescence light at 600-750 nm in the red region of the 

spectrum. The difference in fluorescence are photographed 

and converted in to false color signals using computer 

software to analyze them (Weirman, 2010) [42]. Traits 

measured by fluorescence imaging technique are 

Photosynthetic efficiency, Leaf health status, Shoot 

architecture, non-photochemical quenching etc. Hairmansis et 

al., 2014 [43] worked on the RGB and fluorescent imaging 

technique to find out tolerant rice variety under salinity. Two 

rice cultivars were taken i.e. IR64 and Fatmawati. The 

cultivar Fatmawati appears to be significantly more salt 

sensitive than IR64, showing considerable shoot senescence 

(23%) when exposed to 200 mM NaCl for 20 d. IR64, in 

contrast, exhibited little shoot senescence (4%), even under 

very high NaCl concentrations. While there was an increase in 

shoot senescent area that corresponded to increasing salt 

concentrations, both cultivars had little senescence at 

moderate salinity levels. So, it concludes that IR64 is a salt 

tolerant variety. 

 

Infrared Thermal based imaging 

Thermal imaging allows for the visualization of infrared 

radiation, indicating an object as the temperature across the 

object’s surface. The range of thermal cameras are 3-14µm 

and the most commonly used wavelengths for thermal 

imaging are 3-5 um or 7-14 um. Infrared imaging devices use 

two main wavelength ranges, Near infrared (3-5 µm) and far 

infrared (7-14 µm). The thermal sensitivity of smaller 

wavelength is 3-5 um, which makes it higher than hat of wave 

length at 7-14 um because smaller wavelength correspond to 

higher energy level. Traits measured by infrared thermal 

based imaging technique are:-canopy or leaf temperature, 

insect infestation of grain. Canopy temperature measured by 

Infrared thermometry i.e. represent the temperature of leaf 

while the infrared thermography represent the temperature 

and colored image of particular plant or whole. Kwon et al. 

(2015) [44] used infra-red thermography technique for 

phenotyping of plants for drought and salt tolerance. They 

successfully distinguished the difference between the tolerant 

lines and sensitive lines with great correlation with 

physiological traits like relative water content and stomatal 

conductance. Deery et al. (2016) [45] did a field experiment of 

canopy temperature using Airborne thermography in wheat. 

 

Spectroscopy Imaging 

Spectroscopy imaging is the outcome of the interaction of 

solar radiation with plants through multispectral and 

hyperspectral cameras. In contrast to visible and infrared 

imaging, hyperspectral imaging divides images into bands, 

thus creating a large fraction of the electromagnetic spectrum 

in the images (Yang et al., 2013) [29]. Traits measured by 

spectroscopy imaging technique are greenness, biomass, 

canopy chlorophyll content, leaf and canopy senescence, plant 

water status, photosynthetic status, LAI or NDVI.  

 

3-D Mapping of plants 

Digital photos of the top and sides of plants are combined into 

a 3-D image. Traits measured by 3-D mapping of plants are 

Shoot mass, leaf no., leaf shape, leaf colour, leaf angle and 

leaf health. Sensor used in 3-D mapping is LIDAR (laser 

scanner). It create accurate and detailed 3-D models by light 

projections and laser range scanners. This technique is 

expensive, complex and require longer imaging times. 

 
Table 2: Applications of imaging techniques in field crops 

 

Imaging technique Crop Traits studied References 

Visible light imaging 

Barley Shoot biomass under salinity Golzarian et al. (2011) [20] 

Rice 

Yield traits like number of total spikelets, number of filled spikelets, 

grain length, grain width, and 1,000-grain weight 
Duan et al. (2011a, b) [37] 

Panicle traits like panicle length and number of various branches and 

grain number 
Ikeda et al. (2010) [39] 

Root system architecture 
Pascuzzi et al. (2010) [40]; Clark et 

al. (2011) [18] 

Thermo graphic 

imaging 

Rice Leaf area index 
Sakamoto et al. (2011) [46]; 

Shibayama et al. (2011a, b) [47] 

Maize Starch, protein and oil content in kernel for GWAS Cook et al. (2012) [49] 

Barley, wheat 
Shoot temperature under water deficit condition Munns et al. (2010) [50] 

Osmotic components of salinity tolerance Sirault et al. (2009) [51] 

Hyperspectral 

imaging 

Rice 

Leaves and canopy damaged caused by biotic and abiotic stresses 
Huang et al. (2012) [52]; Munns et 

al. (2010) [50] 

Leaf growth and nitrogen status Nguyen and Lee (2006) [53] 

Panicle health status under biotic stresses Liu et al. (2010) [54] 

Wheat Kernel damage by various insects Singh et al. (2010) [55] 

Chlorophyll 

fluorescence 

Wheat Early detection of disease incidence Moshou et al. (2005) [56] 

Barley, wheat Shoot temperature under water deficit Munns et al. (2010) [50] 

X-ray 
Wheat Root growth parameters under phosphorous fertilization Flavel et al. (2012) [17] 

Wheat, rapeseed Root growth and architecture under root/soil interactions Gregory et al. (2003) [57] 

[Source: Rahman et al., 2015] [28] 
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Field-Based Plant Phenomics  

Significant advancements have been made in field of 

automated phenotyping platforms in form of application of 

robotics, new sensors, and advanced imaging technologies in 

growth chambers and glasshouses (Granier et al., 2006; 

Jansen et al., 2009; Furbank and Tester, 2011) [58, 21, 12]. 

Providing quantitative information on the dynamic responses 

of plants to their natural environment is the main objective of 

plant phenomics. Screening the plants in 

greenhouse/controlled environment suffer from a number of 

limitations like changes in solar radiation, wind speed and 

evaporation rates, limited soil volume, nutrient availability in 

pots, and interaction with mutualistic, parasitic or competitor 

organisms, etc. In addition, when plants are screened in 

controlled environments for a specific trait, the interaction 

between changing environment and plant phenotype is greatly 

missed and fail to characterize the responses relevant to the 

field conditions (Poorter et al., 2012) [59].  

Therefore, screening and identification of germplasm for a 

desirable trait is done best under such field conditions of soil, 

climate, and biotic stress agents where final varieties will be 

grown. However, researchers are continuously putting their 

efforts to develop such reliable techniques for field-based 

phenotyping (FBP) which screen at a larger scale and predict 

an accurate description of trait expression in cropping system. 

Furthermore, field measurements serve as a significant test for 

the relevance of the laboratory and greenhouse approaches. 

For FBP, airplane and satellite-based systems are used at field 

scale, but studies using proximal (close-range) sensing are 

typically the only method that can provide reliable data with 

sufficient resolution, multiple angles, and illumination 

control, as well as at a closer proximity to the target to the 

sensors (White et al., 2012) [60]. 

 

 
[Source: Morisse et al., 2022] [61] 

 

Fig 4: Overview of different field phenotyping platforms 

 

Relevance of high-throughput phenotyping technology 

Screening and identification of Abiotic Stress  

Abiotic stresses such as drought, salinity, submergence and 

high & low temperature, reduces crop growth and biomass 

leading to yield loss in agricultural crops worldwide. The 

response of plants against these stresses is sophisticated and 

dynamic and it involves a complex crosstalk between multiple 

pathways at different regulatory levels (Saito and Matsuda 

2010) [62], phenotyping for tolerance against these abiotic 

stresses is often a big challenge. Screening of large mapping 

population or a collection of germplasms for QTL analysis or 

association mapping of abiotic stress tolerance is a time 

consuming and impractical task. But with the advancement of 

high-throughput phenotyping techniques, it has now become 

possible to screen multiple traits for huge population size 

nondestructively under stress conditions. Abiotic stresses such 

as drought and salinity etc. are highly associated with 

phenotypic, biochemical and physiological changes, which 

are outlined in Table 3. 

 
Table 3: Phenotyping for abiotic stress in different crop species 

 

Crop Stress Automated techniques 

Arabidopsis Heat, Drought, chilling RGB (top view) TLCFIM 

Barley Drought, salt RGB (multiple view), hyperspectral NIR, SLCFIM 

Grapevines Drought RGB (multiple view) 

Tomato Drought RGB (multiple view), hyperspectral NIR, SLCFIM Lemna Tech 

Rice Salt RGB (multiple view) SLCFIM 

Sorghum Nutrient deficiency RGB (multiple view), hyperspectral NIR 

Bean Nutrient deficiency RGB (top view), thermoimaging, TLCFIM 

Pea Cold RGB (multiple view) KCFIM 

[Source: Jangra et al., 2021] [35] 

 

Study of various physiological processes in plants 

The photosynthesis plants have two major photosynthetic 

mechanisms, i.e., C3 and C4. Researchers want to replace the 

C3 pathway of crop species with a more efficient C4 

mechanism because C4 plants can concentrate carbon dioxide 

inside the leaf and photosynthesize more efficiently compared 

to C3 plants (Von Caemmerer et al., 2012) [63]. But the major 

limiting factor in photosynthetic performance is the 

inefficiency of the enzyme Rubisco. Some plants have better 

Rubisco efficiency than others. Using phenomics, researchers 

are searching through thousands of wheat varieties with a 

better performing Rubisco and higher rates of photosynthesis 

https://www.thepharmajournal.com/


 

~ 742 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

that can grow well under nutrient deficiency, drought and 

salinity (Tackenberg 2007; Baker 2008) [36, 64].  

 

Rapid and efficient screening for elite mutants  

Remote sensing technology enables plant researchers to 

analyze a large number of plants in field conditions. 

Measurements can be taken on large population of plants at 

once and over a whole growing season. Some examples of 

phenomics field technology are phenonet sensor network, 

phenomobile, phenotower and multicopter. These 

technologies are also used in detection and monitoring of 

disease epidemics in the field and root attack by pathogens, 

facilitating the screening of germplasm and modeling of 

biomass production (Miyao et al., 2007) [65]. 

 

High-Throughput Plant Phenotyping Facilities in India  

Phenotyping facilities are becoming important in developing 

countries like India. Recently several phenotypic platforms 

have been established in our country. Plant Phenomics 

National Facility at ICAR-IIHR (Indian Institute of 

Horticulture Research) was inaugurated on November 2015 

and this advanced facility supports the research activities 

engaged in non-destructive identification of tolerant 

genotypes under adaptation strategies to manage climate 

change impacts on horticultural crops. Phenospex high-

throughput field phenotyping facility (Field Scan) was 

inaugurated at ICRISAT, India, in April 2014. This platform 

has a capacity of 10,000 of plants with a throughput of 5000 

plants/h. Available at ICRISAT, Leasy Scan is a phenotyping 

platform that uses Plant Eye camera and captures 3D images. 

This equipment is capable of scanning 3200–4800 plot/2 h. 

High-throughput phenotyping facilities were inaugurated at 

Central Research Institute for Dryland Agriculture (CRIDA) 

in July, 2014. This facility was installed under the National 

Initiative on Climate Resilient Agriculture (NICRA) project 

launched by ICAR. This phenotyping-platform allows 

quantitative and non-destructive analysis of crop varieties and 

germplasms under controlled environmental conditions. ICAR 

through National Agricultural Science Fund (NASF) 

established a state-of-the art plant phenomics facility at the 

Indian Agricultural Research Institute, New Delhi (Figure 5). 

This facility is the largest in India and one of best facility in 

terms of analytical capabilities among the public funded 

Institutions in the world. The centre also comprises of 

“Climate Controlled Facility” with 8 different greenhouse 

chambers with precision control of temperature and CO2. This 

will be highly useful to study the interactive effects of 

elevated CO2 with heat and other climatic stress factors. The 

facility has four hi-tech climate-controlled greenhouses for 

cultivation of plants in defined environmental conditions. For 

plant cultivation, the facility is equipped with 1200 plant 

carriers with RFID chip tag. The plant carrier on moving field 

conveyer system randomizes plants within the greenhouse and 

carries plants for automated weighing and watering, and 

imaging at various imaging platforms. The facility has 5 

automated weighing and watering stations for precise 

imposition of drought stress to plants and to measure 

transpirational water loss and water use efficiency of plants 

(PlantPhenomicsCentre_inauguration_News_13102017.pdf). 

 

 
[Source: PlantPhenomicsCentre_inauguration_News_13102017.pdf] 

 

Fig 5: A birds-eye view of Nanaji Deshmukh Plant Phenomics Centre at ICAR-IARI, New Delhi 

 

Conclusion and future prospectives 

Phenotyping is an efficient tool to screen and select tolerant 

germplasm under different abiotic stresses in a very less time 

as compared to conventional phenotyping. The use of non-

invasive high throughput sensors have really enhanced the 

capability of phenomics platform to acquire thousands of 

phenotypic features, as compared to few traits measured by 

conventional methods. Use of phenomics for analytical 

breeding is expected to break the barriers of yield and 

adaptability of crops to stress environment. Majority of the 

available plant phenomics technologies are restricted to 

controlled environments, which poses a challenge for 

collecting phenotypic data in a dynamic microclimate. For 

producing accurate, precise, multi-dimensional and reliable 

phenotypic data, agricultural germplasm, breeding lines, and 

mutant populations in field banks may be the next target for 

field phenomics imaging technologies. Recently, various 

powerful field imaging technology sensors, such as phenonet 

sensor network, phenomobile, phenotower and multicopter, 

were used to produce realistic data. For greater usage of these 

plant phenomics technologies to identify the climate-resilient 

varieties, user-friendly, cost-effective equipment coupled with 

basic image processing software and simple statistical 

analysis programmes is required. 
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