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ABSTRACT

Crop phenotyping simgopvast anadaiyts to identify the key chara
hi gher yield, productivity, and improved toleranldiegho stres
Throughput Phenoplbhpysga(EHTBEial role in sawrabhengeantdypeke
for breedingHpPogplams or ms, which | everage modern digital t
and specialized software, have significantl|l yHSPmmpé¢ti hioads thi
have been expensive, researchers worl dwide are dewvel oping
effective tools, camer-ascesasnsofs$ waard opa&kmng these technol
accessByllinking genomioad ewdtiper éalk mance, HTP bridges the
pl ajmtgenetic potenti al and its actual agricultural outcomes
rapidly, phenotyping continues to evol ve, gradually overcol

croppriaowvement programs.

Keywor dsi:glhhr oughput Phenoteyspi mg,optAfvfeortdaahbltes, Phebiogiyppalng

agricultural tool s

I NTRODUCTI ON

Phenot yrpeifnegr s t o the st udsy oobfs earnv aobrigea ntirsam t s, whi ch result f
bet ween its genetic makeup and the surrounding environmen
examining various morphol ogical, physimololgarcadt, e hii otcihea.i clatl
a vital role in crop improvement, as identifying and sel e
cruci al first step in plant breediWdhardiagniec clhtamrga!l i ad\wa
alongside popul adilbinmigredathat@awnr al resources, the need for ¢
become more urgent. Traditionall y,dgweactras nyg eled/, argutirciutlitaim:
and stress odthalsebha@&rene a | abord @ousuminmg tp mMmec eslse dHuevreyemc et

of HTP technologies has transformed thssafeebdrbgniengbbfnp
traits that contribute to higher yield and productivity.
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Concept ofThHiogghghput Phenotyping

HTP refers to the automatsed) er apiséssmedt | afgel ant traits.

technology has transformed traditional phenot ypiarsgedby i nc
met hods, enabling faster and more precise measurement of p
automated gdeanairce,l |l ection, and analytical tools to generat

efficiemtdwgh this approach, pl it dheSbher abdi@attesal t s

gr owt h stages, enhancing t he preci si

Figure 1. Compweh®verview of key apiyrihiroatgihprug iPrhehhiogty pi ng
(HTR)

Depending on where the process is carried out, phenotyping
field phenowhpehgutilizes drones and wunmanned aeri al vehi
environment phenotyping, which takes place in BeeambBeuses

HTP primarily uses imaging t-debholbogi eset,iannetl ingobmer b mggy rodn key
physiological parameters such as canopy temperatur-e, chl or
related traits t hr®oudgehvoeulto ptnieen tp.l alnntese measur ements are mad
t he integration of various andyi amaal yttoioclladl,t issoafhtevbayrse . si nc e
phenotype arises from the interaction between genotype al
through HTP enable researchers t-peirdemmi hy ardcosglpesct foheb

programs ai meldomitnglesyruperior crop varieFigslw)th desirable
Physi ol ogical Traits in Focus

HTP serves as a physiological tool for evaluating functi one

focuses on measurabl e physi ol ogtcal pfamamét drrs efiatci eedy,

productivity. For instance, canopy temperature is used to
directly related to drought tol erance; chl orophyl | fluore
photosystemadrnd (PSerldl)l quantum yield; while measurements o
at speci fic growth stages provide insights i ntoByi omass

coy



