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Abstract

Precision agriculture and smart irrigation techniques have gained prominence in recent years to ad-
dress the challenge of maximizing agricultural productivity with limited resources. Efficient water
management is crucial for ensuring crop health and yield, as water plays a vital role in the photosyn-
thetic process. Water-stressed plants are more susceptible to diseases, infestations, and reduced yield.
Therefore, this research focuses on developing fast, accurate, and non-invasive methodologies assisted
by machine learning (ML) for quantitatively assessing plant hydration levels, a key parameter for plant
health.

Terahertz (THz) radiation, which is highly sensitive to water content, and considered non-invasive
for biological materials, is explored here as a suitable tool here for monitoring plant hydration. The
study investigates spectroscopic and imaging techniques in the THz region to understand the dynamics
of plant hydration. The research is carried out in phases: the initial phases establish the viability of
theoretical and inductive models for hydration monitoring, followed by the design of standardized
methodologies and calibration curves of transpiration rates through in-vivo and in-situ analysis of plants.
The plants are observed under unstressed and drought-stressed conditions using photoconductive-
antenna-based frequency domain continuous-wave THz spectroscopy and time-domain THz imaging.
In the next phase, complementary analysis is performed, utilizing high-resolution phase and amplitude
information obtained from images captured at high frame-rates using a quantum-cascade-based laser-
feedback interferometry system to map water dynamics in plants.

Supervised ML regression is employed to predict moisture content in plants by analysing time-lapsed
THz images and spectroscopic information from the leaves. Decision trees, random forests, support
vector regression, and partial least squares regression models are utilized based on the extracted
predictors for the analysis. The research also explores signal-processing and image-processing
algorithms for each system to integrate ML techniques with THz sensing data, contributing to the
emerging field of data-driven algorithms for agriculture. The findings demonstrate the effectiveness
of the THz technologies combined with appropriate ML models in estimating the moisture content
in plants. The results indicate substantial potential for these techniques in agricultural applications,

particularly in non-invasive monitoring of plant water status for the regulation of irrigation systems.
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Abstract in Hindi

o oo auf A Tle PN 3R W RS o] 3 HTH! Hew Ui fhar ] drfer Hfera St &
Y HIY IATGHA DI HTYHTH B BT AT BT AT [T oI T | HHA BT WRIT 3R JcATGdHal
I HA & oI F=1et o1t veey Heayul 8, o Uit TesT=1 S=awor issar & Aeaygu yffet
fAymar |1 Tt @t Bt T Uil ) I, PIT 3R FH IATGHd BT AT AT USdl 8| 3T, T8
ST Qe &b BTSSYH TR BT AU B b 7T A @i+ (THTH) gRT T8I o, Idie 3R
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