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Integrating non-invasive VIS-NIR and bioimpedance spectroscopies for
stress classification of sweet basil (Ocimum basilicium L.) with
machine learning
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ARTICLE INFO ABSTREACT

Eeywaris Plant stress diagnosis is essential for eficient crop management and productivity inoease. Under stress, planes
Hlutmpedanses andergn physiological and compositonal changes. Vegetation indices chtamed from leaf refleciance specira and
Vegraation index hinimpedlance spectrascopy provide information about the external and internal aspects of plant responses,
rrh:nm:nl:qmu\g respactively. In this study, bisimpsdance snd vegetation indices were noninvasively acquired from sweet basil
Cowser hind] {Deimum Besilicem L} leaves exposed to three types of stress {drought, salimity, and chilling). Integrating the
R —— vegetation index, a novel approach, contains information abowt the suface of plants and bisimpedance data,
which indicates the internal changes of plants. The fusion of these twoe datasets was examined to classify the
types and severity of stress. Among the eight supervised machine lewming models (three linear and five non-
linear), the support vector machine (VM) exhibited the highest accoracy in cassifying stress types. Bios
impedance specirosopy alone exhibited an accuracy of 0BG and improved 1o 090 when fused with vegetation
imdices. Additionally, for droaght and salinity stresses, it was possille o classify the early stage of stress with
poruracies of 0.95 and 0,93, respectively. This study will allow us to dasify the different types and severity of
plant stress, prescribe approprizte treatment methods for efficient cost and Eme management of crop production,
and patentially apply them bo bow-cost field measurement sychems.
1. Introduction proper treatment. However, most farmers rely on visual recognition to

diagnoze plant stress, and not all farmers have enough experience in
appropriate treatments, leading to delays in making sccurate declsions
[Houetoh i 2

Ll £
Recently, there

Sweet basil (Ovimum basificem L.) le cultivared worldwide and i one
af the most econombeally important herbs In varbous food, seasoning,
perfume, cosmertlc, and medicinal applications. It 1s an annual plant that

tal  Sias

grows best In warm weather conditions with sufficient sunlight and
malsture, and it 5 highly sensitive to envieonmental changes such as
drought and cold (Barzek er al, 2019). Stress on plants can induce
damage to plants by compromising their photosynthetic capabilities,
consequently leading to significant decreases in plant growth rates and
productlvity (Bechrold and Fleld, 2008). Various environmental stresses
swch as drought, flooding, heat, and frost could lead to a global decrease
in crop yleld (Lee e1 gl, 2021) Failure to detect the siress-induced
damage in the early stage may result In significant losses in large
areas of crops. In addition, |dentifiying the cause of stress I8 essential for

vent damage to plants in controlled environment agriculture, such as
Indoor agriculture and vertical farming, by wtilizing varlous environ-
mental monltoring sensors. For example, temperature, humidity, and
iy sensmors are used to increase crop productvity and provide sultable
environmental conditions by manltoring and optimizing enviconmental
conditlons (Prakash et al, 20235). However, the data derived fvom these
sensofs serves 85 Indirect environmental factors rather than direct
indices of plant physiclogical health. [t is difficult to recognize the
stresses of plants from the sensors that measure environmental infor-
mation. Therefore, It I3 necessary to diagnose the stress imposed on the
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O VIS/NIR =& (Visible and Nearlnfrared Spectroscopy)

Received 29 Pebruary 2024; Received in revissd form 27 June 2024; Accepted 16 July 2024




El=

of SEO0M HAEALE &

=1
x

(Bioimpedance Spectroscopy)

HX|4=(Vegetation Index)
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