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chemical properties of the soil condition - humidity, mineral composition and
other indicators, by direct sampling in the studied areas of land are widely used. However,
is technology is quite labor-intensive and does not allow obtaining operational information,
cially when surveying fairly large areas. Therefore, non-contact methods have now been
developed based on the use of physical laws of interaction of electromagnetic waves with
matter, which consists of recording return signals in a wide range of radiation that carry
information about the state of the object. The most widely used sensors are those that record
back radiation, installed on mobile platforms - tractors, airplanes and artificial Earth
satellites.
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It is known that in plants throughout the entire period of ontogenesis, the photosynthetic
apparatus (PSA) plays the main role, the functioning of which is closely related to
environmental conditions. The main factors determining their physiological state are the
quality of the soil - the presence of basic elements of mineral nutrition, humidity,
illumination, temperature, etc. Deviations from the norm of any of these factors ultimately
lead to both structural changes in the entire plant organism and to changes in the functioning
of the PSA.

There are remote methods for sensing vegetation using various optical d

plant organs in the form of fluorescence under the influence of la:
be very promising in this regard [3,4].

2 Materials and methods
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jce the living leaf of a plant is a rather complex system from the point of view of studying
photophysical and photochemical processes, in order to develop basic approaches to real
experiments, it was necessary to conduct experiments on such more simplified models as
extracts of pigments that play a major role in the photo processes of interest to us. The
chlorophyll fractions "a" and "b" extracted from the leaves served as these models.
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Fig.1 Fluorescence spectrum of chlorophylls "a” + "b", "M" — fi

Fluorescence spectra of acetone extract of pigm
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chlorophyll fraction contains two pronounced flu
690 nm, and one, less pronounced, in the regio parently, the pronounced
maximum in the region of 657 nm and the long-wa ciated with the absorption
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demonstrate that it is possible to choo : neth of exciting radiation at which the
differences in the shapes of the fluorescenige sps rgments with similar concentrations
of fractions will be greatest. onts also allow us to state that by selectively
exciting fluorescence in prg :tone solutions of chlorophyll, it is possible to

in their native state in tl c paratus. To provide the necessary statistics, a
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2).
results are in qualitative agreement with the results of [6], where it was

e in fluorescence is obviously associated with a decrease in the efficiency of
hotosynthesis, as a result of which most of the absorbed and unused energy is emitted as
iation. At the same time, nitrogen and phosphorus deficiency weakens the fluorescence
ensity by two or three times at 690 and 735 nm, which is due to a decrease in the
chlorophyll content in the leaves. As a result, these two competing processes make it difficult
to unambiguously diagnose the integrated fluorescence output. In addition, during remote
measurements, the fluorescence emission image has a natural scatter depending on the
projective vegetation cover and, accordingly, changes in the concentration of chlorophyll
along the sounding route. However, the spectral form turned out to be more informative than
the integral fluorescence output. Therefore, the analysis of the spectral structure of the
fluorescent response was chosen for the most accurate identification of the plant condition.
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Fig.3 LIF spectra of cotton leaves depending on its physiological state in the absence of visual signs
of the disease: / — healthy leaves; 2 — leaves of cotton artificially infected with a fungus (after 48
hours after infection); 3 — leaves of cotton artificially infected with a fungus (after 60 hours after
infection).
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4 Conclusions

Thus, fairly clear differences were found in the structure of the fluorescence spectra
corresponding to healthy and infected plants. It is noteworthy that in the fluorescence spectra,
the pathological condition of plants manifested several days before the appearance of visual
signs of the disease.

It should be noted that the shape of the spectrum corresponding to the same state g

stem. As a result, the overall spectral picture of the remote data will be somewha
although the overall ensemble of spectrograms corresponding to each sta

methods based on pattern recognition in the processing of the re
training spectral images were created for various modifications o

corresponding to a certain type of plant are constructed,
In the present tests, the choice of 12 spectral channels i

ion agriculture (PA), which
e of resources [9]. Along
unmanned aerial vehicle

Thus, laser sensing can become one of the
ensures the achievement of maximum crop yield
with the rapid development of big data cloud
technologies, such research is becomin i
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