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Abstract

The design of optical instruments is an active subject due to improvement in
lens techniques, fabrication technology, and data handling capacity. Much
remains to do to expand its application to phytopathology, which would be in
particular quite useful to improve crop growth monitoring in countries like
Mali. An optical multimodal system for plant samples has been developed to
improve the characterization of leaf disease symptoms, provide information
on their effects, and avoid their spread. Potentially inexpensive components
(laser, lens, turntables camera and sample, filter, lens, camera and computer)
have been selected, assembled and aligned on an optical table into a multi-
modal system operating in transmission, reflection, diffusion and fluores-
cence. The illumination and observation angles can be adjusted to optimize
viewing conditions in the four modes. This scientific contribution has been
an initiation into the design and implementation of an optical instrument.
Initial results are shown and will now be extended in cooperation with agro-
nomic laboratories in African countries for tests on specific plant diseases in
relation with prevailing climate conditions.
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1. Introduction

Optical spectroscopy since its emergence as an essential analytical technique is a

rapidly expanding field, and its applications range from medical diagnostics to
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the environment to agriculture. However, the penetration of the technique in the
disadvantaged regions, where the needs are very numerous, comes up against the
challenge of developing robust and economical solutions. This may be due to
ignorance; theory, the operating principle of an optical spectroscope equipment,
the use of this analysis technique in the fields of applications or the lack of ex-
changes between scientific research laboratories and Malian economic commun-
ities as well than those elsewhere. This article will focus on the application to
agriculture and on countries whose economies need special support. By else-
where, studies have been carried out at Lund University in Sweden to design a
multimodal optical system; which can be used in Transmission, Reflection, Dif-
fusion and/or Fluorescence mode by modification of a conventional optical mi-
croscope. Its operating principle consists to illuminate objects using 13 light-
emitting diodes to acquire multispectral and multimodal images ranging from
ultra-violet to near infrared [1] [2]. The multimodal microscope has been ex-
ploited everywhere by physics scientists in West and Central Africa; while de-
veloping powerful techniques for wide multidisciplinary and multivariate appli-
cation in the health field to diagnose malaria [3]-[10]. Even if, its application was
initially limited to the study of malaria, the use of the optical and multimodal
microscope in the field of agriculture has also been the subject of numerous stu-
dies and publications by physicists in Mali and in Cote d’Ivoire by developing
multispectral imaging and multivariate analysis techniques in order to under-
stand in real time the epidemiology of certain pathogens to help biologists, bio-
chemists and agronomists in their fight against pathogens [11] [12] [13] [14]. As
such, optical and multimodal spectroscopy has been a complementary study of
the preventive measures adopted by these researchers evolving in phytopatholo-
gy for the eradication of these devastators [15]-[20]. It is likely that, this tool was
conceived by certain elements of optics; however, it was not modifiable to per-
form fluorescence and polarization studies. It was used only for the studies in
transmission, reflection and diffusion. Another research was carried out on mul-
tispectral to develop the multimodal imaging measurement instrumentation
protocol studying wavelength by wavelength each of the light-emitting diode
modules [21]. In addition, the University of Angers in partnership with the In-
stitut d’Optique Graduate School of the Jean Monnet University in Saint-Etienne
has produced an experimental model of a 3D light sheet microscope whose op-
erating principle uses two Lasers for the study of fluorescence in biology by light
scattering [22].

In light of Rousseau’s innovation in 2017, an optical system has been put in
place for multimodal studies in transmission, reflection, scattering and fluores-
cence. It can be used particularly in the field of phytopathology in order to detect
any parasitic infection on cultivated leaf plants. The device has a principle of op-
eration also with laser lighting and/or LED (Light Emitting Diode) for the mi-
croscopic observation of biological samples through spatial information in order
to carry out their spectroscopic and multimodal detection study. The relevance

of this work for agriculture in regions with modest resources mainly contributes
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to the development of the potential of the innovated instrument and its uses at
different scales in phytopathology; able to solve spectral diagnostic problems
studying the effect of bacteria, viruses or other types of chemical or biological

elements on plants.

2. Materials and Methods

The system demonstrated is composed of the following elements.

- A laser diode (635 nm class II) for the illumination of the sample coupled to
a lens (spherical or cylindrical according to the needs of the experiment) of
focal length f = 175 mm and at a linear optical density to adjust the level
lighting.

- A 435 nm high-pass filter (435FG03-25-Andover) cuts all wavelengths below
435 nm and a 405 nm laser making it possible to emit only the fluorescence
emission at a length of precise wave.

- A 1/3 1280 x 1024 USB CMOS color camera (DCC1645C-Thorlabs) coupled
with a Canon EF-S 60 mm £/2.8 macro USM lens.

- Newport Micro-control opto-mechanical elements including all the supports,
the fixings and the two turntables of rotation for the sample and the camera:
M-UTR80 and M-UTR120, these two turntables of rotation being necessary
for the choice of the study modes in transmission, reflection, diffusion and
fluorescence.

As such, the optical system is appropriate for the analysis of samples of milli-
meter size (See diagrams of the optical system in the “Results” section).

Each of the study modes cited corresponds to a choice of lighting and obser-
vation directions. The camera’s axis is the direction of observation and this last
is placed in the plane of incidence, defined by the normal to the sample and the
direction of illumination. By designating by & the angle of incidence of the illu-
mination beam on the sample and by a the angle made, in the direction of light,
the axis of the illumination beam with the axis of the camera (see Figure 1).

In transmission mode, the sample is illuminated normally and the axis of the
camera is in the lighting extension, so that it is illustrated in Figure 1, therefore
a=0°,60=0".

In reflection mode, it is important to exploit the variation in reflectance as a
function of the angle of incidence. By following specular and non-diffuse reflec-
tion, Descartes’ law for reflection involves:

a=n-20

For example, if the angle of incidence on the sample is 50° (relative to the
source), the reflected signal picked up by the camera is 80°.

In diffusion and fluorescence, the sample may be illuminated at an angle of
45° with the camera being kept normal to the sample, so =45, a=90".

The following Table 1 summarizes the test angle selected.

By respecting these choices for each mode, its operating principle is similar to

that of the conventional microscope, or more exactly to an assembly macro
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For study modes: Camera 2
- lenses 1 and 2 are identical

- Camera 1 and 2 are identical;
- F1 et F2 (Filters) are identical;

T: Transmission;
R: Reflection;

Scatt: Scattering;
F: Fluorescence.

Figure 1. Diagram determining the angles of rotation for sample and camera in trans-
mission, reflection, diffusion and/or fluorescence.

Table 1. The values of the angles of incidence and the rotation stages for transmission,
reflection, scattering and fluorescence mode.

a: Direction of the camera axis

Mode & Angle of incidence L
by a report incidence
Transmission 0° 0°
30° 120°
45° 90°
Reflection
50° 80°
60° 60°
Scattering 45° 90°
Fluorescence 45° 90°

photography. The designed tool consists to illuminate biological objects (dis-
eased or healthy leaf plants) using an illumination source (either lasers or LEDs)
to pass visible light through the lens in order to converge the incident flux to-
wards sample. In fluorescence mode, a filter cuts the excitation light by recover-
ing only the light emitted by the sample at the wavelength fluorescence retained.
Finally, the high magnification objective allows an intermediate (enlarged) view
of the sample captured by a CMOS camera, the image of which will be acquired
using a computer.

Given that each biological sample has its optical properties, for better use of

the optical system, it is also necessary to take into account the working wave-
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lengths and the selection of the angles for each mode of study.
Image acquisition has been validated on a few samples of plant stems and on a

lettuce leaf (See the figures in the results section) to lead to a complete study
within the framework of this research work.

3. Initial Results

The various stages of design of the optical system according to the modes of stu-
dies in transmission, reflection, diffusion and fluorescence are represented below
in Figure 2 and Figure 3 with indication of the propagation of their light radia-
tion, their angle of incidence and their direction of the axis of the camera.

Following the realization of this scientific work, after having familiarizing
ourselves with the design of the new material, the operating principle of the de-
vice was validated on samples of plant stem and lettuce leaf in order to acquire
their microscopic images according to the corresponding modes such as trans-
mission, reflection, diffusion and fluorescence (Figure 4).
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Figure 2. Design of the optical system in transmission mode with angle of incidence and
direction of the axis of the camera: zero degree.
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Figure 3. Design of the optical system in reflection, scattering and fluorescence mode
with angle of incidence (45 degrees) and direction of the axis of the camera (90 degrees).
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(a) (b) (0)

(k) (O] (m)

Figure 4. Example of microscopic images with some plant samples according to the cor-
responding modes ((a), (b), (c), (d), (e), (£), (g), (h), (i), (j), (k), (1), (m) and (n)). (a) Blue
LED plant stem diffusion; (b) Blue LED plant stem transmission; (c) Tige plante LED
bleu transmission filtre; (d) Tige plante LED rouge diffusion; (e) Tige plante LED rouge
transmission; (f) Tige plante LED rouge transmission filtre; (g) Tige plante LED verte
diffusion; (h) Tige plante LED vert transmission; (i) Tige plante LED vert transmission
filtre; (j) Tige plante sans ecairage diffusion; (k) Tige plante ecairage avec neon diffusion;
(1) Laitar ecairage ambiaet; (m) Laitue eacre flue LED blease; (n) Laitue eacre flue LED

verte.

These series of microscopic and multimodal images will be used to recon-
struct the corresponding spectrum wavelength by wavelength using the tech-
nique of optical and multimodal spectroscopy for a complementary study in or-
der to have information on the state of health of the pathogens likely to attack
crop plants [11] [12] [13]. In other fields such as biology for example, these types
of image qualities can provide spectral information on the molecular biology
processes existing in plant leaves or viral and bacterial morphological study of
pathogens. Our ambition is to introduce inexpensive processes for in-the-field
monitoring of the spread of plant diseases to improve agricultural yields. For
most researchers, fluorescence images can also be useful in detecting plant cells
which cannot be discriminated in transmission or other modes of study. In or-

der to understand the epidemiology of a parasitic disease, it is necessary to iden-
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tify the causative agent and to study all the factors governing its development.
This is how in the context of spectroscopy/microscopy applications to phytopa-
thology, the evolution and especially the early detection of pathogens such as
viruses and bacteria on diseased leaves is currently a research subject using spec-
troscopic and multimodal imaging data that can be exploited by statistical tech-
niques. To better understand the performance of the recent imaging system, it is
preferable to carry out the spectral and multimodal study of certain pathogens

and their interaction in environments where plants are cultivated [11] [12] [13].

4. Discussion

This research work mainly aims to design a multimodal optical system with light
sheet usable in transmission, reflection, diffusion and fluorescence modes for
application in several fields of phytopathology in order to study the potentialities
of the macro-imaging device derived from a work by David Rousseau, professor
at the University of Angers, for “light sheets” imagery [22]; with a view to pro-
posing a reference protocol defining the angles of rotation of the turntables of
the camera and of the sample. The positive results of this research demonstrate
that the main objectives have been achieved and will serve as a starting point for
future work. This scientific research is on the one hand a complement of train-
ing by an initiation to the design of optical instruments, a subject which is not
taught in Mali, and on the other hand the primer, on an imagery mounting con-
crete and partially innovative, of the reflection at the base of his future research
subject in Bamako and almost elsewhere.

Furthermore, transmission, reflection, scattering and fluorescence studies
were carried out by Swedish physicists [1] [2] [4], within the framework of co-
operative research projects; using high quality microscopes better suited for mi-
crobiology than for plant pathology and which pose almost insoluble mainten-
ance problems in some African environments. In addition, the lighting of leaf
samples are made by light-emitting diodes; and these are limited to transparent
samples in order to acquire in terms of qualities their multimodal image, finally
they are exploitable for the application of optical spectroscopy [11] [12] [13].
However, these light emitting diodes are not intended for all types of plant leaf
samples for microscopic and multimodal imaging. On the other hand, for the
phytopathology study, the optical system carried out in this work is requested
with any light source and regardless of sample properties for microscopic and
multimodal imaging.

At the initiation of this work, the less sufficient available data did not prevent
the realization of the instrument by association of some optical elements des-
tined for the characterization of the spectral behavior of the phytopathological
diseases proceeding to their follow-up in the fields of real-time plant cultures.

However, contacts with the agricultural community may exist through biology
and may provide a selection of subjects for study. The hope is obviously in the
long term to be able to introduce in full scale into agricultural holdings dedicat-

ed instruments useful for diagnosis and if possible for elimination certain para-
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sites and diseases of cultivated plants. The adaptable instrument is developed for
many cases, easy both to use and keep in working order.

The economic importance can be considerable for the agro-food sector, justi-
fying the implementation of research and development work to improve the
tools for characterizing these pathogens and to acquire knowledge about their
epidemiology to develop new control methods using the system designed for the
plant pathology approach by optical and multimodal spectroscopy. The preven-
tive measures adopted by microbiologists and agronomists in Mali and else-
where require a complementary study based on optical and multimodal spec-
troscopy by improving the techniques of spectral characterization of plant dis-
eases, in the agricultural field while developing the relative knowledge to mi-
nimize the propagation of these phytopathological diseases such as bacterial and
viral diseases [15] [16] [23].

As a result, the designed and innovative optical system is capable of diagnos-
ing pathogenic diseases that are poorly controlled because of their abundance
and seasonal resistance in crop fields.

The design of this material will help the General Council of Agriculture to
take decisions for the development of the agrarian pole in disadvantaged regions.
Thus, the development of this multimodal imaging system for plants seems the
most relevant than the biochemical interpretation systems to detect and/or study
the effects of pathogens allowing physicists to definitively adopt the design of
optical tools for phytopathology.

5. Conclusion

Regarding this research work based on the design of a multimodal optical system
for the study of phytopathology, the results answer to the initial objectives. The
interest of this project concerns the potential of the innovated instrument and
these uses at different scales, namely the relevance of this work for Mali, mainly
contributes to the establishment of an optical device capable of solving spectral
diagnostic problems applied in any field. In addition, universities, colleges and
institutes for agricultural engineers in the country will benefit from application
support within the framework of laboratory work for the satisfaction of popula-
tions working in the agricultural sector. Thus, this research work is relevant and
innovative, meets the needs of players in the applied physical sector at the na-
tional and international level.

In the field, crude and robust instruments will therefore have to be developed
for each case selected, so that they can be deployed with very modest financial
and human resources. For example, it will be necessary to limit oneself to minor
modifications on mobile phone cameras, fitted with mounts to ensure illumina-
tion (in spectrum and orientation) and detection (at the desired magnification)

under conditions specified in advance and reproducible.
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