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(57) Abstract: The invention relates to the method and the device for diagnosing plant growing conditions. The invention is
aimed to detect the deficiency of the main chemical elements (Fe, B, Mn, Zn, Cu, Mo) during the vegetation period of the plant.
The method and device for the diagnosing of plant growing conditions is based on the irradiation of the leaves of different age
(1A, 1B, 1C, 1D,...) placed in separate chambers by visible and infrared light, and the spectrum analysis of the light reflected from
the leaves. The estimation of the deficiency of micro elements and the diagnosis of the plant is performed according to the mea-
sured differences between the spectra of a light reflected from all the leaves of the plant.
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Method and device for diagnosing plant growing conditions

Field of the invention

The invention relates to the methods and the devices for diagnostics of the growth
conditions of a plant.

In principle for most of the plants 17 chemical elements are sufficient to grow and
develop full vegetation. Some plants require additional 3 or 6 chemical elements, but for
summer wheat 17 are enough: C, H, O, N, P, K, Ca, Mg, S, Mn, Fe, B, Cu, Zn, Mo, Ni, Ci
(macro- and micro- elements). Mn, Fe, Mo, Ni are heavy metals, therefore, in the case of over
fertilization, high concentration of these metals in the plants and the soil is harmful. Each
element performs different functions in the processes of growing and vegetation. Each element
is irreplaceable; therefore the deficiency of one of the elements cannot be compensated by
another element.

The light in the plants is absorbed by pigments. During the photosynthesis the ability of
the pigments’ molecules to transfer the energy, when exited by light, to other molecules has
significant importance, because the energy, which is absorbed from the waves of a light is
transformed into chemical energy and is used for the assimilation of carbon dioxide. When the
molecules of these points are exited the energy of the light quant is transformed into chemical
energy and is used for the assimilation of carbon dioxide.

There are a few hundreds of pigments of different colours in the plants. According to
the chemical content and structure, pigments are divided into four groups: chlorophylls,
carotenoids, phycobilins and flavonoids. The chlorophylls, carotenoids, and phycobilins are

used for photosynthesis.

Background art

Most spectrophotometric methods for evaluation of growth conditions of plants are
based on their fluorescent emission. The fluorescent emission occurs after the irradiation of a
plant with visible white light of the wavelength ranging from 400 to 650 nm. During the
fluorescent emission in the dark the plant emits infrared light with the wavelength components
of 690 nm and 740 nm. The emission of components of said wavelength of light shows the

ability of a plant to synthesise chlorophyll as well as reflects the amount of water (biomass
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index) and nitrogen in it. Moreover, mainly nitrogen is needed for the synthesis of chlorophyll
in the plants.

The following inventions are based on said effect:

DE10148737 relates to the method of estimation of biophysical parameters in the
leaves of a plant. The method is based on the irradiation of leaves by using a xenon flash lamp
and subsequent spectral analysis of the reflected visible and infrared light. The reflected light is
transmitted through the optic filters which are adjusted for different wavelengths of the light.
Different wavelengths of the split light are detected with separate light detectors.

US2005072935 relates to the portative device for diagnostics of plants’ growth. The
device is based on the irradiation of a plant with light having the wavelength spectrum from
400 nm to 650 nm by using an array of the light emitting diodes (LED) and the spectral
analysis of fluorescent emission of the plant. The efficiency of the photosynthesis is
determined according to the levels of the received light components of wavelength of 690 nm
and 740 nm.

WO 99/35485 describes that the dominant wavelength of components of light of
fluorescent emission are of 700 nm and 840 nm. WO 99/35485 also describes the system of
optic lenses with optic filters used for filtering of components of the emitted light and an
electronic device used for the detection and evaluation of the intensity of these components of
light. The device estimates the amount of the chlorophyll in the plant according to the
measured levels of components of light.

The amount of chlorophyll in the plant can be also estimated by analysing the spectrum
of the light that is reflected from or has passed through the leaves.

The patent DE10002880 relates to the system for diagnostics of the growth parameters
of plants based on the irradiation of their leaves with the passive (daylight) or active (LED or
laser light of different wavelengths) light, the analysis of the spectrum of the reflected light and
emitted fluorescent light and subsequent data transmission (by internet). The diagnostics and
data transmission is performed in a GPS equipped vehicle which is passing through the fields
and performs the diagnoses of growth of the plants growing in different places on the fields.
The leaf surface index, the amount of chlorophyll and water in the plants are determined by
analysing the spectrum of the reflected light and emitted fluorescent light.

JP2006250827 relates to a device for determining the growth conditions of rice crops.

The operation of the device is based on the spectral analysis of the digital images of the plants
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in the fields, taken from an airplane or a satellite. By analysing the components B16 and B17
of the spectra of the said images it is possible to evaluate the amount of proteins in the plants
(rise). The methods of multi-regression are applied for the analysis of the photo images.

US6567537 relates to the plants’ diagnostics system based on the analysis of the
images of the plants taken with digital cameras. The analysis of the digital images at the
wavelength of 550 nm represents the amount of light reflected by chlorophyll, at the
wavelength of 680 nm - the amount of light absorbed by chlorophyll and the analysis at the
wavelength of 770 nm represents the index of biomass of a plant (biomass index represents
amount of water contained in a plant).

WO02009007269 relates to the portable device designed for the evaluation of water
amount in the plants. The operation of the device is based on irradiation of plants by light from
two LEDs. One LED has the wavelength of the light which is attenuated by the amount of
water in the plant. The second LED has the wavelength of the light which is not attenuated by
the amount of water in the plant. The amount of water in the plants is determined according to
the levels of the detected components of spectrum of light after the light passes through the
leaves. Only two LEDs with the fixed wavelengths are used.

All the methods and devices mentioned above are capable of reflecting the capabilities
of plants to synthesize chlorophyll or showing the amount of water (biomass) in the plant, but
none of these methods allows to determine the lack of particular chemical elements in plants.

The invention described in the patent US6683970 is the nearest prototype to our
invention. The patent US6683970 relates to the method and the device for diagnostics of the
crops. The device is based on the spectrum analysis of the digital images of daylight reflected
from the crops. The spectrum of the reflected light is analysed from the images of the whole
field of plants taken at various angles. The optical filters for filtering the light of the fixed
wavelengths (450, 550, 625, 650, 675, 700 nm for visible light and 750, 850, 950-1300 nm for
infrared light) are interchanged by rotating them around for separation of different components
of spectrum of the reflected light. The amount of nitrogen in crops is determined according to
the spectra of the reflected light at different places of the fields. The patent US6683970 also
relates to the portable device for determining the quantity of nitrogen in the leaves of plants
according to the spectral analysis of the light reflected from the leaves. The LEDs are used as
the light sources of different wavelengths. Used together with the optical filters for visible and

infrared light they form light spectrum of the wavelenghts from 550 nm to 1100 nm. However,
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the patent US6683970 relates to the method which allows us to determine only one chemical

element (nitrogen) needed for the plant.

Background of the invention

Each chemical element influences the intensity of pigments’ activity in the plant in
different ways. The aim of the invention is related to the estimation of the deficiency of main
chemical elements (Fe, B, Mn, Zn, Cu, Mo) in the plant during the period of vegetation.

Each of said chemical elements is associated with different mobility. The plant
compensates the deficiency of each chemical component in different manner. Some elements
are transferred from older leaves to younger ones according to the plant’s needs; other
elements are transferred partially or they are left in the old leaves. Young leaves grow and
develops during the process of vegetation. Such young leafs are characterized by lighter colour.
The processes of photosynthesis have higher intensity in older and already developed leaves
than in youngest leaf. During the photosynthesis energy produced in the leaves is transferred to
a plant. Such leaves are of a darker colour. The difference between younger and older leaves is
associated with different processes occurring in these leaves, therefore the amount of micro-
and macro- elements are assimilated differently. Also, the processes of photosynthesis are of
different intensity. The spectrum of light from young and old leaves will also be different.

The growing conditions of the plant can be evaluated according to the colours of their
leaves. After irradiating leaves with visible or infrared light the light will be reflected and the
spectrum of the reflected light can be used to characterise the colour of the leaves and to
evaluate the growth conditions of a plant.

The spectrum of light reflected from a healthy plant (growth period was abundant of all
necessary micro- and macro- elements) and the plant with the deficiency of micro- and macro-
elements during the growth period will be different.

A different spectrum will be obtained for the light reflected by different leaves of the
same plant (for example, the plant of wheat has 6 leaves). The youngest leaf of healthy summer
wheat is of light green colour, because the intensity of photosynthesis in this leaf is low. An
older leaf, where the intensity of photosynthesis is higher, is of a darker green colour. The
spectrum of the reflected light from these leaves will be different. The activity and density of
the pigments in the leaves will be different with each leave, if they were provided with

different amount of micro- and macro- elements during their development. Herewith, the
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differences in the spectra of the reflected light of the leaves that grew with the deficiency of
any mentioned elements will be smaller than the differences in the spectra of the reflected light
of a healthy plant.
According to the spectra of the reflected light from younger and older leaves and the
difference between these spectra it is possible to diagnose the conditions of growth of a plant
and to determine the chemical elements needed for the vegetation of a plant. Timely diagnoses
of deprivation of specific micro- and macro- elements can help to provide the necessary
elements to improve the growth conditions of plants (i.e. to fertilize the plants with necessary
elements).
This invention relates to the method of diagnostics of the growth conditions of a plant,
comprising means of irradiation of the leaves of a plant with visible or infrared light and the
analysis of the light reflected from different leaves. The new features in the invention are as
follows:
- for the analysis of the intensity of the light reflected from the leaves, at least
two leaves of different age are used. The difference between the intensities as
a function of the wavelength is analysed;

- the differences between the two leaves of different age are compared between
a healthy plant (a reference plant which grew in optimal conditions) and the
tested plant;

- the diagnosis of the deficiency of chemical elements is performed according

to the differences of the measured spectra.
During the measurements, the leaf is placed in a dark chamber and is irradiated with an LED
light sources. The light from an LED is guided to a leaf by using optical fibers. The reference
plant and the plant under the testing can be wheat, rye, barley, rape and other agricultural
plants.

The device intended for use in method of diagnostics of the growth conditions of a
plant contains a chamber for placement of a leaf, LED for irradiation of a leaf, photodetectors
for the detection of light, an amplifier, an analog-to-digital converter and a microcontroller for
data processing and storage. The proposed device is characterized by having at least two dark
chambers for placement of leaves; at least two LEDs with an electronic control circuits for
each chamber; at least two photodetectors for the detection of the light reflected from the

leaves, and one microcontroller which is capable of performing the measurements of the
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spectra differences of the reflected light from the leaves placed in at least two different
chambers.

The light guide is used for guiding the LED light to the leaves. For the expansion of the range
of the light spectrum, light from an additional infrared LED and an RGBA (red-green-blue-
amber) LED are mixed using an additional lens. According to this invention the most desirable
configuration of said device contains four dark chambers for placement of leaves, four LEDs
with the electronic control circuits, four photodetectors for detection of the light reflected from
the leaves. The device according to this invention is calibrated by using reference sheets of

paper of black and white colour.

Brief description of the drawings

Fig. 1 is a numbering of leaves of summer wheat;

Fig. 2 is a block diagram of the diagnostic device in accordance with the invention (first
embodiment);

Fig. 3 is block diagram of the diagnostic device in accordance with the invention
(second embodiment);

Fig. 4 is a block diagram of the diagnostic device in accordance with the invention
(third embodiment);

Fig. 5 is a plot of the differences between the spectra of the light reflected from the
youngest 1A and older 1B leaves of summer wheat which grew under optimal conditions;

Fig. 6A is a plot of the differences between the spectra of the light reflected from the
leaves of summer wheat which grew under optimal conditions and with the deficiency of iron
(Fe). The dotted line is a spectrum difference of youngest leaves 1A. The solid line is the
spectrum difference of older leaves 1B;

Fig. 6B is a plot of the differences between the spectra of the light reflected from the
youngest 1A and older 1B leaves of summer wheat which grew with the deficiency of iron (Fe)

(dotted line) and under optimal conditions (solid line) ;

Fig. 7A is a plot of the differences between the spectra of the light reflected from the
leaves of summer wheat which grew under optimal conditions and with the deficiency of boron
(B). The dotted line is a spectrum difference of youngest leaves 1A. The solid line is the

spectrum difference of older leaves 1B;
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Fig. 7B is a plot of the differences between the spectra of the light reflected from the
youngest 1A and older 1B leaves of summer wheat which grew with the deficiency of boron
(B) (dotted line) and under optimal conditions (solid line) ;

Fig. 8A is a plot of the differences between the spectra of the light reflected from the
leaves of summer wheat which grew under optimal conditions and with the deficiency of
manganese (Mn). The dotted line is a spectrum difference of youngest leaves 1A. The solid
line is the spectrum difference of older leaves 1B;

Fig. 8B is a plot of the differences between the spectra of the light reflected from the
youngest 1A and older 1B leaves of summer wheat which grew with the deficiency of
manganese (Mn) (dotted line) and under optimal conditions (solid line) ;

Fig. 9A is a plot of the differences between the spectra of the light reflected from the
leaves of summer wheat which grew under optimal conditions and with the deficiency of zinc
(Zn). The dotted line is a spectrum difference of youngest leaves 1A. The solid line is the
spectrum difference of older leaves 1B;

Fig. 9B is a plot of the differences between the spectra of the light reflected from the
youngest 1A and older 1B leaves of summer wheat which grew with the deficiency of zinc
(Zn) (dotted line) and under optimal conditions (solid line) ;

Fig. 10A is a plot of the differences between the spectra of the light reflected from the
leaves of summer wheat which grew under optimal conditions and with the deficiency copper
(Cu). The dotted line is a spectrum difference of youngest leaves 1A. The solid line is the
spectrum difference of older leaves 1B;

Fig. 10B is a plot of the differences between the spectra of the light reflected from the
youngest 1A and older 1B leaves of summer wheat which grew with the deficiency of copper
(Cu) (dotted line) and under optimal conditions (solid line) ;

Fig. 11A is a plot of the differences between the spectra of the light reflected from the
leaves of summer wheat which grew under optimal conditions and with the deficiency
molybdenum (Mo). The dotted line is a spectrum difference of youngest leaves 1A. The solid
line is the spectrum difference of older leaves 1B;

Fig. 11B is a plot of the differences between the spectra of the light reflected from the
youngest 1A and older 1B leaves of summer wheat which grew with the deficiency of

molybdenum (Mo) (dotted line) and under optimal conditions (solid line) ;
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Summary of the invention

The block diagram of the diagnostic device in accordance with the invention is
presented in Fig 2.

The operation of the device is based on the following procedures:

The youngest and older leaves 1A and 1B are irradiated by light from an RGB or
RGBA LED diodes 4 (composed of three (Red-green-blue) or four (Red-green-blue-amber)
colours of an LED sources). The wavelength of the irradiated light is changed from 400 nm to
1100 nm by driving the LEDs via electronic circuit 6 (current amplifiers). The range of RGBA
LED wavelength can be 460 — 700 nm. Additional LEDs of fixed infrared and ultraviolet
wavelength are used for light spectrum expansion from nm up to 1100 nm.

The lights from RGBA and infrared LEDs are guided through the flexible light guides 3
(for example - fiber optics) to the dark chambers 2 where the leaves 1A and 1B are positioned
(two separate chambers for each leaf). The diameter of light guide 3 is from 1 mm to 5 mm.
The outer surface of the light guide is covered with a dark light absorbing material (or light
reflecting material from inside) for better light propagation within the light guide.

The light reflected from each leaf goes through the receiving light guide 3 and is
received by photodetectors 7.

The light signal is converted into an electrical signal by photodetectors 7 and then sent
to the differential amplifier 8. The output signal from the differential amplifier 8 is converted
into a digital signal in an analog-to-digital converter 9 for further processing in the
microcontroller 10. The microcontroller 10 controls the process of measurement and performs
the measurements of the differential spectrum.

The difference of the measured spectra of the reflected light is expressed by the formula:

U @) =k @) [I1 () - I (A)] + AU (0),

here I; and I, are intensities of the reflected light;

k is the transfer coefficient (gain) of the amplifier, the light guide and the LED sources
(dependant on the wavelength)

Aj is the wavelength of the light;

AU(A) is an additive error of measurements caused by zero drift of the amplifier and by

differences between the measurement channels of first and second leaves.
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The measurements are performed by changing the colour of an LED from A = 400 nm
to A =1100 nm in discrete steps. The difference 1, (A;) - I (A) is measured at each fixed value
of the wavelength of the light.

k is the transfer coefficient (gain) of the amplifier, the light guide and LED sources
(depends on the wavelength). The function k (A;) is obtained by calibrating the measurement
system with a white sheet of paper. The additive error AU (A;) due to zero drift of the amplifier
and differences between the measurement channels is obtained by calibrating the system with a
black sheet of paper.

The microcontroller 10 performs the measurement of the spectrum difference AI(X) =
Ii(A) - (X) and transfers the results of the diagnosis of the plant to the display 12 or the
computer 11.

The simplified embodiment of the device for plants’ diagnosis is presented in Fig 3.
The RGBA and an infrared LED source 4 with a lens 5 for mixing the light are used in the
device. Light from the light source is guided to both dark chambers 2 in the flexible light
guides 3. The advantage of such an embodiment of the device is less components (light
sources).

The embodiments of the device presented in Fig. 2 and Fig. 3 allow us to perform
simultaneous measurements of the spectra difference of the light reflected from youngest and
older leaves. For the complete diagnosis of the growth phases of a plant the device can be
equipped with up to 4 measuring channels. It would expand the capability of the device to
perform measurements of spectra differences of various leaves:

- between the youngest leaf 1A and older leaf 1B,

- between the youngest leaf 1A and older leaf 1C,

- between the youngest leaf 1A and older leaf 1D,

- between the older leaf 1B and older leaf 1C,

- between the older leaf 1B and older leaf 1D,

- between the older leaf 1C and older leaf 1D,

In the case of summer wheat, here: 1A is a youngest leaf, 1B is an older leaf, emerged 7
days earlier than 1A; 1C is an older leaf, emerged 14 days earlier than 1A; 1D is the oldest leaf,
emerged 21 days earlier than 1A (in the case of summer wheat, a new leaf emerges every 7

days).
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The measurement of the spectra differences of the light of different leaves would allow
us to determine in which leaves the effective processes of photosynthesis takes place (fully
developed leaves) and in which leaves photosynthesis is not fully functioning (due to the
deficiency of micro- and macro- elements or not finished vegetation in younger leaves).

The embodiment of the plant diagnostic device which is capable of performing the
measurements of spectra differences between different leaves is presented in Fig. 4. The light
from an RGBA and an infrared LED source 4 is mixed in the device by using the lens 5. The
light from the source is guided to four dark chambers 2 in the flexible light guides 3. In each
chamber the four leaves (a leaf per chamber) 1A, 1B, 1C and 1D of the same plant are
irradiated. The signals of reflected light from different leaves are fed to differential amplifiers 8
and subsequently to analog-to-digital converters 9. The microcontroller 10 performs the
measurement of spectra difference and outputs the results of the plant diagnosis to the display
12 or the computer 11.

The advantage of such embodiment of the device is the capability to get full
information about the efficiency of the processes of photosynthesis and vegetation for each
leaf.

Experimental results

The experimental studies showed that the intensities of the reflected light spectra I,(A),
I(A) and the difference I;(}) - I(A) of a healthy plant, as a function of wavelength of
reflected light, are typical for one type of the plant (for summer wheat). The spectra I;(A), I,(A)
of the light reflected from a healthy plant (which grew with the provision of all needed micro-
and macro- elements) and the plant with the deficiency of micro- and macro- elements (Mn,
Fe, Cu, Zn, Mo, B) were different. Also, the difference of the spectra of the light reflected
from the youngest 1A leaf and the older 1B leaf were different for the healthy plant and for the
plant which grew with the deficiency of micro- and macro- elements.

The results of experimental studies are shown in Figs. 5-11.
The results show that for a healthy the spectra differences of the light reflected from the
youngest 1A leaf and the older 1B leaf is highest within the whole range of the light spectrum.
In the cases when the deficiency of the chemical element was artificially induced during the

experimentation, the difference of the spectra of the light reflected from the youngest 1A leaf
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and the older 1B leaf were smaller. Moreover, said difference had distinctive characteristics
depending on the deficiency of a particular chemical element.

Figs. 5A, 6A, 7A, 8A, 9A, 10A and 11A show the spectra differences of the light
reflected from the 1A and 1B leaves of summer wheat which grew with the deficiency of
particular micro- and macro- elements and the summer wheat which grew in optimal
conditions. These plots illustrate that differential spectra provide diagnostic information and
are characterized by futures of individual functions for each case of the deficiency of micro-
and macro- elements. These measurements can be done by means of the device presented in
Fig. 4.

The experimental studies presented in Figs. 5-11 were performed by using the
spectrophotometer Lambda 35. The samples of summer wheat used for this study grew in a
laboratory conditions in the receptacles. The samples of summer wheat grew in different
conditions:

- optimal conditions with the provision of all micro- and macro- elements;

- growing with the deficiency of iron, but with a full provision of all other micro- and
macro- elements;

- growing with the deficiency of boron, but with a full provision of all other micro and
macro elements;

- growing with the deficiency of manganese, but with a full provision of all other micro
and macro elements;

- growing with the deficiency of zinc, but with a full provision of all other micro and
macro elements;

- growing with the deficiency of copper, but with a full provision of all other micro and
macro elements;

- growing with the deficiency of molybdenum, but with a full provision of all other

micro and macro elements.

Industrial application
The new method and the device for diagnostics of plants according to the invention is
based on the measuring the differences between the spectra of the light reflected from the

leaves of a plant. Such a method was not mentioned in other patents. The spectra of the light
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reflected from leaves depend on the pigments which are influenced by the chemical elements
accumulated in a plant during the period of its growth.

In the case of the deficiency of particular chemical element, the amount of that element
will be different in an earlier developed and just developing leaves. The plant compensates the
deficiency of each chemical component in a different manner: by transferring some missing
elements from older leaves to younger ones. However, some elements are transferred partially
or they are left in the old leaves. Therefore, the chemical contents in younger and older leaves,
as well as the spectra of the reflected light from these leaves are different.

The method and the device according to the invention is capable of performing the
measurements of the spectra differences of the light reflected from different leaves:

- between the older and younger leaves of the same plant (by comparing the differences
between 4 leaves simultaneously). It would allow us to evaluate which leaves are still
under vegetation, and which leaves produce chlorophyll, and how effectively the
chlorophyll is synthesized.

- to compare the leaves of the plant under testing with the healthy plant. The comparison
is available between the youngest leaves (1A) which are under development of
pigments and the older leaves (1B, 1C, 1D) which already started to synthesize
chlorophylls.

- the results of the measurement of the spectrum of the light of a healthy plant can be
recorded into the memory of the device (or transferred to a computer) and used as a
reference spectrum data for further measurements.

The technical advantage of the new method is the possibility to minimize the instrumental
errors (due to the differences of some futures of the measurement channels and their drift, and
the non-uniformity of the amplitudes of the spectra of the light of the light guides) by
implementing the measurement of the spectrum difference. For full minimisation of these
instrumental errors, the calibration of the zero drift and difference of some futures of the
measurement channels is performed by using black and white sheets of paper.

According to the invention other essential properties related to the design of the device
are as follows:

e One RGBA LED together with an additional infrared LED and ultraviolet LED
are used for expanding the range of measurement of the light spectrum up to

1100 nm. By driving LEDs with the electronic circuits it is possible to form the
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light spectrum from 400 nm up to 1100 nm. It simplifies the design of the
device, because only few (up to 3) diodes are used.

Compared to other inventions, it is not necessary to use an LED array
comprising a high number of LEDs (usually >3) with a different wavelengths of
light, and to mechanically change the optical filters (no moving parts). The lens
5 is used for additional mixing of light from RGBA, infrared and ultraviolet
LEDs.

e The light, emitted from the light sources (to the leaves) and the light reflected
from the leaves (to the photodetectors) are guided by means of the flexible
optical guides (for example - fiber optics). Such implementation minimises
direct (parasitic) light propagation from the light sources to the photodetectors.
The light guide receiving the light reflected from the leaf is positioned to avoid
the incident light emitted from the irradiating light guide. The chamber for a leaf
placement has the inner black walls which absorb the irradiated light. The
chamber is optically isolated from any external light source. The application of
the flexible light tubes allows guiding of the light from one light source to a few
measurement chambers. It allows us to implement simultaneous measurement of
the light reflected from at least two leaves and to calculate the spectra difference

of the light.
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CLAIMS

1. A method for the diagnostics of the growth conditions of a plant, comprising the
means for irradiation of a leaf by visible or infrared light, the light spectrum analysis,
changing the wavelength of the light, characterized in that at least two leaves of
different age are taken for analysis of the spectra of the light reflected from said at least
two leaves;

difference between the spectra of light as a function of the wavelength is calculated;
spectra differences of reflected light from the leaves of different age of a plant under
testing are compared to the spectra differences of reflected light from the leaves of
different age of a reference plant which grew in optimal conditions;

according to the measured spectra differences deficiency of the chemical elements that

occurred during the vegetation period is determined.

2. The method for the diagnostics of the growth conditions of a plant according to claim 1,
characterised in that the light emitted from a light emitting diode is guided to the leaf
of a plant by using the light guides.

3. The device for the diagnostics of the growth conditions of a plant, comprising the
chamber for placing the leaf for testing, the light emitting diode for irradiation of the
leaf of a plant, the photodetector for light detection, the amplifier, the analog-to-digital
converter and the microcontroller for data processing and storage, characterized in
that said device comprises at least two dark chambers for the placement of the leaves
of a plant; at least two light emitting diodes with electronic control circuits for each
chamber; at least two photodetectors for detection of the light reflected from the leaves;
the microcontroller having the capability to perform the measurements of the
differences of the spectra of the light reflected from leaves which are placed in at least

two separate chambers.
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4. The device for the diagnostics of the growth conditions of a plant according to claim 3,
characterized in that the light emitted from a light emitting diode is guided to the leaf
of a plant by using the light guides.

5. The device for the diagnostics of the growth conditions of a plant according to claims 3
and 4, characterized in that the optical lens is used for mixing of the light emitted

from the visible and the infrared light sources.

6. The device for the diagnostics of the growth conditions of a plant according to any of
the claims 3-5, characterised in that the device comprises four dark chambers for the
placement of the leaves for testing and four light emitting diodes with an electronic
control circuits for each chamber and also four photodetectors for detection of the light

reflected from the leaves.

7. The device for the diagnostics of the growth conditions of a plant according to any of
the claims 3-6, characterised in that said device is calibrated by means of white and

black sheets of reference papers
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