
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

78
8 

85
9

B
1

TEPZZ_788859B_T
(11) EP 1 788 859 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
19.03.2014 Bulletin 2014/12

(21) Application number: 05789601.1

(22) Date of filing: 08.09.2005

(51) Int Cl.:
A01G 9/00 (2006.01) A01G 31/00 (2006.01)

A01G 1/00 (2006.01)

(86) International application number: 
PCT/EP2005/054466

(87) International publication number: 
WO 2006/029987 (23.03.2006 Gazette 2006/12)

(54) ROOT EVALUATION

WURZELBEURTEILUNG

EVALUATION DE LA CROISSANCE D’UNE RACINE

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU LV MC NL PL PT RO SE SI 
SK TR

(30) Priority: 16.09.2004 EP 04104496

(43) Date of publication of application: 
30.05.2007 Bulletin 2007/22

(73) Proprietor: CropDesign N.V.
9052 Zwijnaarde-Gent (BE)

(72) Inventors:  
• LEJEUNE, Pierre

B-4140 Dolembreux (BE)
• BROEKAERT, Willem

B-1700 Dilbeek (BE)
• LEYNS, Frederik

B-9860 Oosterzele (BE)

• DHONT, Frederik
B-9800 Deinze (BE)

(74) Representative: Mistry, Meeta et al
BASF SE 
Global Intellectual Property 
GVX - C6
67056 Ludwigshafen (DE)

(56) References cited:  
EP-A- 0 919 492 EP-A- 1 433 377
DE-A1- 3 906 215 DE-A1- 4 200 001
DE-A1- 19 920 920 GB-A- 2 197 574
GB-A- 2 305 839  

• PATENT ABSTRACTS OF JAPAN vol. 1998, no. 
11, 30 September 1998 (1998-09-30) & JP 10 
155366 A (TOSHIBA ENG & CONSTR CO LTD), 16 
June 1998 (1998-06-16)



EP 1 788 859 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates generally to the
field of plant breeding and concerns a method for eval-
uating plant roots by growing plants in a substantially
transparent container charged with a particulate, non-
transparent growing medium and evaluating plant roots
through the substantially transparent container by digital
imaging. The invention also provides apparatus for eval-
uating plant roots, which apparatus is particularly suitable
for evaluating, in a high throughput fashion, the roots of
plants growing in a greenhouse.
[0002] Plant breeding starts in essence with the crea-
tion of genotypic variation among plants of a given spe-
cies. The creation of genotypic variation relies on the
production of genetic alterations that can be obtained by
various techniques including recombination through
classical crossing, chemical mutagenesis, radiation-in-
duced mutation, somatic hybridisation, inter-specific
crossing and genetic engineering. Following the creation
of genotypic variation, selection of those genotypes hav-
ing the most desirable agronomic phenotypes is per-
formed. For example, plants may be selected for certain
root phenotypes.
[0003] Despite the great importance of roots to the
overall survivability of a plant, the evaluation of root sys-
tems, particularly that of mature root systems, is often
hindered by technical limitations. In a field setting, a tra-
ditional method for evaluating root systems involves ex-
cavating the roots from the soil before performing any
measurements; this means that evaluation may take
place only once for any given plant. Furthermore, varia-
tion over short distances in the soil (due to, for example,
soil composition, physical properties of the soil, availa-
bility of nutrients or the presence of microbial soil inhab-
itants) may also hinder root evaluation in a field setting.
[0004] Several methods are available for the non-de-
structive measurement of roots. One such method relies
on the use of electrical capacitance which involves in-
serting electrodes in the plant (preferably the stem) and
the substrate. This allows measurement of the electrical
properties of the contact surface between the roots and
the substrate, and from this the root mass is deduced.
There are however disadvantages to this technique. For
example: i) reliability is low due to difficulties associated
with calibration (for example, varying water content of
the substrate); ii) insertion of the electrode into the stem
is difficult to automate, especially in plants with many
stems (this applies to most cereals, for example wheat
and rice); iii) the only information generated using this
technique is an indication of root mass.
[0005] Another method for measuring roots in a non-
destructive manner involves the use of X-rays or nuclear
magnetic resonance (NMR), however these techniques
can be extremely slow and expensive and are therefore
generally not suitable for use where a high throughput is
required.
[0006] A further method for measuring roots in a non-

destructive manner involves the use of a ground-pene-
trating radar, however the low resolution associated with
use of this technique makes the results difficult to inter-
pret.
[0007] Although plant breeders are generally aware of
the importance of root systems, the shortcomings asso-
ciated with traditional methods for evaluating root sys-
tems means that plant breeders tend to focus their atten-
tion on the aboveground parts of plants, with little if any
attention being paid to belowground parts. Much of the
current knowledge of root function has been gained from
studies of seedlings or inferred from observations to the
plant canopy and soil profile
[0008] The ability to evaluate plant roots without the
disadvantages of the prior art would enable plant breed-
ers to gain knowledge of, for example, the profile of an
optimal root system and how it should be proportioned
with respect to the rest of the plant. It would also be useful
for breeders to understand what the most efficient root
architecture for a given set of environmental conditions
would be. For example, it is widely believed that plants
with a more developed root system should have higher
resistance to drought stress. However, many questions
remain, such as the degree of development required,
whether there are any penalties to the rest of the plant
as a consequence of having a more developed root sys-
tem and the optimum ratio of root to leaf area. The ability
to evaluate plant roots without the disadvantages of the
prior art would enable plant breeders to answer these
and other such questions.
[0009] Published patent application GB-A-2197574
describes plant pots formed from at least partly transpar-
ent or translucent material in order to enable the root
structure and/or moisture content to be ascertained by
visual inspection. The base only may be transparent and
may be detachable by movement through the body to
facilitate ejection of the content of the pots.
[0010] Published patent application EP-A-1433377
describes apparatus for use in conjunction with a con-
tainer in which a plant is growing and having associated
with it a device for receiving an enquiry signal and auto-
matically responding by transmitting a unique identifier
signal. The plants in containers are moved along moving
belts to a workstation where certain actions may be per-
formed on the plants. The digital output from the device
is supplied and stored in a Computer database for ma-
nipulation of the data to compare data obtained from the
different plant.
[0011] Published European patent application
EP0919492 describes apparatus for rotating objects, for
example plants pots. The rotating objects may be mon-
itored using a video camera which may be arranged to
capture a continuous image of the rotating object or to
capture a limited number of images of the rotating plant.
The images are fed into a computer for analysis.
[0012] It is therefore an object of the present invention
to provide means to measure plant roots phenotypes ac-
cording to claims 1 and 3, and which alleviate some of
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the aforementioned problems.
[0013] Therefore, according to the present invention,
there is provided a method for evaluating plant roots,
comprising (i) growing a plant in a substantially transpar-
ent container charged with a particulate, non-transparent
growing medium; and (ii) evaluating the plant roots
through the substantially transparent container by digital
imaging.
[0014] The substantially transparent container may be
a pot, tray, or the like. Preferably, the container is a clas-
sical plant pot moulded of transparent material, such as
a suitable plastics material. It is preferred to have one
plant per pot. The transparent material preferably con-
tains a (green) pigment to absorb substantially all wave-
lengths of light except those between 500 and 600 nan-
ometres. This serves to suppress the light avoidance re-
sponse of the roots and to avoid algal growth on the inner
walls of the pots. In use, plant roots may be seen against
the walls of the container. The container may consist sub-
stantially entirely of transparent material or may have on-
ly a transparent bottom.
[0015] The particulate, non-transparent growing medi-
um may be any soil-like substrate (for example soil, com-
post, peat, sand, or the like, or a combination thereof).
The use of a defined substrate such as potting soil or
rock wool may further reduce variations caused by the
heterogeneity of the soil. Furthermore, the growing of
greenhouse plants on a defined substrate allows the
amount of water and nutrients to be given to the plants
to be controlled.
[0016] According to the method of the invention, plant
roots are evaluated by digital imaging, which facilitates
the handling of large samples (of the order of say up to
several tens of thousands). It is preferred that plants are
evaluated in an automated fashion using at least one
camera. The plants may be presented (sequentially) to
fixed camera(s), or the camera(s) may be moveable to
plants in a fixed spot. According to a preferred aspect of
the present invention, the plants are retrieved (for exam-
ple from a location in the greenhouse or elsewhere) and
the substantially transparent containers in which the
plants are placed are presented sequentially to a camera
arranged to record images of the roots. The plants are
then returned to their original location, or to another lo-
cation, all substantially without human intervention.
There may be some degree of human intervention in the
step of selecting the plant or series of plants for evalua-
tion, but this may also be computerised. In a preferred
process, a minimum of 500 plants per hour may be eval-
uated.
[0017] According to a second aspect of the present
invention there is provided an apparatus for evaluating
plant roots, comprising:

(i) a transporter means for movement of plants in
substantially transparent containers charged with
particulate, non-transparent growing medium; and
(ii) at least one camera; and optionally

(iii) a mechanical system for presenting the substan-
tially transparent container to the at least one cam-
era; and
(iv) algorithms for measuring root traits.

[0018] The transporter means is preferably a moving
belt. An alternative embodiment may also be envisaged
in which the at least one camera is moveable so as to
record images of plants in a fixed spot. There is therefore
provided apparatus for evaluating the roots of plants in
substantially transparent containers charged with partic-
ulate, non-transparent growing medium, which appara-
tus comprises at least one movable camera arranged to
record images of plant roots through said substantially
transparent container.
[0019] Automated evaluation may further be aided by
having several plants, or each plant, carry a unique iden-
tifier allowing information concerning those individual
plants to be linked to their unique identifier in a computer.
Preferably, the identifier is a transponder, but any other
suitable identifier such as a barcode may be used. Infor-
mation may be collected and stored concerning the plant
species, the cultivar, parental information, presence/ab-
sence of a transgene, sowing date, root measurements
(with a date stamp) and any other measurements or ob-
servations made on parts of the plant other than the roots,
also with a date stamp. The information stored in a com-
puter may be retrieved by appropriate software. A statis-
tical analysis may be made to identify plants with differing
root characteristics and to identify interesting traits.
[0020] Examples of interesting traits include: (i) in-
creased root growth rate (this is useful to know since
cultivars having rapidly developing root systems are
more efficient at taking up water, minerals and other nu-
trients during the critical early stages in the plant life cycle
and in case of water shortage); (ii) increased root length
and thickness (longer, thicker roots have a higher capac-
ity to penetrate hard substrates and provide better adap-
tation to compacted soil, especially in case of water short-
age); (iii) increased root branching (highly branched root
systems have a higher potential for efficient exploration
of the soil layers); (iv) improved anchorage (root lodging
reduces crop quality and yields; plants with sturdier root
systems are less sensitive to root lodging).
[0021] The method of the invention may be performed
on any plant. Preferred plants are cereals, such as rice,
wheat, and corn.
[0022] The method of the invention is particularly suit-
ed to the breeding of plants in a greenhouse, the advan-
tage being that plants are grown on a defined substrate,
so that the amount of water and nutrients given to the
plants can be controlled. The method of the invention is
also particularly suited where a high throughput is re-
quired.
[0023] Preferably also, plants are selected for further
breeding or for commercial use by comparing the phe-
notype characteristics of the plants.
[0024] The word "comprising" where used herein is in-
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tended to encompass the notion of "including" and the
notion of "consisting essentially of".
[0025] The present invention will now be described
with reference to the following drawings in which:

Figure 1 is a diagrammatic representation (top view)
of the apparatus according to a first embodiment of
the invention.

Figure 2 is a diagrammatic representation (side
view) of the apparatus according to a first embodi-
ment of the invention.

Figure 3 is a diagrammatic representation (top view)
of the apparatus according to a second embodiment
of the invention.

Figure 4 is a diagrammatic representation (elevated
side view) of the apparatus according to a second
embodiment of the invention.

Figure 5 is a diagrammatic representation of the ap-
paratus according to a third embodiment of the in-
vention.

[0026] Each of Figures 1 to 4 is made up of three draw-
ings in which the process of imaging plant roots is illus-
trated starting from the left hand drawing which shows
the apparatus before imaging; the middle drawing which
shows elements of the apparatus during imaging; and
the drawing on the right hand side which shows elements
of the apparatus after completion of imaging. The arrows
indicate the direction of the movement of the mobile el-
ements.
[0027] In order that the invention may become dearer
there now follows a description to illustrate the invention
by way of example and to be read with the accompanying
drawings.

The first embodiment of the apparatus according to 
the invention comprises:

[0028] A first transporter means (1), by which the plants
in transparent pots are supported and moved to the sta-
tion where images of the roots are recorded. Preferably,
the transporter means is a moving belt. Containers (2)
are plant pots in which one or more plants is growing in
a medium selected for the purpose. The pots are of a
transparent plastic or the like. A rotating plate (3) is
shown, on which the potted plants can be placed and
rotated along a central vertical axis. A first mechanical
device, referred to as "pusher" (4) has the capability to
move the potted plant from the first transporter means
(1) onto rotating plate (3). A camera (5) for recording
pictures from the side surface of the pots is placed hor-
izontally at a suitable distance from the rotating plate (3).
The camera is a "line-scan" type and can output images
in a digital format. Two-dimensional digital pictures are

constituted by stacked lines of pixels, the first dimension
being the length of the lines and the second dimension
the number of lines. One property of line-scan cameras
is that they record single lines of pixels at regular time
intervals and compile them during a specified period of
time. According to this principle, it is possible to record
an image of the surface of a circular object by rotating
the object in front of a line-scan camera. An appropriate
light source (6) placed horizontally at a suitable distance
from the rotating plate (3) so as to illuminate in a uniform
way the side surface of the pot.
A computer (7) is connected to the aforementioned cam-
era and is equipped with appropriate programs for col-
lecting, storing, and analysing the pictures produced by
the camera. Reading means (8) allow reading of the iden-
tifier attached to the plant. Preferably, the identifier is a
transponder, but any other suitable system can be used.
A second transporter means (9) transports the plant pots
to their original location or to another location if desired.
This transporter means is also a moving belt. A second
mechanical device, referred to as "pusher" (10), has the
capability to move the potted plants from the rotating plate
(3) onto the second transporter means (9).
[0029] The process by which the root traits are evalu-
ated in the first illustrative apparatus typically include the
following steps:
[0030] The first transporter means (1) is set in motion
in order to bring a potted plant (2) in front of the rotating
plate (3). The first transporter means (1) is then stopped.
The first pusher (4) is activated and pushes the potted
plant onto the rotating plate (3). Alternatively, the action
of placing the plant on the rotating plate may be per-
formed manually or by a robotic arm with a suitable grip-
per to seize the plant and to move it to a pre-selected
place. The potted plant is turned around in front of the
line-scan camera (5) and the light-source (6) is switched
on. Preferably, the light-source (6) is not switched off
between each plant to ensure a stable illumination at
each cycle of picture acquisition. The line-scan camera
(5) starts recording a picture as soon as the rotating plate
(3) is turning and stops after a complete revolution. The
identifier attached to the potted plant is read by the iden-
tifier reader (8) and sent through a data cable connection
to the computer (7). The camera (5) sends the recorded
picture through a data cable connection to the computer
(7). The identifier of the plant is linked to the image at the
moment the image is stored and analysed. Preferably,
the identifier is incorporated in the name of the image file
when the image file is stored, but any naming system
can be used to name the images, provided that the link
between the identifier and the image name is linked un-
equivocally in a computer database. The root features
are deduced from the picture by means of appropriate
software and the result is stored in a computer database
with a link to the identifier of the plant. The second pusher
(10) pushes the potted plant onto the second transporter
means (9) which is then set in motion to transport the
potted plant. Alternatively, the action of moving the plant

5 6 



EP 1 788 859 B1

5

5

10

15

20

25

30

35

40

45

50

55

back from the rotating plate to the second transporter
means can be performed either manually or by a robotic
arm with a suitable gripper that can seize the plant and
move it to pre-selected places. The above steps are re-
peated until all the plants placed on the first transporter
means have been evaluated.

The second illustrative apparatus comprises:

[0031] A transporter means (21) on which plant pots
are supported and moved to a station where images of
the roots are recorded. Preferably, the transporter means
is a moving belt. Containers (22) in the form of plant pots
in which one or more plants is growing in a medium se-
lected for the purpose. The material of the pots is pref-
erably a transparent plastic or the like. A mechanical de-
vice, referred to as "gripper-arm" (23) that has the capa-
bility to seize the potted plants from the transporter
means (21) and to move them over short distances, for
example between 10 and 50 cm, both horizontally in the
direction perpendicular to the transporter means (21) and
vertically in the direction perpendicular to the ground. A
water-basin (24) with a transparent bottom is provided.
The water-basin can be of any shape, but its length and
width must be at least greater than the diameter of the
pots. Preferably, the height of the water basin should not
exceed the height of the pots. A camera (25) placed be-
low the water-basin (24) records pictures of the bottom
surface of the pots. T Camera (25) outputs images in a
digital format. Appropriate light sources (26) are placed
at a suitable distance below the water-basin (24) so as
to illuminate in a uniform way the bottom surface of the
pot. A computer (27) is connected to the aforementioned
camera, and equipped with the appropriate programs for
collecting, storing, and analysing the pictures produced
by the camera. Means to read the identifier attached to
the plant (28) are provided. Preferably, this is a trans-
ponder, but any other suitable system may be used.
[0032] The process by which the root traits are evalu-
ated in the second illustrative apparatus typically include
the following steps:
[0033] The water basin (24), camera (25), and gripper-
arm (23) are installed at a suitable distance from the
transporter means (21) on which the potted plants (22)
are placed for transportation. The transporter means (21)
is set in motion to bring a plant in front of the water basin
(24). The transporter means (21) is then stopped.
[0034] The gripper arm (23) is activated and seizes the
plant pot placed in front of the water basin (24). The plant
pot is moved by means of the gripper arm (23), first hor-
izontally above the water basin (24), then vertically down-
wards into the water basin (24). Plunging the pot into the
water basin removes dust, soil or condensed water from
the bottom surface of the pot so that image quality is
improved. Preferably, a continuous stream of water is
maintained in the water basin to accelerate the cleaning
process. Alternatively, the action of placing the plant in
the basin may be performed manually. Alternatively, the

water basin may be a part of the transporter means and
the pot may be guided over the basin by means of a
robotic arm and lateral rails. The identifier attached to
the potted plant is read by the identifier reader (28) and
sent through a cable connection to a computer (27). The
camera (25) located under the water basin records an
image of the bottom of the pot. The image is sent through
a cable connection to a computer (27). The identifier of
the plant is linked to the image at the moment the image
is stored and analysed. Preferably, the identifier is written
in the name of the image file when the image file is stored,
but any naming system can be used to name the images,
provided that the link between the identifier and the image
name is linked in a computer database. The root features
are deduced from the picture by means of appropriate
software and the result is stored in a computer database
with a link to the identifier of the plant. The plant pot is
placed back on the transporter means (21) which is set
in motion again in order to bring the next plant in front of
the water basin (24). Alternatively, the action of placing
the plant back on the transporter means can be per-
formed manually. The aforementioned Steps are repeat-
ed until all the plants placed on the transporter means
(21) have been evaluated.

The third illustrative apparatus comprises:

[0035] A holder, or tray, (31), by which the plant pots
are supported and moved to the station where images
of the roots are recorded. Preferably, the holder dimen-
sions should comply with industrial standards such as
the popular "Danish trays". Typically, the holder would
be approx. 50cm long by 30cm wide and 5 to 10 cm high.
The transport and handling of the trays may be performed
using transporter means and robotized mechanical de-
vices that are commercially available for the horticultural
industry. In the present example, such a tray consists of
a plastic frame with 8 circles where pots of 12 cm diameter
can be inserted. The system can be scaled up or down
for use with different species of plants. Containers (32)
in the form of plant pots in which one or more plants is
growing in a medium selected for the purpose. The pots
are of a transparent plastic material or the like. A digital
imaging station comprising an appropriate camera (33)
for recording pictures of the bottom surface of all the pots
in the holder, placed vertically at a suitable distance from
the plane where the pots will be positioned. Preferably,
the camera can output images in a digital format. Appro-
priate light sources (34) placed at a suitable distance
below the plane where the pots will be positioned so as
to illuminate in a uniform way the bottom surface of the
pots. A computer (35), connected to the aforementioned
camera, and equipped with the appropriate programs for
collecting, storing, and analysing the pictures produced
by the camera. In this example, each picture needs to be
divided in sectors corresponding to each individual plant.
In this example, the identification of the individual plants
may be carried out using a readable tag, preferably in
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the form of a "bar code" or even more preferably in the
form of a "matrix code" under the bottom of each individ-
ual pot since transponders may not be suitable for use
with plants in such close proximity to one another. Alter-
natively, the readable tag may used to identify the tray;
in this case, the individual plants on the tray could be
identified by their positions on the tray. Most preferably,
the tag and the glue, or any other mean used to attach
the tag to the bottom of the pot or tray, should be resistant
to water and to mechanical stresses.
[0036] The process by which the root traits are evalu-
ated in the third illustrative apparatus typically include
the following steps:
[0037] The holders (31) supporting the transparent
pots (32) are brought to the imaging station and placed
manually, or using mechanical transport systems avail-
able in the horticultural industry, above the camera (33),
at a suitable distance from the focal plane of the camera.
The camera (33) located under the holder records a pic-
ture of the bottoms of the pots. If a higher resolution is
needed, the camera can record the image of one individ-
ual pot at a time, which requires sequential movements
of the tray or the camera so that for each successive pot
the vertical axis of the pot is made perpendicular to the
focal plane of the camera. Several cameras may be used,
for example one for each pot. The image is sent through
a cable connection to a computer (35). The identifier of
the plant, which is present on the picture is recognized
by means of software and is linked to the image at the
moment the image is stored and analysed. Preferably,
the identifier is written in the name of the image file when
the image file is stored, but any naming system can be
used to name the images, provided that the link between
the identifier and the image name is linked in a computer
database. The root features are deduced from the pic-
ture, by means of appropriate software, and the result is
stored in a computer database with a link to the identifier
of the plant. The holder containing the plants is returned
to its original location, either manually or using mechan-
ical transport systems available in the horticultural indus-
try.

Claims

1. Method for measuring plant root phenotypes, such
as root growth rate, root length, root thickness,
and/or root branching, comprising (i) growing a plant
in a substantially transparent container (2, 22, 32)
charged with a particulate, non-transparent growing
medium comprising soil; (ii) evaluating plant roots
through said transparent container by digital imag-
ing; and (iii) collecting and storing information from
the digital images in a computer (7, 27, 35) and
measuring root traits using algorithms.

2. Method according to claim 1, wherein said transpar-
ent container contains a pigment that absorbs all light

wavelengths except between 500 and 600 nanome-
tres.

3. Apparatus for measuring plant root phenotypes ac-
cording to the method of claim 1, such as root growth
rate, root length, root thickness, and/or root branch-
ing, comprising:

(i) a transporter means for movement of plants
(1, 21), wherein the plants are in substantially
transparent containers (2, 22, 32) charged with
particulate, non-transparent growing medium
comprising soil; and
(ii) at least one camera (5, 25, 33); and optionally
(iii) a mechanical system (3, 4, 23, 31) for pre-
senting the substantially transparent container
to the at least one camera; and
(iv) algorithms for measuring root traits.

4. Apparatus according to claim 3, wherein said plants
are provided with unique identifiers

5. Apparatus according to claim 4, wherein said unique
identifier is a transponder.

6. Apparatus according to any one of claims 3 to 5,
wherein said transporter means (1) is a moving belt.

7. Apparatus according to claim 3, which apparatus
comprises at least one movable camera arranged to
record images of plant roots through said substan-
tially transparent container; and computer means (7,
27, 35) for collecting and storing information from
the images.

Patentansprüche

1. Verfahren zur Messung von Pflanzenwurzel-Er-
scheinungsformen, wie etwa der Wurzelwachstums-
rate, der Wurzellänge, der Wurzeldicke und/oder der
Wurzelverzweigung, umfassend (i) das Züchten ei-
ner Pflanze in einem im Wesentlichen durchsichti-
gen Behälter (2, 22, 32), der mit einem teilchenför-
migen, nicht durchsichtigen Nährmedium, das Erde
umfasst, gefüllt ist; (ii) das Bewerten der Pflanzen-
wurzeln durch den durchsichtigen Behälter hindurch
mittels digitaler Abbildung; und (iii) das Sammeln
und Speichern von Informationen aus den digitalen
Bildern in einem Computer (7, 27, 35) und das Mes-
sen von Wurzeleigenschaften unter Verwendung
von Algorithmen.

2. Verfahren nach Anspruch 1, wobei der durchsichtige
Behälter ein Pigment enthält, das alle Lichtwellen-
längen außer zwischen 500 und 600 Nanometer ab-
sorbiert.
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3. Vorrichtung zur Messung von Pflanzenwurzel-Er-
scheinungsformen nach dem Verfahren von An-
spruch 1, wie etwa der Wurzelwachstumsrate, der
Wurzellänge, der Wurzeldicke und/oder der Wurzel-
verzweigung, umfassend:

(i) ein Transportermittel zur Bewegung von
Pflanzen (1, 21), wobei sich die Pflanzen in im
Wesentlichen durchsichtigen Behältern (2, 22,
32) befinden, die mit einem teilchenförmigen,
nicht durchsichtigen Nährmedium, das Erde
umfasst, gefüllt sind; und
(ii) wenigstens eine Kamera (5, 25, 33); und op-
tional
(iii) ein mechanisches System (3, 4, 23, 31), um
der wenigstens einen Kamera den im Wesent-
lichen durchsichtigen Behälter zu präsentieren;
und
(iv) Algorithmen zur Messung von Wurzeleigen-
schaften.

4. Vorrichtung nach Anspruch 3, wobei die Pflanzen
mit eindeutigen Kennungen versehen sind.

5. Vorrichtung nach Anspruch 4, wobei die eindeutige
Kennung ein Transponder ist.

6. Vorrichtung nach einem der Ansprüche 3 bis 5, wo-
bei das Transportermittel (1) ein sich bewegendes
Band ist.

7. Vorrichtung nach Anspruch 3, wobei die Vorrichtung
wenigstens eine bewegliche Kamera, die dazu ein-
gerichtet ist, Bilder von Pflanzenwurzeln durch den
im Wesentlichen durchsichtigen Behälter hindurch
aufzuzeichnen; und ein Computermittel (7, 27, 35),
um Informationen aus den Bildern zu sammeln und
zu speichern, umfasst.

Revendications

1. Procédé de mesure de phénotypes de racines de
plantes, comme la vitesse de croissance des raci-
nes, la longueur des racines, l’épaisseur des racines
et / ou la ramification des racines, comportant les
étapes consistant à (i) faire pousser une plante dans
un récipient sensiblement transparent (2, 22, 32)
chargé d’un milieu de culture particulaire non trans-
parent comportant de la terre ; (ii) évaluer les racines
de plantes à travers ledit récipient transparent par
imagerie numérique ; et (iii) recueillir et conserver
des informations issues des images numériques
dans un ordinateur (7, 27, 35) et mesurer des carac-
téristiques des racines à l’aide d’algorithmes.

2. Procédé selon la revendication 1, ledit récipient
transparent contenant un pigment qui absorbe tou-

tes les longueurs d’ondes de lumière, excepté entre
500 et 600 nanomètres.

3. Appareil de mesure de phénotypes de racines de
plantes selon le procédé de la revendication 1, com-
me la vitesse de croissance des racines, la longueur
des racines, l’épaisseur des racines, et / ou la rami-
fication des racines, comportant:

(i) un moyen transporteur servant au mouve-
ment de plantes (1, 21), les plantes se trouvant
dans des récipients sensiblement transparents
(2, 22, 32) chargés de milieu de culture particu-
laire non transparent comportant de la terre ; et
(ii) au moins une caméra (5, 25, 33) ; et option-
nellement
(iii) un système mécanique (3, 4, 23, 31) servant
à présenter le récipient sensiblement transpa-
rent à la ou aux caméras ; et
(iv) des algorithmes destinés à mesurer des ca-
ractéristiques des racines.

4. Appareil selon la revendication 3, lesdites plantes
étant munies d’identifiants uniques.

5. Appareil selon la revendication 4, ledit identifiant uni-
que étant un transpondeur.

6. Appareil selon l’une quelconque des revendications
3 à 5, ledit moyen transporteur (1) étant une bande
mouvante.

7. Appareil selon la revendication 3, ledit appareil com-
portant au moins une caméra mobile agencée de
façon à enregistrer des images de racines de plantes
à travers ledit récipient sensiblement transparent ;
et des moyens informatiques (7, 27, 35) servant à
recueillir et conserver des informations issues des
images.
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