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(57) ABSTRACT

A method and apparatus are provided for processing plant
material to remove leaves from a plant stalk. The apparatus
comprises a conveyor for transporting a plant with leaves
hanging down from the stalk; and a defoliator mechanism
having two opposing surfaces, the opposing surfaces being
movable between (i) a disengaged position for receiving
leaves hanging down from the conveyor, and (ii) an engaged
position in which the opposing surfaces are configured to
grip leaves received by the defoliator mechanism; wherein
the opposed surfaces act in the engaged position to apply a
force on the gripped leaves to separate them from the stalk.
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APPARATUS AND METHOD FOR
PROCESSING PLANT MATERIAL

FIELD

[0001] The present disclosure relates to an apparatus and
method for processing plant material to remove leaves from
a plant stalk.

BACKGROUND

[0002] Defoliation refers to the process of stripping or
removing leaves from a plant stalk such as tobacco. FIG. 1
illustrates a tobacco plant 10. The leaves of the plant 10 can
be assigned to multiple (e.g. four) different categories
according to their position on the stalk 60. For example, as
shown in FIG. 1, according to some schemes, the leaves of
a tobacco plant are classed as belonging to one of four
different categories: lugs 20, cutters 30, bodied leaves 40 and
tip leaves 50. (It will be appreciated that other schemes for
leaf classification may be used, whether for tobacco or other
plants, and these may identify a different total number of
possible leaf categories).

[0003] At present, tobacco leaves are often removed
manually from the stalk or stem of the plant, starting at the
bottom with the lugs 20, and then moving up towards the tip
leaves 50. In one current method, a first person removes the
leaves from the stalk 60 one by one, and separates the leaves
by position (class) into lugs 20, cutters 30, bodied (body)
leaves 40 and tip leaves 50. During this process, a second
person takes about 35 leaves of a given group or class, and
ties them together into a bundle 70 (see FIG. 2). Often, a leaf
from the same class is used to tie the bundle together.
[0004] In another method, a first person removes all the
Iug leaves 20 and keeps hold of them before passing the
plant 10 to a second person who removes the cutter leaves
30. The second person then passes the plant 10 to a third
person who removes the bodied leaves 40, and then passes
the plant 10 to a fourth person who removes the tip leaves
50. Each person makes a bundle of leaves for their respec-
tive leaf group once they have collected an appropriate
number of leaves.

[0005] However, such a manual approach is becoming
more expensive with increasing labour costs, and threatens
to represent a bottleneck in tobacco production. Accord-
ingly, a number of machines have been developed to support
a more automated processing of plant material. However,
existing machines tend to be somewhat limited in function-
ality, and may also suffer from additional concerns, such as
safety.

SUMMARY
[0006] The invention is defined in the appended claims.
[0007] Various implementations provide a method and

apparatus for processing plant material to remove leaves
from a plant stalk.

[0008] According to one aspect, there is provided an
apparatus comprising a conveyor for transporting a plant
with leaves hanging down from the stalk; and a defoliator
mechanism having two opposing surfaces, the opposing
surfaces being movable between (i) a disengaged position
for receiving leaves hanging down from the conveyor, and
(i1) an engaged position in which the opposing surfaces are
configured to grip leaves received by the defoliator mecha-
nism; wherein the opposing surfaces act in the engaged
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position to apply a force on the gripped leaves to separate
them from the stalk. The apparatus further comprises a leaf
sorting system configured to separate the defoliated leaves
into different categories corresponding to position on the
stalk.

[0009] According to another aspect, an apparatus is pro-
vided for processing plant material to remove leaves from a
plant stalk. The apparatus comprises a conveyor for trans-
porting a plant with leaves hanging down from the stalk; and
a defoliator mechanism having two rollers, the rollers being
movable between (i) a disengaged position for receiving
leaves hanging down from the conveyor, and (ii) an engaged
position in which the rollers are configured to grip the leaves
received by the defoliator mechanism. When the two rollers
are in the engaged position, the defoliator mechanism is
configured to rotate the two rollers to apply a force to
separate the leaves from the stalk. By driving the rotation of
both rollers, a greater separation force can be applied to
defoliate the leaves from the stalk.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Embodiments of the invention will now be
described, by way of example only, with reference to the
accompanying drawings, in which:

[0011] FIG. 1 shows one scheme of allocating the leaves
of a tobacco plant to different categories.

[0012] FIG. 2 shows a group of leaves from one particular
category tied into a bundle.

[0013] FIG. 3 is a schematic diagram of an example
apparatus for processing plant material by defoliating and
sorting leaves in accordance with the approach described
herein.

[0014] FIG. 4A shows an example row of hooks for use
with the apparatus of FIG. 3.

[0015] FIG. 4B shows a view of a row of hooks in
accordance with FIG. 4A in use with a portion of an
apparatus in accordance with FIG. 3.

[0016] FIG. 5 is a schematic diagram of a portion of an
example apparatus for processing plant material by defoli-
ating and sorting leaves in accordance with the approach
described herein.

[0017] FIG. 6A shows a view of an example defoliator in
accordance with the approach described herein.

[0018] FIG. 6B shows a view of a further example defo-
liator in accordance with the approach described herein.
[0019] FIG. 6C shows a view of a still further example
defoliator in accordance with the approach described herein.
[0020] FIGS. 7A and 7B show a side and rear view,
respectively, of an example apparatus for processing plant
material by defoliating and sorting leaves in accordance with
the approach described herein.

[0021] FIGS. 8A and 8B show a side and front view,
respectively, of another example apparatus for processing
plant material by defoliating and sorting leaves in accor-
dance with the approach described herein.

[0022] FIGS. 9A-9F show various examples of apparatus
(or parts thereof) for processing plant material by defoliating
in accordance with the approach described herein.

[0023] FIGS. 10 and 11 are schematic flow diagrams of
two example methods for processing plant material to
remove leaves according to the approach described herein.
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DETAILED DESCRIPTION

[0024] The present application provides equipment for
mechanically processing plant material to removes leaves
from the stalk of a plant such as tobacco and separates the
removed leaves according to their position on the stalk (e.g.
according to the categories shown in FIG. 1). This process-
ing may be performed on plant material before or after
curing the plant material to reduce moisture content (the
leaves shown in FIG. 2 were cured prior to defoliation). This
(partial) automation of processing reduces the contact
between people and plants, which can help to avoid any
communication of contaminants. Furthermore, the mecha-
nisation helps to increase the efficiency and speed of the
overall process.

[0025] FIG. 3 shows an example apparatus 100 for pro-
cessing plant material in accordance with some embodi-
ments. As shown, apparatus 100 may include a conveyor
110, a defoliator 120, a support structure 130, one or more
chutes 140, one or more containers 150 and a disposal
mechanism 160.

[0026] The conveyor 110 provides a mechanism for posi-
tioning a succession of tobacco plants 10 for defoliation. The
conveyor 110 may be any mechanism which operates to
position successive the tobacco plants 10 near to the defo-
liator 120 with the leaves of the tobacco plant 10 dangling
(hanging down). For example, the conveyor 110 shown in
FIG. 3 is a mechanical (powered) conveyor belt or chain,
however, other implementations may potentially utilise a
gravity-fed slide (in which case the orientation of the
conveyor would be different from that shown in FIG. 3, in
that there would be a downward slope to the defoliator 120,
rather than the upward slope of conveyor 110 shown in FIG.
3).

[0027] The conveyor 110 is configured to transport the
tobacco plants hanging in a downwards direction (dangling)
under gravity. For example, as shown in FIG. 3, the con-
veyor 110 may have hooks 170 to hold the stalk of the
tobacco plant 10. More particularly, the tobacco plants 10
are loaded onto the hooks 170 on the underside of the
conveyor 110 (in effect at the left, lowermost portion of the
apparatus 100 shown in FIG. 3). The tobacco plants 10 are
then transported upwards (and to the right of FIG. 3),
towards the defoliator 120, the stalks of these plants being
supported by the hooks 170 on the underside of the con-
veyor. After the leaves have been removed from the plants
10 by the defoliator, the remaining stalks are discarded into
the disposal mechanism 160, and the empty hooks then
travel (on the topside of the conveyor 110) back down to the
loading point to pick up further tobacco plants, and the cycle
then repeats. In some examples, the conveyor 110 may
implement sensors for use in controlling the positioning of
the plants 10 along the conveyor; in other examples, such
control may be performed, at least in part, by a human
operatotr.

[0028] Note that each hook 170 shown in FIG. 3 may
represent a row of hooks (as shown in FIGS. 4A and 4B)
arranged perpendicular to the direction of travel of the
conveyor 110 (i.e. into the page for FIG. 3). Having a row
ot hooks 170 in this manner allows one or more plants to lie
in a horizontal direction across the row of hooks, perpen-
dicular to the direction of transport. The leaves then hang
down in the spaces between the hooks, and are hence
accessible for defoliation.
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[0029] The defoliator 120 provides a mechanism for defo-
liating (removing) the leaves from the stalk of the tobacco
plant 10. The defoliator 120, which is described in more
detail below, comprises first and second opposing surfaces,
which are configured to be in (i) a disengaged position,
substantially apart, or (ii) an engaged position, substantially
adjacent. In the disengaged position, the defoliator 120 is
configured to receive the tobacco leaves as positioned by the
conveyor 110, in other words, the leaves are inserted or
received into the space between the opposing surfaces. In the
engaged position, the opposing surfaces are brought together
to trap or hold the tobacco leaves in position between the
opposing surfaces. As discussed in more detail below, the
opposing surfaces of the defoliator 120 generally engage the
tobacco leaves from the whole length of the plant at the same
time.

[0030] The defoliator 120 is further configured in the
engaged position to pull the leaves downwards away from
the stalk, the stalk generally being retained in position by the
conveyor 110 and hooks 170, so that the leaves are thereby
separated from the stalk. This separation of the leaves from
the stalk may be further facilitated by the motion of the
conveyor 110 as it transports the stalk onwards and upwards
away from the defoliator 120 (although in other implemen-
tations, the motion of the conveyor belt 110 may be tem-
porarily halted during the defoliation operation).

[0031] In some implementations, each opposing surface
may be provided by the outer surface of a cylinder or roller,
such that the defoliator 120 comprises a pair of rollers. The
axes of the respective rollers are both substantially horizon-
tal and parallel to one another, and primarily offset from one
another in a horizontal direction. At least one of the rollers
may be rotated such that the portion of the roller surface
facing (closest to) the other roller moves in a downwards
direction, therefore provide a downward force on any leaves
which are trapped (held) between the two opposing surfaces.
In such an implementation, it will be appreciated that the
two rollers rotate in opposite directions—for example, if the
leaves are held between a roller on the left and a roller on the
right, the left roller would rotate clockwise and the right
roller would rotate anti-clockwise.

[0032] In some implementations, one of the rollers is
powered to rotate, for example by using a motor, while the
other roller is free to rotate around its longitudinal axis.
Therefore, as the powered roller rotates to pull the leaves
from the stalks, this downward force is transmitted by the
leaves to the other roller, which likewise rotates. In some
cases, there may be enough direct contact between the
rollers in the engaged position for the powered roller to
directly rotate the free roller. In other implementations both
rollers may be powered to rotate. In some cases, such
powered rollers may share a drive system and/or a control
system to help ensure synchronisation between the rollers.

[0033] There are a variety of other possible implementa-
tions for the opposing surfaces. For example, a pair of plates
which are connected to linear actuators may be configured to
pull the plates in a direction away from the stalk; alterna-
tively opposing circular plates having a coaxial configura-
tion may be rotated together to provide a downward force.
In such configurations, the plates would generally be disen-
gaged to receive the leaves, engaged to pull the leaves away
from the stalk, and then disengaged to allow the leaves to fall
into chute(s) 140 (as discussed in more detail below).
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[0034] In contrast, when using a pair of rollers, the sepa-
ration between the opposing surfaces decreases as the pair of
rollers is approached in a downwards direction form above.
This therefore helps to support a continuous feed into and
through the defoliator, even if the rollers are maintained in
the engaged position; the plant material is drawn into the
increasingly narrow spacing between the rollers, and the
continued rotation of the rollers then expels the separated
leaves out into chute(s) 140. Nevertheless, in some cases, the
rollers may be disengaged to facilitate the receipt of tobacco
plants 10 into the defoliator prior to stripping the leaves,
and/or the release of the separated (stripped) leaves into the
chute(s), depending upon the circumstances of any given
implementation (and also potentially on the nature of the
leaves to be defoliated).

[0035] As shown in FIG. 3, the apparatus 100 may include
one or more chutes 140, each of which may be directed to
a respective container or bin 150. The chutes 140 may
comprise slides, or similar guiding structures which are
configured to transport the tobacco leaves defoliated from
the plant 10 away from the defoliator 120 and into the
containers 150. Each chute 140 may be configured to receive
and transport a particular type or category of leaf, and may
be positioned underneath an appropriate portion of the
defoliator. By type or category of leaf it is meant a portion
of the leaves defined in accordance with the relative position
of the leaves on the plant. For example types or categories
of leaf may be in accordance with categories 20, 30, 40, 50
identified in FIG. 1.

[0036] For example, if the defoliator 120 comprises a set
(e.g. pair) of rollers, the defoliated leaves will be extruded
from between the opposing surfaces of the rollers—hence
the top end (opening) of the chutes 140 would be positioned
to catch or intercept leaves exiting the defoliator 120 from
between the rollers. In some cases, the defoliator 120 may
disengage the opposing surfaces to allow the leaves to fall
into the chute(s) (as well as, or instead of, extruding leaves
by rotating the rollers in the engaged position).

[0037] As an example implementation, there may be four
individual chutes, with each chute 140 receiving one of the
groups or classes of leaves identified in FIG. 1 (i.e. lugs 20,
cutters 30, bodied (body) leaves 40 and tip leaves 50). Each
chute may then direct the respective class of leaf into a
different container 150, thus sorting the leaves according to
their position on the stalk. In other examples there may be
a different number of containers, for example there may be
only a single container, in which case the chute 140 may
potentially be omitted—rather a single bin might be posi-
tioned directly beneath the defoliator 120. However, even if
there is only a single bin or container, a chute 140 might still
be utilised to transport the leaves to a container in a more
accessible location (rather than directly underneath the defo-
liator 120). Note also that where there is a single container,
a separate apparatus or process (automated or manual) might
be used to subsequently sort the leaves into different classes
or categories.

[0038] As also shown in FIG. 3, the apparatus 100
includes a disposal mechanism 160 which is configured to
receive the defoliated stalks from the conveyor 110 and
transport them to a disposal area. The conveyor 110 may be
configured to release the defoliated stalks as part of the cycle
of the conveyor mechanism. For example, as shown in FIG.
3, the hooks 170 may release the stalks when the hooks are
rotated to travel in the opposite direction (i.e. when the
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hooks reach the end of the conveyor belt). Such a release
may be accomplished in any suitable manner. For example,
if the stalk simply lies across the row of hooks, as mentioned
above, then such release will occur automatically (under
gravity) as the hooks 170 rotate around the end of the
conveyor belt 110 to start their return journey to the loading
position. The released stalks then fall onto the disposal
mechanism 160, which may comprise a slide or ramp, such
as shown in FIG. 3, for transporting the stalks to a disposal
area.

[0039] In other examples, the disposal mechanism 160
may include a specific mechanism to retrieve the stalks from
the conveyor 110, e.g. by pushing or grasping the stalks from
the hooks 170. Additionally, in some examples, the conveyor
110 may extend further past the defoliator 120 than shown
in FIG. 3, such that the defoliated stalks may be deposited
directly into a suitable bin or other container, without having
a slide or ramp to transport the stalks away from the
conveyor 120.

[0040] The apparatus of FIG. 3 also includes a support
structure 130 which is configured to support the various
components, such as the conveyor 110, the defoliator 120,
and so on, in their relative positions within the apparatus
100. The support structure 130 may be made of any suitable
material

[0041] As mentioned above, FIG. 4A shows a row of
hooks 170 for use with a conveyor 110. Each row of hooks
140 is attached to the conveyor 110, which moves the row
of hooks from the loading position towards the defoliator
120 (and then around and back to the loading position).
[0042] As further shown in FIG. 4B, the row of hooks 170
are used to engage and support the stalks of the tobacco
plants 10. In particular, the tobacco plants 10 are placed on
the hooks 170 with their stalks lying in a substantially
horizontal direction, i.e. parallel to and across the row of
hooks, with the leaves 180 dangling (hanging) down
between the hooks. Potentially multiple tobacco plants may
be placed on a single row of hooks, provided there is space
for all the leaves to hang down.

[0043] The width of the row of hooks is generally com-
parable with the length of the stalks. Thus if the stalks were
much longer that the row of hooks, the ends of the tobacco
plant might sag downwards; conversely, having the row of
hooks much wider than the length of the stalks would leave
part of the row unoccupied, which would be a rather
inefficient use of space. (On the other hand, having a wider
row of hooks might support placing multiple tobacco plants
in series across a row to increase overall throughput).
[0044] In operation, it is expected that the tobacco plants
10 will be placed into the hooks 170 with a consistent
orientation—e.g. with the bottoms of the stalks all adjacent
one side of the conveyor and the tops of the stalks all
adjacent the other side of the conveyor (where the tops and
bottoms of the stalks are with respect to the growing
orientation of the plants 10). With this consistent orientation,
the leaves hang separately in a position across the row
determined by their respective position on the stalk. In
particular, each different type of leaf (lugs 20, cutters 30,
bodied 40 and tips 50) will correspond to a substantially
consistent position across the width of the row of hooks; this
helps to support automated sorting of the defoliated leaves
into different types, as described in more detail below.
[0045] In the example shown in FIG. 4B, the row of hooks
170 is positioned horizontally and perpendicular to the
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direction of conveyance of the conveyor 110. In other
implementations, different configurations may be used for
the hooks (and rows of hooks). For example, a row of hooks
may be parallel (rather than transverse) to the direction of
conveyance; this will generally involve the defoliator 120
and other components being repositioned and reoriented
accordingly.

[0046] In some implementations, the row of hooks may be
set (or configurable to) a slant to the horizontal. One reason
for such an arrangement might be to accommodate different
heights (lengths) of stalk. In other words, increasingly taller
(longer) stalks may be placed at an increasingly greater
slant, such that the horizontal extent of the row is consistent
across different stalk lengths. With this approach, the dif-
ferent types of leaf (lugs 20, cutters 30, bodied 40 and tips
50) will continue to have a substantially consistent position
across the (horizontal) width of the row of hooks, even in the
case of different plant sizes, to help support automated
sorting of the leaves.

[0047] FIG. 5 shows an example of defoliator 120 in the
disengaged position in accordance with some embodiments.
Additionally, FIG. 5 shows the relative position of certain
other components of the apparatus 100. The defoliator 120
of FIG. 5 includes a first opposing surface 210, which is an
external surface of a first roller 212 attached to a first arm
215, and a second opposing surface 220, which is an external
surface of a second roller 222 attached to a second arm 225.
Each roller 212,222 is attached to their respective arm
215,225 in a suitable manner to allow the rollers to rotate
whilst being supported by the arm.

[0048] The rollers 212, 222 are movable with respect to
each other to provide the disengaged and engaged positions.
Thus in the example shown in FIG. 5, the first arm 215 is
fixed, hence the position (axis) of the first roller 212 is held
fixed. In contrast, the second arm is mounted on a pivot joint
230, such that the second arm 225 is operable to rotate with
respect to the first arm 215 around the pivot joint 230 to
move the second roller 222 between a disengaged position
(as shown in FIG. 5) and an engaged position adjacent the
first roller 212. This movement of the second roller 222 in
FIG. 5 is indicated by arrow 235, which denotes the change
in position of the second roller 222 as the defoliator 120 is
switched between a disengaged position, with the opposing
surfaces 210, 220 substantially apart, and an engaged posi-
tion, with the opposing surfaces 210,220 substantially adja-
cent. In other implementations, both of the first and second
rollers 212, 222 may be movable to switch the defoliator 120
between the disengaged position and the engaged position.
[0049] Note that in the disengaged position, the second
roller 222 is moved well away from, and below, the first
roller 212. This allows leaves suspended from the conveyor
110 clear access to the first roller 212 as they travel to the
defoliator, without being impeded by the second roller.
When the leaves for a plant abut or are close to the first roller
212, the second roller is now moved up into the engaged
position, thereby closing in on the hanging leaves, such that
they are gripped between the first and second rollers.
[0050] The defoliator 120 includes an actuator 240, for
example an electric motor, which operates to move the
defoliator 120 between the disengaged position and the
engaged position (as per arrow 235), and also to rotate the
second roller 222 using a drive mechanism contained in arm
225 to perform the defoliation. Other implementations may
have different arrangements of actuators, motors etc. For
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example, in some cases, two separate actuators may be
provided to rotate each respective roller, or a single actuator
may be provided to power the rotation of both rollers. The
actuator(s) used for rotating the roller(s) may be the same as
or different from the actuator(s) used to move the defoliator
120 between the disengaged and engaged positions. In some
cases the movement between the disengaged and engaged
positions might be controlled and performed manually.

[0051] FIG. 5 further shows sensors 245, 250 and 255 that
are part of apparatus 100. These sensors help to support
automated operation of the apparatus 100 and/or the safety
and reliability of such operation. For example, measure-
ments from the sensor(s) may act as trigger to initiate and/or
terminate at least one control task according to the particular
measurement readings.

[0052] For example, a first sensor 245 may be used to help
position the tobacco plant 10 in the correct location relative
to the defoliator 120 prior to engagement of the opposing
surfaces 210, 220. Thus as the conveyor 110 transports a
plant 10 using hooks 170, towards the defoliator 120, the
sensor 245 may detect when the hooks 170 (and the leaf
carried thereby) are now located immediately above the
defoliator; such a detection might then trigger a control task
such as a temporary halt in the motion of the conveyor belt
and/or an engagement of the first and second opposing
surfaces 210, 220 of the defoliator 120. As such, this control
task may be triggered by the sensor 245 indicating that the
conveyor has transported a plant to a target position relative
to the first and second opposing surfaces. The first sensor
245 might also be able to detect the lateral position of the
tobacco plant 10 on the hooks (i.e. in a horizontal direction
transverse to the travel direction of the conveyor belt). It
may then be possible to move the hooks sideways (in a
transverse direction), for example if the hooks are mounted
on a movable carriage (not shown in the drawings) to help
properly align the plant with chutes 140 for the different leaf

types.

[0053] A second sensor 250 shown in FIG. 5 might be
used to determine whether or not leaves 180 (e.g. a feature
of a plant) are present between the opposing surfaces 210,
220 of the defoliator. If there are leaves present, this may
initiate rotation of the first and/or second rollers 212, 222, to
commence the defoliation. Conversely, if subsequently the
second sensor 250 detects that the leaves are no longer
present, the second sensor may provide a control signal to
stop rotation of the first and/or second rollers 212, 222 and
to disengage the opposing surfaces 210, 220. As such, one
or more control tasks may be triggered based on the presence
or absence of one or more leaves of the plant, wherein the
one or more sensors indicate the presence or absence of one
or more leaves. Alternatively or additionally, a sensor might
be provided to indicate the presence (or absence) of the
stalk. In these examples, one or more control tasks are
triggered based on the sensed presence or absence of a stalk
of the plant.

[0054] A third sensor 255 may be utilised to determine
whether the defoliator 120 is in the disengaged or engaged
position. It will be appreciated that in some implementa-
tions, there may be a single overall control system which
receives data from the various sensors 245, 250, and 255,
and uses this information before making control decisions
for the apparatus 100 as a whole. In other implementations,
the control functionality might be more distributed (at least
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in part); for example, a given sensor might be used directly
to initiate (or terminate) a given control operation, such as
discussed above.

[0055] FIG. 6A shows a detailed view of the first and
second rollers 212, 222 in the defoliator 120 of FIG. 5. In
contrast to the depiction of the defoliator 120 in FIG. 5, the
defoliator of FIG. 6A is in the engaged position, so that the
first and second rollers 212, 222 are in close proximity to one
another, whereby the opposing surfaces 210, 220 are adja-
cent. The rollers 212, 222 may be made of any suitable
material, such as metal, plastic, etc.

[0056] As shown by the directional arrows on each of the
rollers 212, 222, the opposing surfaces 210, 220 are rotated
to provide a downward force (typically frictional) on leaf
material located between the rollers 212, 222. In particular,
with the left-hand roller 222 rotating clockwise and the
right-hand roller 212 rotating anti-clockwise, the force
applied to the leaf material between the opposing surfaces
210, 220 is substantially in a direction away from the hooks
170 and conveyor 110. It will be appreciated that if the force
applied by the rollers 212, 222 is greater than the force
attaching the leaves to the stem (stalk), the leaves will be
separated from the stalk.

[0057] The gripping strength, e.g. the frictional force
applied to the leaves, is dependent on compression of the
leaves between the opposing surfaces 210, 220, along with
any resilience of the opposing surfaces themselves, and/or
(spring) loading together of the opposing surfaces 210, 220.
For example, if the actuator 240 (see FIG. 5) controls the
arm 225 to push the second roller 222 against the first roller
212, the grip strength may be enhanced.

[0058] In the implementation shown in FIG. 5, the first
roller 212 has a resilient mounting that supports a small
amount of lateral movement, i.e. towards and away from the
second roller (in the engaged position). This mounting may
bias the first roller 212 towards the second roller 222, such
that the two rollers touch one another in the absence of any
leaves. However, as leaves 180 are introduced between the
first and second rollers in the engaged position, the first
roller is pushed by the leaves slightly away from the second
roller, against the resilient mounting, therefore creating
space between the rollers to accommodate the leaves.

[0059] The surface of one or both of the opposing surfaces
210,220 may be textured to enhance grip strength. For
example, in FIG. 6 A the opposing surfaces are provided with
a series of spikes or studs 310 distributed across each of the
surfaces. The spikes on the opposing surfaces 210, 220 may
be configured to interdigitate in the region of closest contact,
thereby forcing the leaves at least partially into a zig-zag
arrangement between the spikes. In some cases, the spikes
310 may pierce the leaves, which may further increase the
downward force (traction) applied to the leaves by the
rotating rollers.

[0060] In other implementations, the texturing of one or
both of the opposing surfaces may comprise providing a
pattern of ridges and troughs, or short studs, or any other
form of roughening or texturing. It is also possible for the
outer surface of one or both of the rollers to be made
resilient, e.g. by using a rubber outer layer. This rubber layer
would then be compressed in the region of closest contact
between the surfaces, and so enhance grip strength. Note
that multiple such approaches may be used in conjunction
with one another (e.g. a roller surface may be both resilient
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and textured); also the two opposing surfaces may be
different from one another, or may share the same texturing,
etc.

[0061] FIG. 6B provides another example of a defoliator
120 having two opposing surfaces 210, 220. In contrast to
the defoliator 120 of FIG. 6A which has first and second
rollers 212,222 to provide the opposing surfaces, each
opposing surface in the defoliator 120 of FIG. 6B comprises
a belt or track 320 which may be driven to rotate the surface
of'the belt. For example, the rotatable belt 320 can be rotated
by driving one or more of a set of multiple (e.g. 3) rollers
325 located within the belt. This use of a belt 320 helps to
increase the area of contact between the two opposing
surfaces 210, 220, which is another way to help enhance the
grip strength. The area of contact may be further increased
if so desired by having more rollers in the set of rollers
located within each belt. Additionally (or alternatively), one
or both opposing surfaces of the belt 320 may be textured or
roughened, for example, by forming ridges, spiked and/or
studs on the surface as described above, in order to help
further enhance grip strength.

[0062] FIG. 6C provides another example of a defoliator
120, in which the two opposing surfaces 210, 220 are
provided by two opposing plates 330,340. The plates 330,
340 may be moved (actuated) between an engaged position
of reduced separation and a disengaged position of increased
separation (analogous to the rollers 212, 222 described
above). In the disengaged position, the plates are separated
to allow the defoliator 120 to receive a plant, while in the
engaged position, the plates 330, 340 are brought together to
grip the leaves 180. In the engaged position, the plates are
further moved downwards, away from the conveyor, thereby
providing a downward force on the leaves to defoliate a
plant 10). After such defoliating, the opposing surfaces
210,220 may be disengaged (separated) to release the defo-
liated leaves. Again, one or both of the opposing plates may
be textured or roughened, for example, by forming ridges,
spiked and/or studs on the surface as described above, in
order to further enhance grip strength.

[0063] FIGS. 7A and 7B show a side view and a rear view
of apparatus 100 for processing plant material in accordance
with some embodiments (where the rear view corresponds to
the end furthest from the loading position). The defoliator
120 shown in FIG. 7A is in the engaged position. Note that
in FIG. 7B, the disposal mechanism 160 is omitted for
greater visibility of the other components.

[0064] The apparatus 100 is shown in FIG. 7B to be
provided with four chutes 140 and four corresponding
containers 150, each pair of chute and corresponding con-
tainer being used to collect a respective leaf type (see FIG.
1). As can be seen by comparing FIGS. 3 and 7A, the chutes
change position between the disengaged position of the
defoliator (FIG. 3) and the engaged position of the defoliator
(FIG. 7A). This movement of the defoliator allows easier
access to the containers 150 when the defoliator is disen-
gaged (for example, to empty and replace a container).
[0065] As previously described, in the operation of appa-
ratus 100, plants 10 are transported by the conveyor 110 with
their stems horizontal and perpendicular to the direction of
travel. FIG. 7B shows that the top of the chutes 140 are
arranged in a line parallel to the stems, with each chute
corresponding to the location of a respective leaf type (for
the four leaf types shown in FIG. 1). This allows the
defoliator to drop defoliated leaves in particular chutes 140
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according to their attached position on the stem. In apparatus
100, two of the chutes 140 include a forward-angled portion
410, and two of the chutes 140 include a rear-angled portion
420, which allows the containers 150 to be arranged in a
square, with two front bins 430 and two rear bins 440. The
two forward angled portions 410 of the chutes direct defo-
liated leaves into respective front bins 430 and the two rear
angled portions direct defoliated leaves into respective rear
bins 440.

[0066] It will be appreciated that this arrangement of
chutes 140 and bins is provided by way of example only, and
many other variations are possible. For example, the four
containers might be provided in a line of four elongated bins,
such that each chute might drop straight down to a respective
container without any angled portions. Furthermore, other
implementations may have a different number of containers
and/or chutes according to the particular plant processing
requirements.

[0067] FIGS. 8A and 8B show a side and front view,
respectively, of another example apparatus for processing
plant material by defoliating and sorting leaves in accor-
dance with the approach described herein. Many aspects of
this example are the same or similar to the example
described above in relation to FIGS. 7A and 7B, hence for
conciseness, we will only discuss herein two main differ-
ences of the example of FIGS. 8A and 8B (compared with
the example of FIGS. 7A and 7B).

[0068] The first of these differences is that in the second
example (i.e. that shown in FIGS. 8 A and 8B) the movement
of the second roller 222 to engage/disengage with the first
roller 212 is driven by a pneumatic system (rather than an
electric motor). The pipe 229 shown in FIG. 8A forms part
of this pneumatic drive system. Note that actuator 240 may
be retained as part of pneumatic control system as shown in
FIG. 8 A (but modified to operate with the pneumatic control
system instead of with an electric motor, such as provided
for the implementation of FIG. 7A). Alternatively, in other
implementations the actuator 240 may be omitted. (Note that
in general the rotation of at least one of the two rollers 212,
222 is still driven by one or more electric motors, as
described above).

[0069] The second difference is that the chutes 140 for
guiding the defoliated leaves into containers 150 are
replaced by plates 142 (see FIG. 8B). The example illus-
trated in FIG. 8B has four plates, one for each leaf type in
the same way as the example of FIG. 7B. However, other
implementations may have a different number of plates
according to the desired separation of leaves. The plates 142
may each be formed for individual attachment to the support
structure 130, or alternatively the plates 142 may be formed
as part of an overall (monolithic) element which is then
attached to the support structure 130. The skilled person will
be aware of other potential configurations, for example, the
apparatus 100 may be fitted with two pairs of plates.

[0070] Inoperation, the leaves slide down the plates under
the force of gravity after they have been defoliated from the
stalk. The plates may be flat (planar) or they may be
contoured, at least in part. For example, a plate may be
configured to form a valley or channel (whether relatively
deep or relatively shallow) to help guide the leaves away
from the defoliator. Note that the plates 142 may support a
faster throughput of leaves than chutes 140, thereby sup-
porting a faster overall rate of defoliation (although the
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chutes 140 may provide greater control in terms of the
separation and destination of the leaves).

[0071] FIGS. 9A-9F show various examples of apparatus
(or parts thereof) for processing plant material by defoliation
in accordance with the approach described herein. FIG. 9A
shows a defoliator mechanism 120 and part of a support
structure 130 of an apparatus for defoliating plants (other
portions of the apparatus, such as a conveyor and hooks, are
omitted for clarity). The defoliator mechanism 120 com-
prises rollers 212 and 222, the former being fixed, the latter
being movable between an engaged and a disengaged posi-
tion. In particular, the roller 222 is supported at each end by
arms 225 (only one of which is labelled in FIG. 9A). The
arm 225 is part of a semi-circular frame which can be rotated
(manually or automatically) to move roller 222 between the
engaged and disengaged positions. Compared with imple-
mentations described above, the defoliator mechanism 120
is twice as wide to allow processing of two plants at the same
time, i.e. in parallel, as indicated by the two groups of leaves
180 shown in FIG. 9A, each group corresponding to a
separate plant suspended by hooks 170 from conveyor belt
110. It will be appreciated that having such a wider defo-
liator mechanism 120 therefore provides a greater through-
put (rate) and capacity for defoliating plants. It will be
appreciated that the width of other components of the
apparatus is likewise increased to match the increased width
of the defoliator mechanism 120 (the width direction being
transverse to the direction of travel of conveyor 110). It will
further be appreciated that although FIG. 9A shows a width
to defoliate two plant stalks at the same time, it may also be
feasible for such an apparatus to be wider still, i.e. to
defoliate three or more plant stalks at the same time.

[0072] FIG. 9B shows a conveyor belt 110 and defoliator
mechanism 120 of another apparatus for defoliating plants
(other portions of the apparatus, such as a support structure,
are omitted for clarity). The leaves 180 hang down from
hooks 170 which in turn are suspended from conveyor belt
110 to move the leaves to defoliator 120, which comprises
apair of rollers 212, 222 as described above. Compared with
the previously described implementations, the hooks 170
have a longitudinal arrangement whereby the stalks of the
plants are arranged to lie in a direction parallel to (rather
than transverse to) the direction of travel by conveyor belt
170. There is a corresponding change in alignment of the
rollers 212, 222 of the defoliator mechanism, which are now
likewise parallel to the direction of travel by conveyor belt
170. Other portions of the apparatus, such as the leaf sorting
system, are to be aligned accordingly (not shown in FIG.
9B). It will be appreciated that whereas the implementation
of FIG. 9A has an increased width of the apparatus (com-
pared for, example with the configuration of FIG. 7B), the
implementation of FIG. 9B decreases the width (compared
again to the configuration of FIG. 7B). This may be benefi-
cial according to the space available for the apparatus.

[0073] FIG. 9C shows a conveyor belt 110 and a defoliator
mechanism 120 of another apparatus for defoliating plants
(other portions of the apparatus, such as a support structure
and any leaf sorting system, are omitted for clarity). The
leaves 180 hang down from hooks 170 which in turn are
suspended from conveyor belt 110 to move the leaves to the
defoliator 120. Compared with implementations described
above, the angle of inclination of the conveyor 110 to the
horizontal (indicated as 0) is much greater. In particular, the
inclination angle 0 in FIG. 9C is approximately 70 degrees,
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but in other implementations 6 may be any other suitable
value, such as approximately 20, 30, 40, 50 or 60 degrees.
In general, the inclination angle may be a<6<b where a is
selected from the angles 20, 30, 40, 50 or 60 degrees, and b
is selected from the angles 40, 50, 60, 70 or 80 degrees
(subject to the condition a<b). Note that if 8 approaches too
close to 90 degrees, the conveyor 110 is almost vertical, and
the leaves will hang down very close to the conveyor, which
may hamper defoliation.

[0074] The defoliator mechanism 120 in FIG. 9C is also
different from previously described defoliators and com-
prises two opposing surfaces, provided by blocks 905A,
905B. Each block has a corresponding actuator 902A, 9028,
for moving the opposing surfaces together into the engaged
position, or apart, into the disengaged position. (In some
implementations, one of the blocks may be fixed, and only
one of the blocks is movable to change between the engaged
and disengaged positions). Unlike the rollers shown in
FIGS. 9A and 9B, the opposing surfaces do not drive the
leaves 180 downwards (away from the stalk), but rather the
opposing surfaces clamp the leaves in place (in the engaged
position). However, as the conveyor belt continues in
motion, it lifts the stalks higher, away from the defoliation
mechanism 120, thereby creating a separation force between
a stalk which is being lifted, and the leaves attached to the
stalk, which are clamped between the two opposing sur-
faces. Thus once the stalk has been raised sufficiently far by
the conveyor belt 110 to cause the separation force to
remove the leaves 180 from the stalk, the two opposing
surfaces can be moved back to the disengaged position to
release the defoliated leaves, which then fall into a leaf
sorting system or similar.

[0075] One advantage of the apparatus of FIG. 9C is that
the defoliator mechanism is relatively simple—the two
opposing surfaces only have to be moved together and apart
between the engaged and disengaged positions, but without
any additional motion (such as rotation). However, the
defoliation mechanism shown in FIG. 9C may be somewhat
slower than a roller-based defoliation mechanism (such as
shown in FIGS. 9A and 9B), since the rollers 212, 222 will
tend to eject leaves from the defoliator as they spin while
still in the engaged position, whereas the defoliation mecha-
nism shown in FIG. 9C releases the leaves 180 as the two
opposing surfaces are returned to the disengaged position
and hence release their clamping of the leaves.

[0076] FIG. 9D shows a conveyor belt 110 and defoliator
mechanism 120 of another apparatus for defoliating plants
(other portions of the apparatus, such as a support structure
and any leaf sorting system, are omitted for clarity). The
leaves 180 hang down from hooks 170 which in turn are
suspended from conveyor belt 110 to move the leaves to the
defoliator 120. Compared with implementations described
above, the defoliation mechanism 120 of FIG. 9D acts to cut
the leaves 180 from the stalk, rather than in effect pulling
them from the stalk as per FIGS. 9A and 9B (or pulling the
stalk from the leaves as per FIG. 9C). In particular, the
defoliator mechanism of FIG. 9D comprises a fixed counter
blade 912 and a cutting blade 910 which is driven by
actuator 902 between an engaged (cutting) position and a
disengaged position. Accordingly, counter blade 912 and
cutting blade 910 can be regarded as two opposing surfaces
(edges). The blades can be implemented in any suitable
manner, for example as a spinning blade (akin to a circular
saw) or as a standard knife blade. In some implementations
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both opposing surfaces (blades) may move to transition
between the engaged and disengaged positions—e.g. the
counter blade 912 may have its own actuator. In some
implementations, the counter blade may be replaced by a flat
(vertical) surface, akin to one of the opposing surfaces in the
implementation of FIG. 9C. One advantage of the apparatus
of FIG. 9D is that the defoliator mechanism is again rela-
tively simple (like for FIG. 9C), in that the two opposing
surfaces (blades) only have to be moved together and apart
between the engaged and disengaged positions, but without
any additional motion (such as rotation).

[0077] FIG. 9E shows a conveyor belt 110 and defoliator
mechanism 120 of another apparatus for defoliating plants
(other portions of the apparatus, such as a support structure,
are omitted for clarity). The leaves 180 hang down from
hooks 170 which in turn are suspended from conveyor belt
110 to move the leaves to the defoliation mechanism. The
implementation of FIG. 9E has a number of differences
compared with implementations described above. Firstly,
the defoliation mechanism comprises two defoliators 120A,
120B. This is somewhat analogous to the implementation of
FIG. 9A above, in that it allows two plants to be defoliated
at the same time (or more, if additional defoliators are
provided), thereby increasing the processing rate of the
apparatus. However, rather than having the two stalks for
parallel processing being end to end in a lateral (transverse)
configuration, in FIG. 9E the two stalks are in effect side to
side. Unlike for FIG. 9A, it will be appreciated that this
configuration of FIG. 9E does not require any increased
width, but will tend to increase slightly the length of the
apparatus.

[0078] A further difference of the implementation of FIG.
9E concerns the structure of the defoliators 120A, 120B.
These two defoliators (which are the same as one another)
each comprise a roller 222 linked to an actuator 902 for
moving the roller between the engaged and disengaged
position. Each defoliator further includes a belt 920 sus-
pended between an upper roller 923 and a lower roller 924.
The roller 22 and the belt 920 provide opposing surfaces for
gripping and separating the leaves when in the engaged
position. In operation, the roller 922 and/or the belt 920 may
be rotated to separate the leaves from the stalk. The belt may
be rotated by rotating roller 923 and/or roller 924. The use
of a roller 222 and belt 920 may have various benefits. For
example, the belt may stop stray leaves (or portions thereof)
from one defoliator somehow interacting with the other
defoliator after separation. The belt 920 may also be more
tolerant of any variation in the positioning of the roller, for
example, due to movement of the roller 22 (e.g. up or down)
during the defoliation processing.

[0079] A further difference is that the implementation of
FIG. 9E has one or more conveyors 940 to collect the leaves
180 after defoliation. Note that since the orientation of the
stalks for FIG. 9E is perpendicular to the page, while the
motion of the conveyor 940 is across the page (e.g. left to
right), the different leaf categories will fall at different
positions laterally (transversely) across the conveyor. This
separation will then be maintained during motion of the
conveyor, which may then discharge the defoliated leaves
into some form of leaf sorting system, analogous to that
described above based on the chutes or plates.

[0080] FIG. 9F is generally very similar to FIG. 9E with
all the same components and the same general mode of
operation. Accordingly, only the difference of FIG. 9F
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compared to FIG. 9E will be described, which is that the
belts 920 are inclined away from the vertical in a direction
that coincides with the movement of conveyor belt 940. In
FIG. 9F, the conveyor belt is assumed to transport the
defoliated leaves 180 from right to left of the page, and
hence the lower roller 924 is positioned to the right of the
upper roller 923 to give the belt 920 the appropriate incli-
nation. Slanting the belt 920 at this manner generally pro-
vides an easier transition for the leaves from the defoliator
120 onto the conveyor belt 940, since the slant of the belt
920 already imparts a horizontal component of motion to the
leaves in the same direction as movement of the conveyor
belt 940. It must be emphasised that although the above
example implementations show various combinations of
feature, it is expressly envisaged that the disclosed features
from different example implementations can be combined
together in any appropriate combination (unless there would
be a clear incompatibility in such combination). The fol-
lowing are presented as examples of such combinations (but
are not in any way exhaustive):

[0081] the double-width configuration of FIG. 9A could be
used with the defoliator mechanism of FIG. 9C or 9D and or
the conveyor belt 940 of FIGS. 9E and 9F

[0082] the upward conveyor 110 of FIG. 9C may be used
with a defoliator mechanism such as shown in FIG. 9A
(whether of single or double width) to provide increased (but
the full) separation force

[0083] any of the implementations of FIGS. 9A-9F may be
provided with a suitable leaf sorting system, such as based,
for example, on guides (e.g. chutes or plates) as described
above

[0084] the longitudinal configuration of FIG. 9B may be
used with a cutting defoliator such as shown in FIG. 9D
[0085] in any implementation the two opposing surfaces
may both be actuated (such as in FIG. 9C) or only one of the
opposing surfaces may be actuated (such as in FIG. 9D)
[0086] in the implementation of FIG. 9E or 9F, any of the
three specified features may be used by itself, in conjunction
with an implementation such as shown in FIG. 9A (of single
or double width), or any pair of the three features may be
likewise used. For example, an implementation may have
the conveyor 940 of FIG. 9E or 9F, but just a single
defoliator (which may comprise either a belt and roller or
two rollers). Conversely, one or two defoliators comprising
a belt and roller may be used without having the conveyor
940.

[0087] As noted above, the above example combinations
are illustrative only, and the skilled person will form many
other potential combinations of features based on the teach-
ings described herein.

[0088] FIG. 10 is a schematic flow diagram of an example
method for processing plant material to remove leaves
according to the approach described herein. The method
commences at operation 510 with a tobacco plant being
loaded onto the conveyor (e.g. onto the hooks) and trans-
ported towards the defoliator mechanism. Each plant may be
loaded onto the conveyor by an operator (user or worker) or
by a mechanical loading mechanism (not shown), which
may be automated or manually controlled.

[0089] The plants are transported towards the defoliator
mechanism with their stalks in an approximately horizontal
orientation (e.g. within 25, 20, 15, 10, 5, 2 or 1 degrees of
the horizontal) and with the leaves hanging down under
gravity. The stalks are typically also aligned perpendicular to
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the direction of travel, which is convenient for processing
each stalk in turn as the conveyor progresses. However, it is
not excluded that the plant may be aligned parallel to the
direction of conveyance, or in some other orientation (with
corresponding changes to the alignment of the defoliator
120).

[0090] At step 520, the leaves are received by the defo-
liator mechanism. The leaves may be received by the
defoliator mechanism when the opposing surfaces are in the
disengaged position, with the leaves then being gripped as
the opposing surfaces move from the disengaged position to
the engaged position. The operation of the defoliator 120
relative to the positioning of the leaves may be controlled
automatically, for example, by using one or more sensors
(optical and/or motion) associated within the conveyor 110
and/or the defoliator 120. In other implementations, the
plants may be positioned relative to the defoliator mecha-
nism by an operator using a control panel for operating the
conveyor and/or the defoliator mechanism.

[0091] At step 530, the opposing surfaces of the defoliator
120 are moved from their disengaged position to their
engaged position to grip leaves that are located between
these surfaces. This operation may involve moving one of
the opposing surfaces, with the other kept stationary, or both
of'the opposing surfaces may be moved. As discussed above,
the disengaged position allows leaves hanging from the
conveyor 110 to be received into the defoliator, e.g. because
one of the opposing surfaces (such as the second roller 222
in FIG. 5) is moved out of the path of the leaves in the
disengaged position, such as by lowering this opposing
surface. In other implementations, the apparatus may have a
different geometry relative to the movement of the leaves,
leading to a different motion between the engaged and
disengaged positions. For example, in some cases the oppos-
ing surfaces may be translated with respect to each other
between the engaged and disengaged positions, such that the
alignment of the opposing surfaces remains unchanged,
while in other cases the opposing surfaces may be re-
orientated as part of the movement, such as by rotation along
an arc.

[0092] At step 540, a force is applied to the gripped leaves
via the opposing surfaces to separate the leaves from the
stalk. The force causes the gripped leaves to move in a
downward direction away from the stalk, which is retained
in position by the conveyor (e.g. by the rows of hooks). In
many implementations, the direction of movement may be
substantially downward, but some horizontal component
may also be present, for example, to help direct the leaves
into chutes 140 or plates 142 (depending upon the particular
geometry of the apparatus). In general, the direction of
separation of the leaves from the stalk is within 25, 20, 15,
10, 5, 2 or 1 degrees of the vertical.

[0093] As discussed in relation to FIGS. 6A, 6B and 6C
above, the separation force may be applied by various forms
of defoliator mechanism, such as rotating rollers or similar
(FIG. 6A), rotating belts (FIG. 6B), or by translating oppos-
ing plates or jaws (FIG. 6C). The applied force is great
enough to overcome the connection of the leaves to the stalk,
and so acts to defoliate the stalk. The leaves defoliated from
the plant stalk typically drop or fall from the defoliator
mechanism.

[0094] At step 545 at least a portion of defoliated leaves is
directed via at least one guide (such as a chute 140 or plate
142). The at least one guide may be provided to direct leaves
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into particular containers or areas—e.g. there may be mul-
tiple guides, each guide directing leaves of a particular type
or category into a respective container. In some implemen-
tations, an operator may be able to alter the sorting of the
guides, as appropriate for the current tobacco plants being
processed, for example, based on the grade or size of plant,
variety of crop, source of crop, etc. In some cases, the guides
and/or containers may be adjustable, or replaceable by other
configurations.

[0095] As the containers fill up, the defoliation of the
tobacco plants may be temporarily interrupted to allow one
or more containers to be emptied (or replaced). In some
implementations, an operator and/or one or more sensors
(e.g. optical sensors or pressure sensors) may be used to
assess when a container is (nearly) full and hence in need of
replacement or emptying, after which the processing of the
tobacco plants 10 can restart. Subsequently, the defoliated
leaves may be subject to further processing as appropriate—
e.g. curing (if not already performed), and/or baling (either
loosely or in bundles, as desired). In some cases, in which
apparatus 100 is not used to sort different leaf types into
different containers, the further processing may also include
a separate (subsequent) step of sorting the leaves into
different classes, this may be performed manually or auto-
matically. On the other hand, in some cases the intended use
of the leaves may not require segregation by leaf class, or
alternatively, the plants being processed may rather homo-
geneous leaves, and so do not require sorting.

[0096] FIG. 11 is a schematic flow diagram of a further
example method for processing plant material to remove
leaves according to the approach described herein. Steps
510-540 of the method are unchanged with respect to FIG.
10 and are not described again.

[0097] The method depicted in FIG. 11 includes two
further optional steps 550, 560 which may be performed
simultaneously, as shown, or sequentially (in either order).
After the force has been applied to the gripped leaves to
separate them from the stalk in step 540, the stalk and leaves
are independent of each other. In step 550, the opposing
surfaces of the defoliator are now moved from the engaged
position to the disengaged position to ensure that any leaves
which remain gripped by the opposing surfaces are released
and allowed to fall or drop (into chutes and/or containers for
example). This is particularly relevant in the case of an
implementation such as FIG. 6C, in which the operation of
the defoliator is to remove leaves from the stalk, but where
the leaves then remain gripped until the opposing surfaces
are disengaged. In some examples, such as those in accor-
dance with the example of FIG. 6C, step 545 is performed,
at least in part, after step 550. In other words, at least a
portion of the leaves are directed via at least one guide (e.g.
chute 140) after the opposing surfaces have been moved
from the engaged position to the disengaged position. This
is to be contrasted with an implementation such as shown in
FIG. 6 A or 6B, in which the continuous motion (rotation) of
the opposing surfaces provides a feed-through action to
automatically release the leaves after defoliation. In these
examples, step 545 typically occurs prior to step 550,
although it will be appreciated that any leaves remaining
between the opposing surfaces when the opposing surfaces
are moved from engaged position to the disengaged position
will be released by the opposing surfaces and may be
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directed by the at least one guide into a suitable container.
As such, step 545 may occur before, or during, or after step
550.

[0098] Note also that disengaging the defoliator mecha-
nism may also be important to ready the machine to receive
the next plant for processing, i.e. to provide a path for the
next leaves to be received into the defoliator, as discussed
above in relation to FIG. 5.

[0099] In step 560 the defoliated plant stalk is transported
via the conveyor to a disposal mechanism which is config-
ured to receive the defoliated stalks from the conveyor and
transport them to a disposal location. As an example, the
conveyor may be configured to release the defoliated stalks
when they reach a particular location of the conveyor
mechanism. For example, as shown in FIG. 3, the stalks fall
automatically from the hooks when the hooks are rotated to
travel in the opposite direction (i.e. when the hooks reach the
end of the conveyor belt). The released stalks fall onto the
disposal mechanism (a slide or ramp in FIG. 3) and are
transported to the disposal location (such as a bin, shredder,
or such-like). In other examples, the disposal mechanism
may include a specific mechanism to actively retrieve the
stalks from the conveyor (i.e. by picking or pushing them off
the conveyor).

[0100] In conclusion, the present application provides
methods and apparatus for processing plant material to
remove leaves from a plant stalk. According to one aspect,
there is provided an apparatus comprising a conveyor for
transporting a plant with leaves hanging down from the
stalk; and a defoliator mechanism having two opposing
surfaces, the opposing surfaces being movable between (i) a
disengaged position for receiving leaves hanging down from
the conveyor, and (ii) an engaged position in which the
opposing surfaces are configured to grip leaves received by
the defoliator mechanism; wherein the opposing surfaces act
in the engaged position to apply a force on the gripped
leaves to separate them from the stalk. The apparatus further
comprises a leaf sorting system configured to separate the
defoliated leaves into different categories corresponding to
position on the stalk.

[0101] The leaf sorting system may include multiple
guides, each guide being configured to receive and direct a
respective category of leaves such that each category of
leaves is received and directed by a different guide. Typi-
cally, the defoliated leaves fall under the action of gravity
down from the defoliator mechanism to the guides and
onwards past the guides. The leaf sorting system may further
comprise multiple containers for receiving defoliated leaves
from the guides, each container being configured to receive
a respective category of leaves such that each category of
leaves is received by a different container. The guides may
be implemented, for example, as plates or chutes.

[0102] In some cases, the guides may have an adjustable
position to accommodate different sizes of plant. For
example, smaller plants will tend to have leaves from
different categories closer together, hence the guides may be
adjusted closer together, and conversely, larger plants will
tend to have leaves from different categories spaced further
apart along the stalk, hence the guides may be adjusted so as
to be further apart. This adjustment may be performed
manually, or automatically, for example, by using a sensing
system to detect the size of a plant to be defoliated, and then
adjusting the plate positions accordingly.
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[0103] The use of guides, e.g. chutes or plates, in this
manner allows automated sorting of defoliated leaves into
different categories by helping to separate the leaves after
removal, for example, to direct the leaves into different
containers corresponding to respective leaf categories.
[0104] According to another aspect, an apparatus is pro-
vided for processing plant material to remove leaves from a
plant stalk. The apparatus comprises a conveyor for trans-
porting a plant with leaves hanging down from the stalk; and
a defoliator mechanism having two rollers, the rollers being
movable between (i) a disengaged position for receiving
leaves hanging down from the conveyor, and (ii) an engaged
position in which the rollers are configured to grip the leaves
received by the defoliator mechanism. When the two rollers
are in the engaged position, the defoliator mechanism is
configured to rotate the two rollers to apply a force to
separate the leaves from the stalk.

[0105] By driving the rotation of two rollers, a greater
separation force can be applied that when driving just a
single roller (and having the other roller a free roller, for
example). To support synchronisation of the two drive
rollers, e.g. to help avoid a shear force on the leaves, the two
rollers are generally drive in synchronism but in an opposite
rotational direction from one another, for example by con-
necting both of the two rollers to the same drive motor.
[0106] Note that in other implementations, the defoliator
mechanism may be configured to drive only a single roller,
e.g. with the other roller being allowed to rotate freely, but
not driven. Although such implementations will typically
provide a lower force for defoliation that a situation in which
both rollers are driven, this does simplify the drive mecha-
nism and so can help to reduce cost.

[0107] According to a further aspect, there is provided an
apparatus provided for processing plant material to remove
leaves from a plant stalk, the apparatus comprising: a
conveyor for transporting a plant with leaves hanging down
from the stalk; and a defoliator mechanism having two
opposing surfaces, the opposing surfaces being movable
between (i) a disengaged position for receiving leaves
hanging down from the conveyor, and (i) an engaged
position in which the opposing surfaces are configured to
grip the leaves received by the defoliator mechanism,
wherein one or both of the opposing surfaces is textured; and
wherein the opposing surfaces act in the engaged position to
apply a force on the gripped leaves to separate them from the
stalk.

[0108] According to a further aspect, there is provided an
apparatus provided for processing plant material to remove
leaves from a plant stalk, the apparatus comprising: a
conveyor for transporting a plant with leaves hanging down
from the stalk; a defoliator mechanism having two opposing
surfaces, the opposing surfaces being movable between (i) a
disengaged position for receiving leaves hanging down from
the conveyor, and (ii) an engaged position in which the
opposing surfaces are configured to grip the leaves received
by the defoliator mechanism, wherein the opposing surfaces
act in the engaged position to apply a force on the gripped
leaves to separate them from the stalk; and one or more
sensors for triggering at least one control task for controlling
the defoliation of the leaves.

[0109] According to a further aspect, there is provided an
apparatus provided for processing plant material to remove
leaves from a plant stalk, the apparatus comprising: a
conveyor for transporting a plant with leaves hanging down
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from the stalk; and a defoliator mechanism having two
opposing surfaces, the opposing surfaces being movable
between (i) a disengaged position for receiving leaves
hanging down from the conveyor, and (ii) an engaged
position in which the opposing surfaces are configured to
grip the leaves received by the defoliator mechanism;
wherein the opposing surfaces act in the engaged position to
apply a force on the gripped leaves to separate them from the
stalk; and wherein the conveyor is inclined upwards as the
leaves approach the defoliator. The upwards inclination of
the conveyor therefore tends to lift the stalk up and away
from the leaves, which at the same time are being pulled
downwards by the defoliator, and thereby helps to increase
the overall separation force between the leaves and the stalk.

[0110] According to a further aspect, there is provided an
apparatus for processing plant material to remove leaves
from a plant stalk, the apparatus comprising: a conveyor for
transporting a plant with leaves hanging down from the
stalk; a defoliator mechanism comprising at least one blade
for cutting the leaves from the stalk; and a leaf sorting
system configured to separate the defoliated leaves into
different categories corresponding to position on the stalk.
Using a blade with a cutting action to separate the leaves
from the stalk may be less liable to damage defoliated leaves
compared with applying a downward force in effect to pull
the leaves from the stalk.

[0111] In order to address various issues and advance the
art, this disclosure shows by way of illustration various
embodiments in which the claimed invention(s) may be
practiced. The advantages and features of the disclosure are
of a representative sample of embodiments only, and are not
exhaustive and/or exclusive. They are presented only to
assist in understanding and to teach the claimed invention
(s). It is to be understood that advantages, embodiments,
examples, functions, features, structures, and/or other
aspects of the disclosure are not to be considered limitations
on the disclosure as defined by the claims or limitations on
equivalents to the claims, and that other embodiments may
be utilised and modifications may be made without depart-
ing from the scope of the claims. Various embodiments may
suitably comprise, consist of, or consist essentially of,
various combinations of the disclosed elements, compo-
nents, features, parts, steps, means, etc. other than those
specifically described herein, and it will thus be appreciated
that features of the dependent claims may be combined with
features of the independent claims in combinations other
than those explicitly set out in the claims. The disclosure
may include one or more other inventions not presently
claimed, but which may be claimed in future.

1. Apparatus for processing plant material to remove
leaves from a plant stalk, the apparatus comprising:

a conveyor for transporting a plant with leaves hanging
down from the stalk;

a defoliator mechanism having two opposing surfaces, the
opposing surfaces being movable between (i) a disen-
gaged position for receiving leaves hanging down from
the conveyor, and (ii) an engaged position in which the
opposing surfaces are configured to grip the leaves
received by the defoliator mechanism; wherein the
opposing surfaces act in the engaged position to apply
a force on the gripped leaves to separate them from the
stalk;
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and a leaf sorting system configured to separate the
defoliated leaves into different categories correspond-
ing to position on the stalk.

2. The apparatus of claim 1, wherein the leaf sorting
system includes multiple guides, each guide being config-
ured to receive and direct a respective category of leaves
such that each category of leaves is received and directed by
a different guide.

3. The apparatus of claim 2, wherein the defoliated leaves
fall under the action of gravity down from the defoliator
mechanism to the guides and onwards past the guides.

4. The apparatus of claim 2 or 3, wherein the leaf sorting
system further comprises multiple containers for receiving
defoliated leaves from the guides, each container being
configured to receive a respective category of leaves such
that each category of leaves is received by a different
container.

5. The apparatus of any of claims 2 to 4, wherein there are
N categories of defoliated leaves, N guides, and N contain-
ers, each guide being configured to receive and direct a
respective category of defoliated leaves from a correspond-
ing position on the stalk to a respective container.

6. The apparatus of any of claims 2 to 5, wherein the
relative position of the guides can be adjusted along an axis
which is parallel to the orientation of a plant stalk being
transported by a conveyor.

7. The apparatus of claim 6, wherein the guides can be
adjusted to be closer together along said axis for sorting
smaller plants and further apart from one another along said
axis for sorting larger plants.

8. The apparatus of claim 6 or 7, further comprising one
or more sensors for detecting the size of a plant to be
defoliated, wherein the apparatus is configured to adjust the
relative position of the guides along said axis in response to
the detected size of the plant.

9. The apparatus of any of claims 2 to 8, wherein the
guides comprise plates.

10. The apparatus of any of claims 2 to 8, wherein the
guides comprise chutes.

11. The apparatus of any of claims 1 to 10, wherein the
defoliator mechanism further comprises a roller which pro-
vides a first one of the two opposing surfaces, and wherein
the defoliator mechanism is configured to rotate the roller to
apply the force to separate the leaves from the stalk.

12. The apparatus of claim 11, wherein the defoliator
mechanism further comprises a second roller which provides
a second one of the two opposing surfaces.

13. The apparatus of claim 12, wherein the defoliator
mechanism is configured to rotate the second roller such that
the first and second ones of the two opposing surfaces both
move together in the same direction.

14. The apparatus of claim 12 or 13, wherein the second
roller is enabled to move sufficiently away from the first
roller in the engaged position to accommodate the received
leaves.

15. The apparatus of any of claims 1 to 14, wherein one
or both of the two opposing surfaces is textured.

16. Apparatus for processing plant material to remove
leaves from a plant stalk, the apparatus comprising:

a conveyor for transporting a plant with leaves hanging

down from the stalk; and

a defoliator mechanism having two rollers, the rollers

being movable between (i) a disengaged position for
receiving leaves hanging down from the conveyor, and
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(i1) an engaged position in which the rollers are con-
figured to grip the leaves received by the defoliator
mechanism;

wherein when the two rollers are in the engaged position,

the defoliator mechanism is configured to rotate the two
rollers to apply a force to separate the leaves from the
stalk.

17. The apparatus of claim 16, wherein one of the two
rollers is fixed, and the other of the two rollers is movable
to transition the defoliator mechanism between the engaged
position and the disengaged mechanism.

18. The apparatus of claim 16 or 17, wherein the two
rollers are drive in synchronism but in an opposite rotational
direction from one another.

19. The apparatus of claim 18, wherein both of the two
rollers are connected to the same drive motor.

20. Apparatus for processing plant material to remove
leaves from a plant stalk, the apparatus comprising:

a conveyor for transporting a plant with leaves hanging

down from the stalk; and

a defoliator mechanism having two opposing surfaces, the

opposing surfaces being movable between (i) a disen-
gaged position for receiving leaves hanging down from
the conveyor, and (ii) an engaged position in which the
opposing surfaces are configured to grip the leaves
received by the defoliator mechanism, the defoliator
mechanism being configured to apply a force to sepa-
rate the leaves from the stalk;

wherein a first surface of the two opposing surfaces is

provided by a first rotatable belt.

21. The apparatus of claim 20, wherein when the two
opposing surfaces are in the engaged position, the defoliator
mechanism is configured to drive the first rotatable belt to
apply the force to separate the leaves from the stalk.

22. The apparatus of claim 20 or 21, wherein the defo-
liator mechanism comprises two rotating belts, wherein each
belt provides one of the two opposing surfaces, and wherein
the defoliator mechanism is configured to drive one or both
of' the belts to apply the force to separate the leaves from the
stalk.

23. The apparatus of claim 22, wherein the defoliator
mechanism is configured to drive the second rotatable belt
simultaneously with the first rotatable belt to apply the force
to separate the leaves from the stalk.

24. Apparatus for processing plant material to remove
leaves from a plant stalk, the apparatus comprising:

a conveyor for transporting a plant with leaves hanging

down from the stalk; and

a defoliator mechanism having two opposing surfaces, the

opposing surfaces being movable between (i) a disen-
gaged position for receiving leaves hanging down from
the conveyor, and (ii) an engaged position in which the
opposing surfaces are configured to grip the leaves
received by the defoliator mechanism, wherein one or
both of the opposing surfaces is textured;

wherein the opposing surfaces act in the engaged position

to apply a force on the gripped leaves to separate them
from the stalk.

25. Apparatus for processing plant material to remove
leaves from a plant stalk, the apparatus comprising:

a conveyor for transporting a plant with leaves hanging

down from the stalk;

a defoliator mechanism having two opposing surfaces, the

opposing surfaces being movable between (i) a disen-
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gaged position for receiving leaves hanging down from
the conveyor, and (ii) an engaged position in which the
opposing surfaces are configured to grip the leaves
received by the defoliator mechanism, wherein the
opposing surfaces act in the engaged position to apply
a force on the gripped leaves to separate them from the
stalk; and

one or more sensors for triggering at least one control task

for controlling the defoliation of the leaves.

26. The apparatus of claim 25, wherein the at least one
control task comprises moving the opposing surfaces
between the disengaged position and the engaged position.

27. The apparatus of claim 25 or 26, wherein the at least
one control task comprises stopping the conveyor.

28. The apparatus of any of claims 25 to 27, wherein the
at least one control task is triggered by the one or more
sensors indicating that the conveyor has transported a plant
to a desired target position relative to one or both of the first
and second opposing surfaces.

29. The apparatus of any of claims 25 to 28, wherein the
at least one control task is triggered by the one or more
sensors detecting one or more leaves or a stalk of the plant.

30. Apparatus for processing plant material to remove
leaves from a plant stalk, the apparatus comprising:

a conveyor for transporting a plant with leaves hanging

down from the stalk; and

a defoliator mechanism having two opposing surfaces, the

opposing surfaces being movable between (i) a disen-
gaged position for receiving leaves hanging down from
the conveyor, and (ii) an engaged position in which the
opposing surfaces are configured to grip the leaves
received by the defoliator mechanism;

wherein the opposing surfaces act in the engaged position

to apply a force on the gripped leaves to separate them
from the stalk;

and wherein the conveyor is inclined upwards as the

leaves approach the defoliator.

31. The apparatus of claim 30, wherein the two opposing
surfaces act to clamp leaves in a stationary position and the
conveyor is configured to separate the stalk from the
clamped leaves.

32. The apparatus of any of claims 1 to 30, wherein the
applied force acts to move the gripped leaves in a substan-
tially downwards direction away from the conveyor.

33. The apparatus of any of claims 1 to 32, wherein the
defoliator mechanism further comprises an arm to move one
of the opposing surfaces between the engaged and the
disengaged positions.

34. The apparatus of any of claims 1 to 33, wherein for the
disengaged position, one of the two opposing surfaces is
located out of a path of the leaves as they are moved by the
conveyor to be received by the defoliator mechanism.
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35. The apparatus of any of claims 1 to 34, wherein the
conveyor comprises hooks for receiving the stalks of plants,
wherein the plants are transported by the conveyor moving
the set of hooks.

36. The apparatus of claim 35, wherein the hooks are
arranged in horizontal rows, whereby a stalk lies across a
row, and the leaves of the stalk hang down through spaces
between the hooks in the row.

37. The apparatus of claim 35 or 36, wherein the rows of
hooks are arranged perpendicular to a direction of travel of
the conveyor.

38. The apparatus of any of claims 1 to 37, wherein the
conveyor is configured to transport the stalk after defoliation
to a disposal mechanism.

39. Apparatus for processing plant material to remove
leaves from a plant stalk, the apparatus comprising:

a conveyor for transporting a plant with leaves hanging

down from the stalk;

a defoliator mechanism comprising at least one blade for

cutting the leaves from the stalk; and

a leaf sorting system configured to separate the defoliated

leaves into different categories corresponding to posi-
tion on the stalk.

40. The apparatus for processing plant material to remove
leaves from a plant stalk as defined in any one of indepen-
dent claims 1, 16, 20, 24, 25, 30 and 39 in combination with
one or more of any of dependent claims 2-15, 17-19, 21-23,
26-29 and 31-38.

41. A method for processing plant material using an
apparatus to remove leaves from a plant stalk, the apparatus
having a conveyor for transporting a plant with leaves
hanging down from the stalk, a defoliator mechanism having
two opposing surfaces and at least one chute configured to
direct at least a portion of leaves defoliated from the plant,
the method comprising:

transporting a plant via the conveyor a plant the defoliator

mechanism;

receiving the leaves hanging down from the conveyor by

the defoliator mechanism with the opposing surfaces in
a disengaged position;
moving the opposing surfaces from the disengaged position
to an engaged position in which the opposing surfaces are
configured to grip the leaves received by the defoliator
mechanism; and

applying a force via the opposing surfaces on the gripped

leaves to separate them from the stalk.

42. The method of claim 41 for processing plant material
to remove leaves from a plant stalk, wherein said processing
is performed with the apparatus of any of claims 1-40.
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