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FIGURE 1

/Abstract
Crop protection netting for covering trees or other plants for insect and bird exclusion is of a knitted mesh construction, comprising

§ 4
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égé

(57) Abr

kKnit intersections In the netting and connecting yarn portions between the yarn intersections which extend substantially linearly

between intersections. The netting Is lightweight and stretchable in multiple directions.
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FIGURE 1

(57) Abstract: Crop protection netting for covering trees or other plants for msect and bird exclusion 1s of a knitted mesh con-
struction, comprising knit intersections in the netting and connecting yarn portions between the yarn mtersections which extend
substantially linearly between intersections. The netting 1s lightweight and stretchable in multiple directions.
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“CROP PROTECTION NETTING”

FIELD OF THE INVENTION

The present invention relates to crop protection netting for use over growing plants, vines,

bushes, or trees (heremn: plants) 1n agricultural app]icatiéns.
BACKGROUND TO THE INVENTION

Crop protection netting may be used to cover crops while they are growing. One type of crop
protection netting comprises a line knit construction with jomning filaments as shown in Figure 8.
Another type of crop protection and comprises knitted netting defining diamond shaped
apertures as shown in Figure 9 with the netting yarn on all sides of the netting mesh apertures

being continuously knitted or knotted.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an improved or at least alternative crop

protection netting.

In a first aspect the mnvention broadly comprises crop protection netting having a greater length

than width and which is of a knitted mesh construction, knitted such that at yarn intersections in
the netting multiple yarns of which the netting 1s formed are knitted around each other to define
the netting mesh apertures so that the netting 1s stretchable in multiple directions, and wherein

connecting yam portions between said yarn intersections extend substantially hnearly between

intersections.

Preferably the netting is knitted from multiple yarns all extending along a length of the netting. In
a preferred form each yarn follows an approximate zig-zag path path along the length of the
netting, looping at each intersection in the netting comprising the yarn, to a further netting yarn

intersection one on one side and one on another side.

In another aspect the invention broadly comprises crop protection netting having a greater length

than width and which 1s of a knitted mesh construction, knitted from multiple yarns extending
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along a length of the netting and following an approximate zig-zag path path along the length ot
the netting, looping at each intersection in the netting comprising the yarn, to two further netting

yatn intersections one on one side and one on another side.

In a preferred netting construction of the invention as will be further described with reference to
the accompanying figures, each intersection is formed by knitting together of three yarn parts

passing through the mtersection:

e 2 first yarn which enters the intersection along a first axis and exits the intersection along
the same first axis, so that a first connecting portion to a first adjacent intersection

comprises adjacent lengths of the same yarn,

e a second yarn which enters the intersection along a second axis, passes through the loop
within the intersection of the first yarn, and extends to and returns from a second
adjacent intersection along a third axis so that a second connecting portion to that
adjacent intersection comprises adjacent lengths of the same yarn, and exits the

intersection along a fourth axis, and

e 2 third yarn which enters the intersection along the second axis so that a third connecting
portion from a third adjacent intersection comprises portions of both the second and
third yarns, passes through the loop in the intersection of the first yarn, and exits the
intersection along fourth axis with the second yarn, so that a fourth connecting portion

to a fourth adjacent intersection comprises portions of both the second and third yarns.

In another preferred netting constructions of the invention as will be further described with
reference to the accompanying figures, each intersection 1s formed by knitting together of three

yarn parts passing through the intersection:

e a first yarn which enters the intersection along a first axis, firstly creates an extra loop and

exits the intersection along the same first axis, so that a first connecting portion to a first

adjacent intersection comprises adjacent lengths of the same yarn,

e 2 second yarn which enters the intersection along a second axis, passes through the loop
within the intersection of the first yarn, and then goes behind the loop created by the
first yarn to create an extra loop and then extends to and returns from a second adjacent
intersection along a third axis so that a second connecting portion to that adjacent
intersection comprises adjacent lengths of the same yarn, and exits the intersection along

a fourth axis, and
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o 2 third yarn which enters the mntersection along the second axts so that a third connecting
porton from a third adjacent intersection comprises portions of both the second and
third yarns, passes through the loop 1n the intersection of the first yam, and exits the

intersection along fourth axis with the second yarn, so that a fourth connecting portion

to a fourth adjacent mntersection comprises portions of both the second and third yarns.

And each ym;n intersection in the nettng 1s connected to adjacent and surrounding yarn
intersections by connecting yarm portions each comprising at least two yarn lengths. Preferably,
each yarn intersection in the netting is connected to adjacent and surrounding yarn intersections
by connecting yarn portions each comprising at least two yarn lengths that are at least free of

knots or loops for 2mm or more in length between the mntersections.

Preferably the netting comprises rows of said yarn mtersections adjacent to one another 1n a first
axis ot direction across the netting, typically across a machine or manufacturing axis or direction
of the netting. Preferably in immediately adjacent rows of yarn intersections in a second direction
substantially orthogonal to said first direction, typically a machine or manufacturing axis or

direction of the netting, the yarn intersections of the adjacent rows are staggered relative to one

another.

Preferably the width of the netting 1s substantially uniform along the length of the netting.

Preferably the mesh size 1s in the range of approximately 3mm to 20mm, 0.3mm to 10mm, more
preferably approximately 3mm to 8mm, even more preferably 4mm to 6mm, even more

preferably 3mm to 5mm, even more preferably approximately 3.5mm to 4.5mm, and most

preferably approximately 4 mm.

In one form each mesh aperture comprises four yarn sides between knitted yarn intersections. In
a preferred form the lengths of the sides are substantially equal. The netting may alternatvely be
knitted so that the lengths of the mesh aperture sides are unequal or so that the mesh apertures
have more than four sides in more complex mesh aperture shapes, for example but not limited to
hexagonal shaped mesh apertures. In the four-sided mesh form of the netting the shape of the
apertures may be substantially square, rectangular, triangular, or any other shape. The mesh
aperture shape is referred to when the netting 1s equally and maximally taut but not stretched n

both its length and width directions.
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In one form the netting is formed from elastic yarn. In another form, the netting 1s formed from
non-elastic yarn. In another form the yarn is formed from yarn that has some elongation when

stretched but 1s neither elastic or non-elastic.

In a preferred form the netting is reflective. In another form the netting i1s non-retlective. In
some embodiments the yarn forming the netting may be any of the following: black, white,
transparent ot translucent, white (UV or non-UV reflecting white) in colour, coloured, formed

from a non-pigmented material, formed from plastic, or formed from a range of polymers.

In one form the netting 1s formed by twin, triple, or multiple or single monofilament fibre yarns.
In one form the yarn 1s monofilament. Preferably, the monofilament has a substantially circular
cross-section. More preferably the yarn has diameter 1in the range of approximately (.1mm to
1mm, even more preferably 0.2mm to 0.8mm, and even more preferably 0.2mm to 0.4mm, and
more preferably 0.2 to 0.3 mm and most preferably 0.15mm to 0.25mm In denier, the yarn 1s
preferably in the range of approximately 50 to 1000 denier, more preferably 50 to 700 denter,
even more preferably 100 to 500 denier, even more preferably 100 to 300 denier, even more

preferably 150 to 250 denier or even more preferably 200 to 300 denier

 Typically the netting is machine-knitted for example on a warp knitting machine or a weft

insertion warp knitting machine.

Preferably the weight of the netting is in the range of approximately 10 to 100 grams per m’,
more preferably 15 to 80 grams per m’, even more preferably 20 to 60 grams per m®, even more

preferably 20 to 40 grams per m®, or more preferably 30 to 40 grams per m” and even more

preferably 25 to 35 grams per m*

In some embodiments the yarn may incorporate a compound or compounds added to cause ot
increase the extent to which the material reflects and/or absorbs radiation from the earth
(terrestrial (flong wave or infrared) radiation). Thus when the netting 1s placed over plants it will

assist in retaining heat beneath the material, which may be desirable for some plants or

applications.
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In some embodiments the yarn may incorporate a compound or compounds added to cause or
increase the extent to which the netting allows transmission and/or absorption of radiation from
the earth (terrestrial (long wave or infrared) radiation). Thus when the netting 1s placed over or

adjacent to plants it will assist in releasing the heat beneath the netting, which may be desirable

for some plants or applications.

In other embodiments the yarn may incorporate a compound or compounds added to cause or

increase the extent to which the netting reflects and/or absorbs solar radiation. Thus when the
netting is placed over plants it will assist in cooling beneath the materal, which may be desirable

for some plants or applications.

In other embodiments the yarn may incorporate a compound or compounds added to cause or
increase the extent to which the netting allows transmission and/or absorption of solar radiation.

Thus when the material 1s placed over plants it will assist 1 increasing the heat beneath the

material, which may be desirable for some plants or apphcations.

In a further aspect the invention broadly consists in a method of protecting plants comprising the
step of at least partially covering a plant or row of plants with a crop protection netting of .the

first aspect of the invention.

In one form the step of covering the plant(s) comprises securing the netting over the entirety of

the plant(s) and securing or fixing it to the ground surface surrounding the plants.

In another form the step of covering the plant(s) comprises suspending or supporting the netting

over the top of the plant(s) as a canopy using a supporting structure or framewotk.

The term “yarn” as used in this specification, unless the context suggests otherwise 1s intended to
mean multi or mono filament yarn, threads or fibres. The term “yarn” unless the context
suggests otherwise, is intended to include longitudinally extending single filament elements
having four sides when viewed 1n cross-section, such as a rectangular or square cross-section, also
longitudinally extending elements having a multisided cross-section such as a triangular or
hexagonal cross-section for example, and also longitudinally extending elements having a circular
or oval or similar cross-section (sometimes referred to hereafter as monofilament). The yarns

may be formed from any suitable polyolefin such as polyethylene or polypropylene, for example,
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or a mixture thereof, or an ethylene alpha-olefin, or a polyester, or a biopolymer, or a blend ot
any of the foregoing. Certain plastics are particularly useful when present as minor or major
components. Ethylene vinyl acetate (EVA), ethylene butyl acrylate (EBA) and ethylene methyl
acrylate (EMA) are useful for imparting elasticity and other properties. Polyesters and
polystyrene, styrene-butdienie (SB), acrylonitrile-butadienie-styrene (ABS), styrene-actylonitrile
(SAN), polyethylenie terephithialate (PET), polymethylmethacrylate (PMMA) and polycarbonate
are useful as dye carriers and also for mfluencing radiation (reflecting, absorbing and
transmission) properties and also other properties on the materials. Starch and other plant
polymers are useful to increase biodegradability. Alternatively the yarns may comprise in patt ot
whole of paper, wood or cellulose fibre, starch based polymers, casem, latex or 1n any
combination of the above and/or with petroleum derived plastic polymers. The polymer or

polymer blend may incorporate agents such as one or mote pigments, UV stabilisers, or

processing aids.

The phrase “mesh size” as used in this specification, unless the context suggests otherwise, 1s
defined for the four-sided and equal-length sides form of mesh apertures as the length of the
sides of the mesh aperture, ot a substantially equivalent cross-sectional area for non-equi-length
sided mesh apertures or other more complex mesh aperture shapes formed by more than four

sides, the cross-sectional area being determined when the netting is taut but not stretched 1n both

directions.

The term “reflective” as used in this specification is intended to mean that the netting filament ox
yarn themselves, excluding the air spaces, 1s reflective of at least 20%, or 30%, or 40%, or 50% or
alternatively at least 55% or alternatively at least 60% of visible light on at least one side of the
netting. In one embodiment of a reflective netting, the netting may reflect at least 40% solar
radiation on average across the UV (wavelength about 280-400 nm), visible (wavelength about
400-700 nm) and very near infrared (wavelength about 700-800 nm) ranges, and which transmits
at least 10% or 5% on average of solar radiation across the wavelength range about 800-2500nm.
The netting may reflect more solar radiation than it transmits and absotbs in the UV, visible, and
very near infrared ranges. The material may transmit at least 15% or at least 20% of solar
radiation on average in the wavelength range about 800-2500nm. Some or all yarn of a reflective
netting may be formed from a tesin comprising a white pigment, which resin has been formed by
mixing a masterbatch consisting essentially of 20 to 90% by weight of a white pigment or

combination of pigments chosen from zirconium, strontium, barium, magnesium, zinc and
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calcium pigments, and a first polymer, with a second polymer such that the resin (masterbatch)
comprising the white pigment comprises between about 5 to 50% by weight of the total mixture.
In certain embodiments the white pigment may be selected from zirconium, dioxide, magnesium,
zirconate, calcium zirconate, strontium zirconate, barium zirconate, zirconium silicate, zinc
sulphide, calcium carbonate, barium sulphate, magnesium oxide, stronttum catbonate, barium

carbonate, potassium titanate and titanium dioxide.

The term “cover factor” means the percentage of the overall area of the netting material which
comprises knitted, woven, or non-woven monofilament, yarn, or tape or a2 combination, forming
the netting itself, judged from perpendicular to the plane of the netting when laid out flat, as
opposed to air space in between the netting. Thus if a netting has a cover factor ot 20% then the

atr space through the netting would be 80% of the total area of the netting.

The term “comprising” as used 1 this specification and claims means “consisting at least 1n part
of’. When interpreting each statement 1n this specification and claims that includes the term
“comprising”, features other than that or those prefaced by the term may also be present.

Related terms such as “comprise” and “comprises” are to be mnterpreted in the same manner.

As used herein the term “and/or” means “and” or “or”, or both.

As used herein “(s)” following a noun means the plural and/or singular forms of the noun.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will be described by way of example only and with
reference to the drawings, in which:

Figure 1 is a schematic diagram of crop protection netting fully covering an entire row of plants
in accordance with an embodiment of the mvention;

Figure 2 is a schematic diagram of crop protection netting partially covering a plant in the form
of a canopy in accordance with an embodiment of the invention;

Figure 3 is a plan view of a portion of the crop protection netting in 2 taut but un-stretched state
in accordance with an embodiment of the mvention;

Figure 4 is a plan view of a portion of the crop protection netting of Figure 3 that has been

stretched outwardly in the direction of arrows L;
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Figure 4a is a plan view of a portion of the crop protection netting of Figure 3 that has been
stretched outwardly in the direction of arrows L the opposite of Figure 4;

Figure 5 is a closer view of a smaller portion of the crop protection netting than shown n Figure
6, and in which three separate monofilament yarns or strands of the netting are shown each n a
different shade;

Figure 5.1 is a closer view of a small portion of a variation of the crop protection netting with
extra looping than shown in Figure 6, and in which three separate monofilament yarns or strands
of the netting are shown each 1n a different Shade;

Figures 6a-c each show the path of one of the three yarns in an individual intersection in the
netting, and Figure 6d shows enlarged an individual intersection, again with each yarn or strand
shown in a different shade as 1in Figure 5;

Figures 6.1a-c each show the path of a one of the three yarns in an individual intersection 1n the
variation of the crop protection netting with extra looping, and Figure 6.1d shows enlarged an
individual intersection, again with each yarn or strand shown 1n a different shade as m Figure 5.1;
Figure 7 is another plan view of a portion of the crop protection netting of Figures 3-0;

Figure 7.1 is another plan view of a portion of the variation of the crop protection netting of
Figures 5.1 and 6.1;

Figure 8 1s 2 plan view of one prior att netting;

Figure 9 is a plan view of another prior art netting; and

Figure 10 is a plot of the results of comparative trials work comparing the performance of netting
of Figures 3 to 6 to a standard pillar type construction insect deterrent netting of the type shown

in Figure 8, in the prevention of pollination during flowering and thus the production of seedless

frat.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The crop protection netting of the invention is particulatly suitable for covering trees ot other
plants for insect and bird exclusion. Particularly, the crop protection netting may be used over
fruit trees including citrus trees to exclude insects that cause pollination in turn producing fruit
with seeds. The netting 1s also stretchable or elongatable in both axes or directions, in the plane
of the netting when laid flat, so that as trees or plants covered by the netting grow the netting can
stretch to accommodate growth. The netting also does not comprise a relatively high level of
knotting in the netting construction, which can add weight to the netting which weight may

undesirably bear on often delicate foliage of covered plants. In particular the netting does not
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comprise lines of knotting formed by knotting the yarn upon itself along these lines, and also the

netting yarn on all sides of the netting mesh apertures is not continuously knitted or knotted

Figure 8 shows one type of prior art crop protecting netting of a line knit construction. The
netting comprises parallel lines or ribs 50 formed by knotting the yarn upon itself along these
lines, which are joined by cross-portions 51 of the yarn. The ribs 50 essentially comprise rows of
ticht knots. In the knots of the lines 50 the individual yarns are tied to one another and cannot
move (or can move only marginally under strong tension). Yarn 1s knotted at one line 50 and
then looped via a cross-portion 51 to the next line 50 then this is repeated down the 11b line(s) so
that there are two yarns knotted then the next two looped (as part of one loop) and so on. As a

result the yarn is non-stretch or elongatable at least in the axis along the ribs. Also the high level

of knotting in the lines or ribs 50 makes the netting relatively heavy.

Figure 9 shows another form of prior art crop protecting netting comprising diamond shaped
apertures with the netting lines 60 being knitted or knotted as shown. This netung 1s also
relatively heavy due to the continuous knotting in all directions/along all sides of the diamond
shaped apertures. Also the knit construction comprising continuous knotting 1 all
directions/along the netting sides of the diamond shaped apertures inhibits knitting this form of

netting with a small aperture size such as a 4mm aperture size or example and 1t restricts the

weaving of lighter weight netting.

Referring to Figure 1, a length of crop protection netting 10 of the invention is shown placed
over a row of fruit trees 12. The netting may be manufactured in a length and width to suit
typical applications or a range of lengths and/or widths. Typically the width of the netting 1s
between about 2 and 20 metres and the length of the netting 1s longer. For insect exclusion
typically the netting must be large enough to extend over an entire plant or row of plants as
shown, and be secured, fastened or anchored at or toward the peripheral edges 11 of the netting
with stakes, pegs, soil or other fixing devices to the ground 15 surrounding the petiphery of the
plant or plants such that bees or other insects cannot fly under the netting into the trees.
Alternatively, the edges 11 of the netting may drape onto the ground and need not necessarily be
secured in any way other than under its own weight. As shown in Figure 1, the netting 10 1s

draped over the trees such that it is in contact with and supported in place by the trees 1t covets.
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Figure 2 shows an alternative installation of crop protection netting of the invention as a canopy
extending over the top of a fruit tree 12, and this installation may be applied over/along a row of
trees also. The canopy installaion comprises a supporting structure 13 or framework that
supports or suspends the netting 10 over the fruit trees. The netting may also be arranged such
that its peripheral edges 11 extend at least some way toward the ground 15 if more or full
coverage is desired. The supporting structure 13 may comprise one or more uptright posts alone

or in combination with supporting wire ot wires or other cross-members extending between the

posts.

Figure 3 1s a plan view of a portion of crop protection netting of a preferred embodiment of the
invention in a taut but un-stretched state and Figure 4 1s a plan view of a portion of the netting
stretched outwardly in the direction of arrows L. Optionally edge portions (not shown) of the
netting may be reinforced or formed with different matetial to assist in fixing the netting to the

ground. As shown, the entire netting or majority of the netting if the edges are reinforced 1s

formed from a knitted mesh construction shown.

The netting 1s typically machine-knitted on a warp knitting machine or other knitting-machine.
The netting comprises an array of mesh apertures 14. The mesh apertures 14 of the preferred
embodiment are shaped as seen in Figure 7, 2 combination of rounded base and pointed peak,
forming four sides with four yarn intersections points and are substantially uniform 1n shape and

size. The orientation of the mesh apertures 14 relative to the length L and width W directions of

the netting need not be as shown 1n Figure 3.

Referring particularly to Figure 3 each shaped mesh aperture 14 is defined substantially by four
sides 14a-14d of substantially equal length of yarn, which are connected by four knit intersections
14e. At the knit intersections 14e the yarns of which the netting 1s formed are looped around
each other. Between the yarn intersections 14e the connecting yarn portions 14a-14d extend
substantially linearly and are not continuously knitted or knotted (as 1n the prior art netting types

referred to above). The sides 14a-d may have non-equal lengths in alternative forms of the

" netting. As shown, the sides 14a-14d between the intersections 14e comprise twin yarns, but be

comprised of triple or multiple yarns in alternative embodiments. In the four-sided form of the
mesh apertures, the shape of the apertures may be substantially square, rectangular or any other

shape. It will also be appreciated that the mesh apertures may be knitted to have more than four
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sides, and with intersections 14e in alternative forms of the knitted mesh construction to create

more complex mesh aperture shapes, for example but not limited to hexagonal shaped apertures.

The netting 1s stretchable or extendible in both the width axis or direction indicated by arrow W
and the length axis or direction indicated by arrow L in Figures 3 and 4 which 1s typically the
machine or manufacturing direction. Figure 4 shows 2 portion of the crop protection netting of
Figure 3 that has been stretched in the length direction L. (causing some contraction or reduction
in the width direction W and also causing the mesh apertures 14 to change shape). Figure 4a
shows a portion of the crop protection netting of Figure 3 that has been stretched in the width
direction W (causing some contraction or reduction in the length direction L. and also causing the

mesh apertures 14 to change shape.

In the preferred embodiment shown the mesh size of the equi-length four sided mesh apertures
14 is defined by the length of the sides 14a-d between the intersections 14e, measured when the
netting is in a taut but non-stretched state m both length and width directions. Preferably the
mesh size may be in the range of approximately 3mm to 20mm, 3mm to 10mm, more preferably
approximately 3mm to 8mm, even more preferably 4mm to 6mm, even mote preterably 3mm to
5mm, even more preferably approximately 3.5mm to 4.5mm. In one preferred form for

pollinating insect exclusion the mesh size may be approximately 4mm.

The yarn from which the netting is knitted 1s typically 2 monofilament yarn of any sutable
material as previously mentioned. Typically, the yarn 1s extruded from a polymer resmn. Each
yarn yarns may be single monofilaments, or alternatively may comprise twin or multiple
monofilaments. The monofillament yarns may be circular in cross-section or otherwise shaped.
For circular monofilament yarns, the yarn preferably has a diameter in the range of approximately
0.1mm to 1mm, even more preferably 0.2mm to 0.8mm, and even more preferably 0.2mm to
0.4mm, and more preferably 0.15 to 0.3 mm and most preferably 0.15mm to 0.25mm. In denier
(grams per 9000 metres of the yarn) the yarn is preferably in the range of approximately 50 to
1000 denier, more preferably 50 to 700 denier, even more preferably 100 to 500 denier, even
more preferably 100 to 300 denier, even more preferably 150 to 250 denier or most preferably
200 to 300 denier. The monofilament yarn may be stretchable or non-stretchable 1n length, and
may be elastic or non-elastic depending on requirements. The netting is relatively lightweight.
The weight of the netting is preferably in the range of approximately 10 to 100 grams per m’,

more preferably 15 to 80 grams per m’, even more preferably 20 to 60 grams per m®, even more
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preferably 20 to 40 grams per m’, even more preferably 30 to 40 grams per m’and even more

preferably 25 to 35 grams per m’* and most mote preferably 30 to 40 grams per m”

The crop protection netting may have a cover factor (as herein defined) of less than 30%, less

than 20%, less than 10%, or less than 5%.

Referring now particulatly to Figure 5 which is a closer view of a small portion of the netting
with three separate monofilament yarns or strands of the netting shown each 1n a different shade,
and Figures 6a-c which each show the path of a one of the three yarns in an individual
intersection in the netting and Figure 6d which shows enlarged an individual intersection circled
by a dashed line again with each yarn or strand shown in a different shade, each Iintersection is
formed by knitting together of three yarn parts (of three yarns extending lengthwise beside each
other) passing through the mntersection:
e 2 first yarn 22 which enters the intersection along a first axis A and exits the mtersection
along the same first axis, so that a first connecting portion 22a to a first adjacent
intersection (of the four connecting portions to the intersection from four immediately

adjacent and surrounding intersections) comprises adjacent lengths of the same yarn 22

e asecond yarn 20 which enters the intersection along a second axis B, passes through (and
around) the loop within the intersection of the first yarn 22, and extends to and returns
from a second adjacent intersection along a third axis C so that a second connecting

portion 20a to that adjacent intersection comprises adjacent lengths of the same yarn 20,

and exits the intersection along a fourth axis D, and

e a third yarn 21 which enters the intersection along second axis B so that a third
connecting portion 21a from a third adjacent intersection comptises portions of both
yarns 20 and 21, passes through the loop in the intersection of the first yarn 22, and exits
the intersection along fourth axis D with yarn 20, so that a fourth connecting portion 24a

to a fourth adjacent intersection comprises portions of both yarns 20 and 21.

Referring now particulatly to Figure 5.1 that is showing a variation on the knit pattern of Figure
5, this variation has extra looping, which is a closer view of a small portion of the netting with
three separate monofilament yarns or strands of the netting shown each 1n a different shade, and
Figures 6.1 a-c which each show the path of a one of the three yarns in an individual intersection
in the netting and Figure 6.1 d which shows enlarged an individual intersection circled by a

dashed line again with each yarn or strand shown in a different shade, each intersection is formed
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by knitting together of three yarn parts (of three yarns extending lengthwise beside each other)
passing through the intetsection:

e a first yarn 122 which enters the intersection and does an extra loop before entering axis
1A, then extends along a first axis 1A and exits the intersection along the same first axis,
so that a first connecting portion 122a to a first adjacent mtersection (of the four

connecting portions to the intersection from four immediately adjacent and surrounding

intersections) comprises adjacent lengths of the same yarn 122

e 2 second yarn 120 which enters the intersection along a second axis 1B, passes through
(and around) the loop within the intersection of the first yarn 122, and then goes behind
the loop created by the first yarn 122 to create an extra loop then extends to and returns
from a second adjacent intersection along a third axis 1C so that a second connecting
portion 120a to that adjacent intersection comprises adjacent lengths of the same yarn

120, and exits the intersection along a fourth axis 1D, and

e a third yarn 121 which enters the intersection along second axis 1B so that a third
connecting portion 121a from a third adjacent mntersection comprises portions of both
yarns 120 and 121, passes through the loop in the intersection of the first yarn 122, and
exits the intersection along fourth axis 1D with yarn 120, so that a fourth connecting

portion 124a to a fourth adjacent intersection comprises portions of both yarns 120 and

121.

The extra looping in figure 5.1 and 6.1 creates a similar net to figure 5 and 6 but the extra looping
gives a reduction in how stretchable the net is and this may in some applications be a more

desired option. A plan view of Figure of 5.1 and 6.1 1s shown 1n Figure 7.1.

Another feature of the netting construction of the preferred embodiment is that each yatn
intersection in the netting 1s connected to adjacent and surrounding yarn intersections by the
connecting yarn portionsl4a-d each comprising at least two yarn lengths. In a preferred
embodiment, each yarn intersection in the netting is connected to adjacent and surrounding yarn
intersections by connecting yarn portions each comprising at least two yarn lengths that are at

least free of knots or loops for 2mm or more in length between the mntersections.

This intersection knitting is repeated at each intersection 1 the netting. Figure 5 shows the path
of individual yarns in a larger portion of the netting. Figure 7 shows a section of the material n

which some mdividual yarns are shown in a contrasting colour from which it can be seen how -
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individual yarns proceed down the length L of the matertal in the warp direction. Arrow L m
Figure 7 also indicates the machine or manufacturing direction. The many individual yarns all
extend along the length of the netting and each yarn follows an approximate lengthwise zig-zag
path path, looping at each intersection in the netting comprising the yam to one side and then to
another side so that 1s linked to the two adjacent pairs of yarns on both sides. Referring to Figure
7 it can be seen that there is a pattern of zig-zags of two yarn parts, such as indicated at 30,
between intersections 14e, with a loop, such as indicated at 31, to one side and then a loop, such

as indicated at 32, to the other side, from successive mtersections.

Netting of the invention may be formed from synthetic yarn of a polymer containing pigments
which give the material desired properties, such as desired light reflective, absorptive and/or
transmission properties for example. In some embodiments, the yarn may be reflective as
previously described, for example by using yarns having a white pigment. This reflection may
provide various benefits to the trees or plants being covered, but may also enhance the visibility
of the netting to mnsects such as pollination mnsects thereby increasing the deterrence ettect of the
netting to insects. For example crop protection netting of the invention may be knitted from yarn
which reflects at least 10% or at least 50% of solar radiation on average across the UV
(wavelength about 280-400 nm), visible (wavelength about 400-700 nm) and very near infrared
(wavelength about 700-800 nm) ranges, and which transmits at least 10% on average of solar
radiation across the wavelength range about 800-2500nm. In some embodiments the yarn may
reflect more solar radiation than it ttansmits and absorbs in the UV, visible, and very near
infrared ranges. In some embodiments the yarn may transmit at least 15% or at least 20% of
solar radiation on average 1n the wavelength range about 800-2500nm. In some embodiments the
yarn may reflect at least 10% on average of solar radiation across the wavelength range about
800-2500nm. In some embodiments the yarn may be knitted from yarn from a resin comprising
at least 4% or at least 8% or at least 10% or at least 12% or at least 14% or at least 16% or at least
18% or at least 20% or at least 25% by weight of at least one white pigment. In some
embodiments white pigment comprises a zirconium, strontrum, barium, magnesium, zinc,
calcium, titanium, or potassium pigment or a combination thereof, such as zirconium dioxide,
magnesium zirconate, calcium zirconate, stronttum zirconate, bartum zirconate, zirconim
silicate, zinc sulphide, calcium carbonate, barium sulphate, magnestum oxide, stronttum
catbonate, bartum carbonate, titanium dioxide, potasstum oxide, potassium titanate or a

combination theteof. The white pigment may be present in the form of particles of size 0.02-5

microns or (.1-3 microns.
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As stated the-crop protection netting of the invention 1s patticularly suitable covering trees or
other plants for insect and bitd exclusion. Particularly, the crop protection netting may be used
over fruit trees including citrus trees to exclude insects that cause pollination in turn producing
fruit with seeds. The netting is also stretchable so that as trees or plants covered by the netting
grow the netting can stretch to accommodate growth. The netting also does not comptise a
relatively high level of knotting in the netting construction, which can add weight to the netting

which weight may undesirably bear on often delicate foliage of covered plants.

Trials

The following description of trials work further illustrates the invention and imn particular
performance of netting of the preferred embodiment of the mvention described above and
illustrated in producing a higher proportion of seedless fruit than prior art insect deterrent
netting. Clementine mandarins produce seedless fruit only if flowers are not pollinated ptiot to
fruit set. The main mechanism of pollination for this variety 1s via bees. A study was undertaken
in a mature Clementine mandarin block to assess the effectiveness of insect deterrent netting of
the invention relative to a standard pillar type construction msect bee deterrent netting of the
type shown in Figure 8, in the prevention of pollination during floweting. Two adjacent rows of
Clementine mandarin trees during the flowering period were covered one with a white colouted
UV reflecting monofilament netting of the invention as described herein and illustrated m
Figures 3 to 6 of mesh aperture size 4mm and 200 denier and the other with a mesh aperture size
of 4x4 mm (across the axes of the generally diagonal netting apertures) and the other with clear
pillar netting as shown in Figure 5 with 3x7 mm apertures. Both nettings were placed before the
first flower was open and removed around 6 weeks later when the last flower had opened and
set. At harvest 200 fruit from each row were assessed for the presence and number of fully
formed seeds. Statistical analysis was carried out using general liners models analysis (NCSS
software). The results are shown in Figure 10. The trees covered with the netting of the invention

produced significantly less fruit with one or more seeds than the trees covered with the standard

pillar net — namely 3% vs 12%, « = 0.05.

The foregoing description of the invention includes preferred forms thereof. Modifications may

be made thereto without departing from the scope of the invention as defined in the

accompanying claims.
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CLAIMS:

1. Crop ptotectic;n netting having a greater length than width and which is of a knitted mesh
consttuct.ionl, knitted such that at yarn intersections in the netting multiple yarns of which the
ﬁetting 15 formed arc knitted around each other to define the netting mesh apertures so that the
netting is stretchable in multiple directions, connecting yarn portions between sai;d yam
intersections extending substantially lineatrly between intetsections, and each yarn intersection in
the netting being connected to adjacent and sutrounding yarn intersections by connecting yarn
portions each comprising at least two yarn lengths that ate at least free of knots ot loops for

2mm or more in length between the intersections.

2. Crop protection netting having a greater length than width and which is of 2 knitted mesh
construction, knitted such that at yarn intersections in the netting multiple yarns of which the
netting is formed are knitted around each other to define the nettung mesh apestures so that the

netting is stretchable in multiple directions, connecting yarn portions between yatn intetsections

extending substantially linearly between intersections, and the yarn intersections of immediately

adjacent rows being staggered rclative to one anothet.

3. Crop protection netting according to claim 1 wherein the yarn intersections in

immediatcly adjacent rows are staggered relative to each other.

4. Crop protection netting according to any one of claims 1 to 3 wherein the netting is

knitted from mulitiple yaras all extending along a length of the netting.

5. Crop protection netting according to any one of claims 1 to 4 wherein in the netting each
varn follows an approximate iig-zag path along the length of the netting, looping at each
intersection in the netting comprising the yarn, to a further netting yarn intersection one on one

stde and onc on another side.

6. = Crop protection netting according to any onc of claimis 1 to 5 wherein each intersection is
formed by knitting together of three yarn parts passing through the intersection:
® a first yarn which enters the intersection along a first axis and exits the intersection along

~ the same first axis, so that a fisst connecting portion to a fitst adjacent intersection

compnses adjacent lengths of the same yarn,

AMENDED SHEET
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® 32 second yatn which enters the intersection along a second axis, passes through the loop
within the intersection of the first yarn, and extends to and returms from a second

adjacent intersection along a third axis so that a second connectng portion to that

10
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20
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30

adjacent intersection compuses -adjacent lengths of the same yarn, and exits the

intexsection along a fourth axis, and

e 2 third yarn which enters the intersection along the second axis so that a third connecting
portion from a third adjacent mtersection comptises portions of both the second and
third yamns, passes through the loop mn the intersection of the first yamn, and exits the
intersection along fourth axis with the second yamn, so that a fourth connecting portion

to a fourth adjacent intersection comprises portions of both the second and thtrd yaens.

7. Crop protection netting according to any one of claims 1 to 5 wherein each interscction is

formed by knitting together of three yarn patts passing through the intersection:

® a first yarn which enters the mntersection along a first axis, firstly creates an extra loop and
exits the mntersection along the same first axss, so that a first connecting portion to a first

adjacent intersection comprises adjacent lengths of the same yarn,

¢ a second yarn which enters the intersection along a second axis, passes through the loop
within the intersection of the first yarn, and then goes behind the loop created by the
first yarn to create an extra loop and then cxtchds to and returns from a sccond adjacent
mtersection along a third axis so that a second comnecting portion to that adj acent

intersection comprises adjacent lengths of the same yarn, and exits the intersection along

a fourth axis, and

-

¢ 2 third yam which enters the intetsection along the second axis so that a third connecting
portion from a third adjacent intersection comprisés pottions of both the second and
third yams, passes through the loop in the intersecnon of the first yam, and exits the
mtetsection along fourth axis with the second yat, so that a fourth connecting portion

to a fourth adjacent intersection comprises portions of both the second and thitd yarns.

8. Crop protection netting according to any one of claims | to 7 whetein each yarn
mntersection in the netang 1s connected to adjacent and sutrounding yarn intersections by

connecting yarn portions each comptising at least two yarn lengths.

AMENDED SHEET
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9. Crop protection nctting according to any one of claims 1 to 8 having a mesh size may be
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in the range of approximately 0.3mm to 20mm.

10.  Crop protection ﬁctting according to any one of claims 1 to 8 having a mesh size in the

range of approximately 2mm to 16mm.

11.  Crop protection netting according to any one of claims 1 to 8 having 2 mesh size in the

range of 4mm to 6mm.

12.  Crop protection netting according to any one of clauns 1 to 8 having a mesh size mn the

range of 3mm to Smm.

13. Crop protection netting according to any one of clains 1 to 8 haviog a mesh size in the

range of 3.5mm to 4.5mm.

14.  Crop protection netting according to any one of claims 1 to 8 having a mesh size of

approxiately 4 mm.

15. ° Crop protection netting according to any one of clams 1 to 14 wherein each mesh
aperture is defined substanually by the knitted yarn on four sides between four looped ot knotted
knit ntersections.

16.  Crop protection netting according to any one of claims 1 to 15 formed from elastic yam.

17.  Crop protection nctting according to any one of claims 1 to 16 formed from

monofilament yarn.

18. Crop protection netting according to clatm 17 wherein the monofilament has a

substantially circular cross-section.

- 19. Crop protection netting according to any one of claims 1 to 16 formed from twin or

multiple filament yam.
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20. Crop protection netting according to any one of clairos 1 to 19 whetein the yam has a

diametet in the range of approximately 0.1mm to Imm.

21.  Crop protection nctting according to any one of claims 1 to 19 wherein the yarn has a

diameter in the range of approximately 0.2mm to 0.8mm.

22.  Crop protection netting according to any one of claims 1 to 19 wherein the yarn has a

diameter in the range of approximately 0.2mm to 0.4mm.

23.  Crop protection netting according to any one of claims 1 0 19 wherein the yam has 2

diameter in the range of approximately 0.15 to 0.3 mm.

24.  Crop protection netting according to any one of claims 1 to 23 wherein the yarn is in the

range of approximately 50 to 1000 denier.

25.  Crop protection netting according to any one of claims 1 to 23 wherein the yam is in the

range of approximately 50 to 700 denier.

26.  Crop protection netting according to any one of claims 1 to 23 wherein the yata is in the

range of approximately 100 to 500 denter.

27.  Crop protection netting according to any one of claims 1 to 23 wherein the yarn is in the

range of approximately 100 to 300 denier.

- 28. Ctop protection netting according to any one of claims 1 to 23 wheremn the yazn 1s in the

tange of approximatelj; 200 to 300 denier.

29.  Crop ptotection netting according to any one of claims 1 to 28 in weight range of

approximately 10 to 100 gréum per m”

30. Crop protection netting according to any one of claims 1 to 28 in weight range of

approximately 15 to 80 gtams per m*
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31.  Crop protection nettng according to any one of claims 1 to 28 in weight range of

approximately 20 to 60 grams per m*

32.  Crop protection netting according to any one of claims 1 to 28 in weight range of

approximately 30 to 40 grams per m™

33.  Crop protection netting according to any one of clavms 1 to 28 in weight range of

approximately 25 to 35 grams per m*

34. Crop protection netting according to any one of clains 1 to 33 which has been produced

on a warp knitting machine.

35.  Crop protection netting according to any one of claims 1 to 33 which has been produced

on a weft msettion warp knitting machine.
36. A canopy sheet matenial according to any one of claims 1 to 34 which is white in colout.

37.  Crop protection netting according to any one of claims 1 to 36 wherein the width of the

material is between about 2 and 20 metres.

38. Crop protection netting of a knitted mesh construcuon which is stretchable in multple

directions, comprismg connecting yarn portions between knitted yarn intetsections which extend

~ substantially linearly between the yam intersections, which is knitted from multiple yarns, and

wherein satd connecting yarn portions between kaitted yarn mtersections each comprse at least
two vatn lengths, the netting having a mesh size in the rangc of approximately 2mm to 10mm, |
the yarn having a diameter 1o the range of approximately (.1mm to 1mm, and the netting having

a weight in the range approximately 10 to 100 grams per m* .

39.  Crop protection netting having a greater length than width and which is of a knitted mesh
construction, knitted such that at yarn intersections in the netting muitiple yarns of which the
netting is: formed are looped around each other to define the netting mesh apertures so that the
netting 1s stretchable in mulaple directions, and wherein connecting yarn portions between said
yarn intersections extend substantially lineatly between interscctons, each intersection bemng

formed by knitting together of three yam parts passing through the intersection:

AMENDED SHEFET
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® a first yarn which enters the intersection along a first axis and exits the mtersection along
the same first axis, so that a first connecting portion to a first adjacent intersection
comprises adjacent lengths of the same yamn, .

* a second yaran which enters the intersection along a second axis, passes through the loop
within the intersection of the first yarn, and extends to and returns from a second
adjacent intersection along a third axis so that a second connecting portdon to that
adjacent intersection comprises adjacent lengths of the same yarn, and exits the
intersection along a fourth axis, and .

e athird yamn which enters the intersection along the second axis so that a third connecting
portion from a third adjacent intersection comptises portions of both the sccond and
third yarns, passes through the loop in the intersection of the first yarn, and exits the
‘intersection along fourth axis with the second yatn, so that a fourth connecting portion

to a fourth adjacent intersection comprises portions of both the second and third yarns.

/

40. A crop protection netting accotding to any one of claims 1 to 39 which s knitted from
yarn which reflects at least 30% solac radiation on average across the UV (wavelength about 280-
400 nm), visible (wavelength about 400-700 nm) and very near infrated ( wavelength about 700-

800 nm) ranges, and which transmits at least 10% on average ot solat radiation across the

Wave]cngth range about 800-2500nm.

41,  Crop protection netting according to claim 39 which 1s knitted from yarn which reflects

more solar radiation than it transmits and absorbs m the UV, wisible, and vexy near infrared

ranges.

42.  Crop ptotection netting according to cither claim 39 or claim 40 which is knitted from

yarn which transmits at least 15% of solar radiation on avetage in the wavelength range about

800-2500nm.

43,  Crop protection netdng according to either claim 39 or claim 40 which is knitted from

varn which transmits at least 20% of solar radiation on average in the wavelength range about

800-2500nm.
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44,  Crop protection netting according to any one of claims 39 to 43 which is knitted from
yﬁm which reflects at least 10% on average of solat radiation across the wavelength range about
800-2500nm.

45.  Crop protection netting accotding to a;ny one of clams 1 to 39 which is knitted from yam
which reflects at least 50% solar radiation on average across the UV (wavelength about 280-400
nm), visible (wavelength about 400-700 nm) and very ncat mfrared (wavelength about 700-800
nm) ranges, and which transmits at least 10% on average of solar tadiation across the wavelength

range about 800-2500nm.

46.  Crop protection netting according to any one of claims 1 to 45 which has a cover factor
of less than 30%. '

47, Crop protection netting according to any one of claims 1 to 45 which has a cover factor
of less than 20%.

48.  Crop protection netting according to any one of claims 1 to 45 which has a cover factor
of less than 10%. |

49.  Crop protecuon netting according to any one of claims 1 to 45 which has a covet factor
of less than 5%.

50. Cn.)p protection netting accoraing to any one of claims 1 to 49 which 1s kmtted from yarn

from a resin comprising at least 4% by weight of at least onc white pigment.

51.  Crop protection netting according to any one of claims 1 to 49 which is knitted from yarn

formed from a resin comprising at least 8% by weight of at least one white pigment.

52. Crop protection netting according to any one of claims 1 1o 49 which is knitted from yarn

formed from a resin comprising at least 10% by weight of at least one white pigment.

33.  Crop protection netting according to any one of claims 1 to 49 which is knitted from yarn

formed from a resin comprising at least 12% by weight of at least one white pigment.
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54.  Crop protection netting according to any one of claims 1 to 49 which is kmitted from yam

formed from a resin cbmpr:ishg at least 14% by weight of at least one white pigment.

p—

55.  Crop protection netting according to any one of clains 1 to 49 which is knitted from yatn

formed from a resin comprising at least 16% by weight of at least one white pigment

56. Crop protection netting according to any one of clains 1 to 49 which is knitted from yarn

formed from a resin compﬁsing at least 18% by weight of at least one white pigment.

57.  Crop protection netting according to any one of claiins 1 to 49 which is knitted from yarn

formed from a resin comptising at least 20% by weight of at least one white pigment.

58.  Crop protection netting according to anf one of claims 1 to 49 which is knitted from yarn

formed from a resin comptising at least 25% by weight of at least one white pigment.

59.  Crop protection netting according to any one of claims 49 to 57 wherein the whitc
pigment comprises a zirconhun, strontium, bartum; magnesium, zinc, calcium, ttanium, or

potasstum pigment ot a combination thereof.

60.  Crop protection netting according to any one of claims 50 to 58 wherein the white
pigment comprises zirconium dioxide, magnesium zirconate, calciuvm zirconate, strontium
zitconate, bariutn zirconate, zirconium silicate, zinc sulphide, calcium carbonate, barium sulphate,
magnesium oxide, strontium carbonate, battum carbonate, titanium dioxide, potassium oxidc,

potassiutn titanate ot a combination thereof.

61. - Crop protection netting according to any one of claims 53 to 60 whercin the white

pigment is present in the form of particles of size (.02-5 microns.

62.  Crop protection netting according to any one of claims 53 to 60 wherem the white
pigment is present in the form of particles of size 0.1-3 microns.
63. Crop protection netting according to any one of claims 1 to 62 wherein the yarn is

formed from polyethylene.
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64. A method which includes supporting over one or more p]anlg(s) a3 a canopy protection

netting according to any one of claims 1 to 63.

65. A method according to claim 64 which includes covering the plant(s) by securing the

netting over the entirety of the plant(s) and securing ot fixing it to the ground surface

surrounding the plants.
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