
EP 0 256 201 B1 Description This invention relates to a mulching film for
repelling Insects, which is effective for repelling insects harmful to
various crops and other plants by covering the ground of plantation during
the summer season 5  and for promoting the lowering of the underground
temperature and for preventing the propagation of weeds. More particularly,
It relates to a laminate mulching film which comprises a reflective film
layer having a ref- lective peak at a wavelength of less than 0.4 [err] and
a reflective spectrum with a ratio [err] of not less than 1.4 wherein RA is
the ultraviolet peak reflectance and [err] is the visible light reflectance
at a wavelength of 0.5 pm, and a black film layer containing carbon black.
10     A mulching film is usually used for the purpose of maintaining the
moisture in the soil, controlling the underground temperature and
preventing a loss of fertlizer components. During the summer season mulch-
ing is effective for maintaining the moisture in the soil and preventing a
loss of fertilizer components, but the underground temperature is
unfavorably raised. This is not desirable for the plants and further causes
the problem of a significant propagation of weeds. 15     The most popular
mulching film is a transparent polyethylene film, but when this mulching
film Is used in the summer season, the underground temperature raises too
much due to the transmission of sunlight and the weeds propagate too
significantly. Hence it Is not suitable for crop culture. Besides, although
a black mulching film Is effective for the inhibition of weeds, it absorbs
the sunlight well and causes a raise in the underground temperature. Hence,
it is not suitable for lowering the underground temperature. 20     In
order to improve the above drawbacks, it has been proposed to use as a
mulching film suitable for the summerseason awhite mulchingfilm containing
titanium dioxide ora silver polyethylenefilm containing aluminum powder,
but these mulching films are still not satisfactory due to an insufficient
lowering of the underground temperature oran insufficient effect In the
prevention of the propagation of weeds. Thus, there is not known any
mulching film satisfying both requirements. 25     In some crop cultures,
there are used films obtained by depositing aluminum or by laminating an
alumi- num foil on a polyethylene film. When these films are used in
practice, the aluminum deposition or aluminum foil is occasionally peeled
off or oxidized and tom to tatters during the use. Besides, they are
expensive. Accordingly, these films are not commonly used. Moreover, a
white and black laminate mulching film has also been proposed (cf. Japanese
Utility Model Publication (Kokoku) No. 38369/1980), but it Is still
insuffi- 30  cient in lowering the underground temperature in the summer
season, while It is effective for the prevention of the propagation of
weeds. It is also known that the above mulching films are somewhat
effective for the prevention of various insects harmful to the crop
culture, such as thrips (e.g. Thrips palmi), aphides (e.g. Aphis gossypii,
Mizus persieae), fruits files (e.g. Zeugodacus cucurbitae), Aulacophora
femoralls, but they are not so effective for 35  repelling other noxious
insects. Under these circumstances the present inventors have intensively
searched for an improved mulching film suitable for crop cultures In the
summer season, which is effective for lowering the underground tem-
perature and the prevention of the propagation of weeds and further for
repelling insects harmful to crops such as thrips (e.g. Thrips paimi) and
aphides (e.g. Aphis gossypil, Mizus persieae). This object has been 40
achieved by the surprising finding that a film having a reflective peak at
a wavelength of less than OA pm and a reflective spectrum with a ratio
[err] of not less than 1 .4 wherein RA Is the ultraviolet peak reflectance 



and [err] Is the visible light reflectance at a wavelength of 0.5 [err] is
remarkedly effective for repelling noxious insects, and that when the film
Is laminated with a black film layer containing carbon black which can com-
pletely absorb the light from the reflective film, there can be obtained a
laminate film which Is excellent in 45  lowering the underground
temperature and in preventing the propagation of weeds. Fig. I shows a
perspective view of one embodiment of the mulching film of this Invention.
Fig. 2 shows a perspective view of another embodiment of the mulching film
of this invention. Fig. 3 to 5 show a sectional view of these mulching
films, respectively. In these figures, the symbols have the following
meaning: I : A reflective film layer containing an inorganic compound, 2: a
black film layer containing carbon 50  black, 3: a transmission aperture,
4: a transmission aperture produced by fusing perforation, 5: a heat sealed
area, and 6 : an air layer. Fig. 6-a and Fig. 6-b each show a graph of
ultraviolet peak reflectance and visible light reflectance re- spectively
at a wavelength of 0.2 to 0.8 pim of the films produced in the Examples of
this invention and in the Reference Examples for the comparison. 50
This Invention provides a mulching laminate film having excellent effects
In lowering the underground temperature and repelling insects, which
comprises a reflective film layer having a reflective peak at a wavelength
of less than OA pm and a reflective spectrum with a ratio [err] of not less
than IA wherein RA is the ultraviolet peak reflectance and [err] is the
visible light reflectance at a wavelength of 0.5 pm and a 2    EP 0 256 201
B1 black film layer containing carbon black. The starting resins used for
the film of this invention include all kinds of conventional thermoplastic
resins. Suitable examples of those resins are ethylene homopolymer or
copolymers such as low-density polyethylene, high-density polyethylene,
ethylene-butene-I copolymers, ethylene-4-methylpentene-1 5   copolymers,
ethylene-vinyl acetate copolymers. ethylene-acrylicacid copolymers,
ethylene-methyl methac- rylate copolymers, ethylene-vinyl acetate-methyl
methacrylate copolymers, ethylene eth  acrylate copolymers, etc. ;
polypropylene ; vinyl chloride resins; and the like. These resins may be
used alone or In combination of two or more thereof. The reflective film
layer of this Invention can be prepared by incorporating into the resin a
specific Inor- 10  ganic compound having a ultraviolet reflectance at a
wavelength of less than 0.4 [err] and a ratio [err] of the refractive Index
of the inorganic compound [err] and the refractive index of the resin [err]
of not less than 1.2, preferably not less than 1.5. The inorganic compound
used In this invention includes any kinds of com- pounds satisfying the
above-mentioned conditions. Specific examples are titanate compounds such
as potassium titanate, calcium titanate, magnesium titanate, barium
titanate, strontium titanate and lithium tita- 15  nate; zirconium
compounds such as zirconium silicate and zirconium oxide. Among these
compounds, potassium titanate, barium titanate, zirconium silicate and
zirconium oxide are particularly preferable In view of the excellent light
reflective characteristics and weatherability of the film. The inorganic
compounds may be used in the form of powders or whiskers. The form of
whiskers Is preferred In view of the excellent strength and light
reflective characteristics of the film. When the ratio of 



20  [err] is less than the above lower limit, the film is unfavorably less
Insect-repelling. The resins used in the reflective film layer and the
black film layer may be the same or different. The coloring agent for the
black film layer is preferably carbon black. The laminate film of this
invention can be prepared, for example, by the following steps. A
thermoplastic resin composition and at least one of the inorganic compound
in the form of a powder 25  or whisker are mixed and kneaded in a
conventional Banbury mixer, two roil kneader or extruding kneader, where
the resin is molten and thoroughly mixed with the inorganic compound. The
kneaded composition thus prepared and a resin composition containing carbon
black are formed into a two layerfilm by a co-ext- ruding film processing
method, that is, by extruding them separately from two extruders provided
with a two layer extruder die. The two layer film may also be prepared by
treating separately an Inorganic compound- 30  containing resin composition
and a carbon black-containing resin composition with a conventional proces-
sing machine as usually used In blown film processing, T-die film
processing or calender processing, or by a two color tubular film
processing method, that is, by extruding separately each resin composition
from two extruders provided with a specific two color blown film die
wherein one half of the periphery of the film tube is composed of the
inorganic compound-containing resin composition and the other half thereof
is com- 35  posed of the carbon black-containing resin composition. Among
these methods, the two color tubular film processing method is preferable
because a step of piling up the two film layers as mentioned below is not
required. The inorganic compound-containing film and the carbon
black-containing film as prepared above are piled up and then the films are
adhered by subjecting them to heat sealing or with a hot melt adhesive to
40 give the desired two layer laminate film. The inorganic
compound-containing film and the carbon black-containing film are each
preferably made in the most suitable thickness, taking into consideration
profitability and easy handling. The preferred thick- ness of each film is
5 to 35 [err]. The whole thickness of the co-extruded or adhered film Is
preferably in the range of 10 to 75 [err]. 45      The amount of the
inorganic compound in the reflective film layer is not particularly
critical but may pref- erably be in the range of 0.5 to 30% by weight, more
preferably 5 to 30% by weight, based on the whole weight of the inorganic
compound-containing film layer in view of high near-inrared and ultraviolet
reflec- tions. The amount of carbon black used for the black film layer Is
preferably in the range of 2 to 10% by weight based on the whole weight of
the carbon black-containing film layer in view of the complete adsorp- so
tion of sunlight. The co-extruded or adhered two layer laminte film has
preferably transmission apertures having a diameter of 0.3 to 10 mm and an
aperture ratio of 0.1 to 5%, by which the lowering of the underground tem-
perature is more effectively achieved. The transmission apertures can be
made at the same process line as in the film processing or by sepa- 55
rately passing another line for perforation. The apertures can be made by a
conventional method, such as punching or needling with hot needles. In the
case of an adhered two layer laminate film, the needling with hot needles
Is preferable because the perforation and adhesion of the area surrounding
the apertures can simultaneously be effected. The transmission apertures
are preferably formed In a diameter of 0.3 to 10 3  



EP 0 256 201 B1 mm, more preferably 0.5 to 3 mm, and an aperture ratio of
0.1 to 5%. When the diameter and ratio are lower than the lower limits of
the above ranges, the lowering of the underground temperature Is not
sufficiently effected, and on the other hand, when they are over the upper
limits, It exhibits unfavorably less inhibition of the propagation of
weeds, while the lowering of the underground temperature is well effected.
5       The mulching film of this invention can reflect well the
near-infrared rays by the reflective film layer and thereby the raising of
the underground temperature is well Inhibited, and can absorb completely
sunlight by the black film layer and thereby can prevent well the
propagation of weeds. Moreover, the reflective film layer has ultraviolet
and visible light reflectivity at a specific wavelength and hence exhibits
a repelling effect against various harnful insects such as thrips (e.g.
Thrips palmi) and aphides (e.g. Aphis gossypii, Mizus 10 persieae), and is
particularly useful for a flat land culture of lettuce which Is usually
cultured at a cool high land in the summer season, .and for a culture of
cucumber which is cropped both in summer and in autumn, and for a culture
of late-raising tomatoes and spinach. When the mulching film has
transmission apertures, it shows excellent lowering effects on the under-
ground temperature owing to the promotion of the permeation of air through
the apertures. In the case of 15 the two layer laminate film prepared by
the heat sealing method or needling with hot needles, an inter- mediate air
layer is provided between the two film layers, and hence, the property of
lowering the under- ground temperature is more improved in comparison with
the two layer film prepared by the co-extrusion method. This invention Is
Illustrated by the following examples and reference examples but should not
be con- 20 strued to be limited thereto. In the examples and reference
examples, the measurement of the underground temperature, propa- gation of
weeds and the insect - repelling test were carried out in the following
manner. The film was applied formulching onto a ridge (width :1 m, length:
10 m, height: 20 cm). A thermometer was set at 5 cm depth from the surface
of the ground in order to measure the underground temperature. 25
After 30 days from the mulching, the slate of the propagation of weeds was
observed by checking the state of weeds on the ridge. The Insect-repelling
effect was measured by counting the number of Thrips palmi or Aphis
gossypii, (per 40 leaves) in a culture of kidney beans for 30 days within
the mulching. 30 Example I A mixture of an ethylene-butene-1 copolymer
[density: 0.921 g/cm3, melt index (Ml): 2 g/10 min., ref- ractive index
[err]: 1.51] (100 parts by weight), potassium titanate whiskers([err] D,
[err], man- ufactured by Otsuka Kagaku K.K., refractive index (nA): 2.4)
(20 parts by weight) and glycerine 35 monostearate (as a dispersing agent)
(0.3 part by weight) Is kneaded in a 5 liter Banbury mixer at a resin
temperature of 150 - 160C for 10 minutes and then extruded from an extruder
to prepare granular pellets (the resulting composition is hereinafter
referred to as "Resin Composition A"). The same ethylene-butene-1 copolymer
(100 parts by weight) as used above, carbon black (5 parts by weight) and
glycerin monostearate (as a dispersing agent) (0.1 part by weight) are
kneaded and extruded in the same manner as described above. The resulting
granular pellets are referred to as Resin Compo- 



sition B". The Resin Composition A and Resin composition B obtained above
are separately processed with a two layer film blowing apparatus provided
with two extruders and two layer dies at a melting zone tempera- ture of
220C and a die temperature of 200C. The Resin Composition A and Resin
Composition B are mol- 45  ten and adhered within the two layer dies to
give a two layer laminate film. The film thus obtained has a thickness
ratio of Resin Composition A/Resin Composition B layers of 1/1 and a total
thickness of 30 pm. The film has a ratio [err] of an ultraviolet peak
reflectance [err] and a reflectance at a wavelength of 0.5 pm [err] of
1.71. The physical properties and activities of the film were tested with
the Resin Composition A at the outside 5o  of the laminate film. The
results are shown in Table 1. Example 2 In the same manner as described in
Example I except that a low density polyethylene (density : 0.923 55
[err] MI: 1.5 g/10 min., refractive index (no): 1.51, 100 parts by weight),
potassium titanate whiskers ([err] D, [err]. manufactured by Otsuka Kagaku
K.K., refractive index (nA) : 2A, 10 parts by weight) and glycerin
monostearate (as a dispersing agent, 0.3 part by weight) are kneaded and
pelletized, there are obtained granular pellets (Resin Composition C).
Besides, by using the same low-density polyethylene, 4    EP 0 256 201 B1
carbon black and glycerin monostearate, granular pellets (Resin Composition
D) are prepared likewise. The Resin Compositions C and D are processed in
the two layer film blowing apparatus in the same manner as in Example I to
prepare a two layer film. The physical properties and activities of the
film were tested, and the results are shown in Table 1. 5 Example 3 The two
layerfilm as prepared In Example 2 Is perforated with hot needles to give a
two layer perforated film having an aperture diameter of 1.5 mm and an
aperture ratio of 0.2%. 10      The physical properties and activities of
the film were tested, and the results are shown In Table 1. Example 4
Ethylene-butene-1 copolymer [density: 0.921 [err], MI : 2 g/10 min.,
refractive index [err]: 1.51) (100 15  parts by weight), potassium titanate
whiskers [err] L, [err], manufactured by Otsuka Kagaku K.K., refractive
Index [err] : 2.3) (5 parts by weight) and glycerine monostearate (as a
dispersing agent) (0.3 part by weight) are mixed in a 5 liter Banbury mixer
at a resin temperature of 150 - 1600C for 10 minutes and pelletized with an
extruder to give granular pellets (the resulting composition is hereinafter
referred to as "Resin Composition E). 20      The same ethylene-butene-I
copolymer (100 parts by weight) as used above, carbon black (5 parts by
weight) and glycerin monostearate (as a dispersing agent) (0.1 part by
weight) are kneaded and extruded in the same manner as described above. The
resulting granular pellets are referred to as "Resin Compo- sition F. 



The Resin Composition E and Resin composition F obtained above are
separately processed with a 25  two color blown film processing machine
provided with two extruders and two color dies at a melting zone
temperature of [err] and a die temperature of [err] to give a two color
film wherein one half of the periphery of the tubular film Is composed of
Resin Composition E and the remaining half of the periphery is composed of
Resin Composition F. The film thus obtained has a total thickness of 15
[err]. The tubularfilm is folded atthe contacting line of the layerof Resin
Composition E and the layerof Resin 30   Composition F and the layers are
piled up. The film is then perforated with a fusing perforation machine
with an aperture ratio of 0.2% (aperture diameter: 1.5 mm) and the areas
surrounding each apertures are heat-sealed to give a perforated laminte
film. In the film thus obtained, the areas surrounding apertures are
heat-sealed and other areas are merely piled, and hence, the latter areas
Include an air layer. 35      The physical properties and activities of the
film were tested. The results are shown in Table 1. Example 5 In the same
manner as described in Example I except that zirconium silicate (A-[err],
[err] :65.7 wt.% 40  and SiO2: 33.3 wt.%, manufactured by Kinsei Kogyo
K.K., refractive Index (nA): 1.8, 20 parts by weight) Is used instead of
potassium titanate whiskers, there Is obtained a two layer laminate film.
The physical properties and activities of the film were tested, and the
results are shown in Table 1. Example 6 45 In the same manner as described
In Example 1 except that powdery potassium titanate having an aver- age
particle size of 2.5 [err] ([err], manufactured by Kubota Tekko K.K.,
refractive index [err]: 2.4, 20 parts by weight) is used instead of
potassium titanate whiskers for the preparation of Resin composition A,
there Is prepared a two layer film. so      The physical properties and
activities of the film were tested, and the results are shown in Table 1.
Example 7 In the same manner as described in Example 1 except that
zirconium oxide (EP zirconium oxide, 55  [err] :99.5 wt.% and [err] :0.2
wt.% manufactured by Daiichi Kigenso Kagaku K.K., 20 parts by weight) is
used Instead of potassium titanate whiskers for the preparation of Resin
Composition A. there is prepared a two layer film. The physical properties
and activities of the film were tested, and the results are shown In Table
1. 5    EP 0 256 201 B1 Reference Example I Using the Resin Composition B
as used In Example I alone, there is prepared a single layerflim having a
thickness of 30 [err] with a conventional blown film processing machine. 5
The physical properties and activities of this film were tested. The
results are shown in Table 1. Reference Example 2 Using an
ethylene-butene-1 copolymer (density: 0.921 [err], MI: 2 g/10 min.), there
is prepared a 



10  transparent film having a thickness of 30 [err] with a conventional
blown film processing machine. The physical properties and activities of
this film were tested. The results are shown in Table 1. Reference Example
3 15     In the same manner as described in Example I except that powdery
titanium dioxide (rutile type, 20 parts by weight) is used instead of
potassium titanate used in the preparation of Resin Composition A, there Is
prepared a two layer laminate film. The physical properties and activities
of the film were tested. The results are shown in Table 1. 20  Reference
Example 4 In the same manner as described in Example I except that powdery
aluminium (20 parts by weight) is used instead of potassium titanate used
in the preparation of Resin Composition A, there is prepared a two layer
laminate film. 25      The physical properties and activities of the film
were tested. The results are shown in Table 1. As Is clear from Table 1,
the mulching films of this invention have superior effects in the
inhibition of a raise in the underground temperature and In repelling
insects In comparison with the conventional mulching films, and further,
the mulching films of this invention also show excellent effects in the
prevention of the propagation of weeds. 30 35 40 45 50 55    EP 0 256 201
B1 [err]    EP 0 256 201 B1    EP 0256 201 B1 Claims 1. A mulching film for
lowering of the underground temperature and for repelling insects, which
corn- prises s   - a reflective film layer having a reflective peakata
wavelength of less than OA [err] and a reflective spectrum with a ratio
[err] of not less than 1.4 wherein RA= ultraviolet peak reflectance and 



[err]= visible light reflectance at a wavelength of 0.5 [err], and - a
black film layer containing carbon black. 2. The film according to claim 1,
wherein the reflective film layer is a layer of a thermoplastic resin con-
10  taining an inorganic compound. 3. The film according to claim 2 wherein
the Inorganic compound Is a titanate compound. 4. The film according to
claim 2, wherein the Inorganic compound is a zirconium compound. 5. The
film according to claim 1, which is a laminate fim prepared with a
co-extruding film processing machine provided with a two layer extruding
die. 15      6. The film according to claim 1, which is a laminate film
having transmission apertures of an aperture diameter of 0.3 to 10 mm and
an aperture ratio of 0.1 to 5%. 7. The film according to claim 1, which is
an adhered two layer laminate film comprising a reflective film layer of a
resin composition containing an inorganic compound and a black film layer
and having transmis- sion apertures of an aperture diameter of 0.3 to 10 mm
and an aperture ratio of 0.1 to 5% which is prepared 20 by subjecting a
film obtained by piling up the reflective film layer and the black film
layer to a fusing perfor- ation, said adhered film being adhered at the
area surrounding the apertures and having an intermediate air layer at
other area. 25  Ansprfiche 1. Elne Abdeckfolie zum Herabsetzen der
Untergrundtemperatur und zurAbwehrvon Insekten, enthal- tend - eine
reflektierende Foiienschicht mit elnem Reflexionsmaximum bei einer
Wellenlfinge von weniger als 3o   0,4 pm und einem Reflexionsspektrum mit
einem Verhaltnis RAJR3 von mindestens 1, 4, wobei RRA der maximale
Reflexionagrad im Ultraviolett-Bereich und PRB der Reflexionsgrad im
sichtbaren Bereich bei elner Wellenlinge von 0.5 PM ist und - eine schwaeze
Folienschicht, die Ruft enthalt. 2. Die Folie nach Anspruch 1, wobel die
refiektlerende Fodienschicht eine Schicht aus einem thermo- 35  plastischen
Harz ist das elne anorganische Verbindung enthalt. 3. Die Folie nach
Anspruch 2. wobel die anorganische Verbindung sine Titanatverbindung ist.
4. Die Folie nach Anspruch 2, worin die anorganische Verbindung elne
Zirkoniumverbindung ist. 5. Die Folie nach Anspruch 1, welche als
Schichtprelstoff vorliegt der mit einer Co-Extrusionsfolien- maschine mit
einer Zweischichtenstrangpreolfobm hergestellt wurde. 40      6. Die Folie
nach Anspruch 1, welche einen Schichtprelostoff darstellt, der
DurchlaBffnungen mit einem Durchmesser von 0,3 bis 10 mm und einem
6ffnungsverhlitnis von 0.1 bis 5% aufwest. 7. Die Folie nach Anspruch 1,
welche einen zweischichtigen SchichtpreBstoff darstelt enthaltend eine
reflektierende Folienschichtaua einem Harz, daseine anorganische Verbindung
enthailt, und eineschwarze Folienschicht und DurchlaB8ffnungen mit einem
Durchmesser von 0,3 bis 10 mm und einem 6ffnungsver- 45   hlitnis von 0.1
bis 5% aufweist, die hergestellt wurde, indem man eine Folie, die man durch
Aufeinander- schlchten der refleticerenden Folienschicht und der schwarzen
Folienschicht erhalten hat einer Schmelzperforation unterwirft, wobel die
zusammenhaftenden Schichten an den Bereichen um die 6fnun- gen herum
aneinander haften und in anderen Bereichen eine Luftzwischenschicht
aufweisen. 50 Revendications 1. Un film de paillage pour abaisser la
temperature du sous-sol et pour repousser les insectes, qui 



comprend 5s   - une couche de film r6flecteur ayant un pic de r6flexion a
une Iongueur d'onde de moins de 0.4 Pm et un spectre de r6flexion avec un
rapport PAiR non Infdrieur A 1,4 oO RA = pic de reflectance de rultraviolet
et = r6flectance de la lumiere visible a une longueur d'onde de 0,5 pm et 9
- une couche de film doir contenant du noir de carbons. 2. Lefilm selon Ia
revendication 1, salon lequel la couche de film reflecteurestune couche
dune resine thermoplastique contenant un compose Inorganique. 3. Le film
selon la revendication 2, salon loquel le compos6 Inorganique est un
compose titanate. 5      4. Le film salon la revendication 2, solon lequel
le compose inorganique est un compos6 de zirconium. 5. Le film salon la
revendication 1, qui est un film stratiff6 prepar6 A laide d'une machine de
traltement du film par co-extrusion 6quip6 d'une filiere dextrusion de deux
couches. 6. Le film salon la revendlcation 1, qui ost un film stratifl6
ayant des ouvertures de transmission d'un diametre d'ouverture de 0,3 A 10
mm at un rapport d'ouverture de 0,1 A 5%. to     7. Le film salon la
rewvndication 1, qui est un film stratlfie a deux couches comprenant une
couche de film refiecteur d'une composition de r6sine contenant un compose
Inorganique et une couche de film noir et ayant des ouvertures de
transmission d'un diametre d'ouverture de 0,3 A 10 mm et d'un rapport
d'ouver- ture de 0,1 A 5% qul eat pr6pare an soumettant un film obtanu par
empilage de la couche de film r6fiecteur et de la couche de film noir A une
perforation parfusion, ledit film adh6r6 6tant adh6r6 au niveau des
surfaces ts  entourant les ouvertures at ayant une couche d'air
hntenmidiaire dans d'autres surfaces. 20 25 30 35 40 45 50 55 10    


