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(71) We, TAKASAGO PERFuMERY containing copper are generally usCd. for con-
. CO., LTD., a Japanese Company, of No./trolling this infection, but ·the best way to 
4-1, HatchoborU-Chome, Chuo-Ku, Tokyef, avoid the above infection is to permit the 50 
Japan, do ·hereby ·declare. the invention· for coffee plants to grow to a large size "'.hilst 

· . 5 \Vhich we pray that a pan:nt may be granted. keeping them healthy. .• . . . .. 
to us, and the method by which it is to be Typical infections in cacao include mch 
performed, to be . particularly described in plant disea.ses as witches' broom caused by 

·and by the following statement:-- Marasmium. perniciosus and white root disease 55 
. This invention relan=s to a fungicide for caused by Rigidoporus lignosis. In particular, . 

10 use against fungi attacking vascular crop witches' broom causes a great deal _of damage, 
plants. . · and the whole ~ of. cacao Ofn=n acquires 

· Many ·controlling agents agilillSt pathogenic a "broom-like" ~ppearance if the control of 
fungi which attack crops . haVe been well this disease is insufficient. Fungicidal agents 60 
known. However,· there are problems in. their which sufficiently control this infection have 

15 efJects on controlling Fusarium fungus which not yet been . developed, and ~e only way 
causes root-rot of black pepper; methyl·- l - to control this infettion presently available 
(butyl - carbamoyl) - 2 ... benzimidazol - is to cut off the infecn=d portions. . . 

. carbaman=, niarlten=d by E. I. ·nu Pont as a It is said that the root-rot of black pepper 
· · wettable powder Under the trade mark "Ben- is caused by the invasion of Fusarium fungus, 

20 late", is, for example,- actually used but with a soil micro-organism, from the eut end of 
unsatisfactory effect. · a cutting or from a wound caused by a nema-. 

Moreover, for controlling downy mildew tode, which fungus propagates itself in vessels 
(Pseudoperonospora humuli Wil!;on) .of hop, to close the same, thereby stopping the growth 
organic phosphides have been used and rec- of the pla~t or producing poisonous gas, so 

. 25 ently antibiotic •agents such as kasugamycin that the roots 0r sn=ms are attacked and finally 
and polyoxin have been studi~ Howevet, leaves_ fall off the plant and clies.. When 
none of these can provide satisfact<>ry mildew a pepper plant is attacked with the ~-rot, 
control. · . . . ·.-· .. :· .. · . . . it .takes about 2 to 3 years before its symp-

It- has been repc;ned that guni trees su1fet. toms can be confinned, by which time it is 
30 seriotls damage due to rilOuldy. rm: caused by - too late to cure the disease; therefore, the . 

Ceratocystis · fimbriata. The mouldy · rot due . only treatment is for the dise8.$ed. plant to :he 
to C. fimbria,ta generally occurs. together .with dug up and burned to ash in order to prevent 
olive brown mycelium when the ~k of gum the infection . from spreading. There is a 
trees is cut. for collecting a gugi·.milk and,. gn:at need ·for an effective fungicide· against 

35 . afn=r infection with these fungi, the (:Ut PQrtioo root-rot. · 
becomes hardened and the bark ,Pt ci>llecting We have now found that a compound hav-
the gum milk is no longer. ~cetl · . . ing the general fonnula: ' 

ln. the paSt, a dilute · aqueous,. Solµtion .of .. 
' . Benlate wettable powder or Difolt«Jn (N:-~-

40 chloroethyl thiotetrahydrophthaliin1de) bas 
been sprayed Or applied to me ... cut ~on 
to control these infectious fungi,~<· but the 
fungicidal effect of these agents. bas n.ot 

~5 · tx:'h ~d~:tebiown that cOflee. ptanis suff~ 
serious damage due to an. infection caused 
by Hemileia mstatrix and, in particular, the· 
damage is remarkable in fiat land. Agents 

wherein R 1, R2 and R3 
· are each a· hydrogen 

atom or an alkyl radical having 1 to 3 carbon' 
atoms, is effective for controlling path~c 
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fungi which attack vascular plants, for example together with a surface.,active a~t, which 

fungi such as Fusariwn which causes root-rot solution can be emulsified in· water before 

of the pepper plant, downy mildew which use. For use, it)s preferred .that the em~i-: 

2 

. attacks hop, C. fimbriate which causes mouldy fiable concentrate is. diluted with . water to 

5 ~ot of tbC guµi tree, H. vastab"ix which causes about 1/200 to 1/20,000 solution for spray- 70 

orange .rust of the coffee plant, M. perniciosus ing. Excellent results are ri~tained through • 

which· causes witches' broom, Botrytis cinerea the absorption of the active . ingredient by · -

. Pers whkh attacks the strawberry plant, directly treating the plant bodies with a solu- V 
Altemaria kikuchianae which attacks pear, . tion of a concentration of ·about 1/7,SOO to 

10 PiricUlaria oryzae which attacks rice, Clado- 1/10,000 or by . injecting the solutioo. into 75 

spf:wum. ·"ful'IJum which attacks· tOinato, Fusar- the plant bodies, particularly the cut end of 

ium · bxysporum which attacks tomato and a stem or branch. 

Venturia inaequalis which attacks apple, and Solvents which may be suitably used in the 

is also effective when applied to the soil for· composition are · one or more organic com-

15 controlling a wide range of pathogenic fungi pounds such as alcohols (e.g., ethyl alcohol, 80 

which attack vascular plants. ~opylene glycol or diacetone alcohol), ketones 

The compQl1ruts used. as . fungicides· in this (e.g., acetone or methyl ethyl ketone), ·. ali-

inventioil are those having a trop0lone Skele- phatic hydrocarbons (e.g. hexane or petroleum 

tOiL The general fonnula described above .in benzine), aromatic hydrocarbons (e.g., beniene 

20 which R1 , R2 and R3 are each a hydrogen or toluene), halogenated hydrocarbOn.s (e.g., 85 

atom represents tropolone; that in which R1 chloroform or dkhloroethane) and esters (e.g., 

is an isopropyl radical and R2 and R3 are ethyl acetate or butyl acetate). 

each a hydrogen atom represents a-thujaplicin; Solid carriers. which may be used in the 

that in whkh R2 is an isopropyl radical and composition include vegetable. powdets (e.g., 

25 R1 and R3 are each a hydrogen at()in rep- soybean powder, wheat flour and wOod meal), 90 

resents P-thujaplicin (hinokitiol); ·and that in mineral powders . (e.g., clays such as kaolin, 

which R3 is an isopropyl radical and It1 and bentonite and acid clay, talcs such as talc 

~-,-·-- R2 are each a. hydrogen atom representS 1- poWder and agalmatolite and other siliceous 

thujaplicin. · ·. · powders such as .diatomaceous earth and mica. 

30 Hinokitiol is natiJ.rally present in FOrm.osan powder) as w_ell as alumina and active carbon. 95 

hiiloki. oil, Japanese hiba oil and Western red They may be used alone or ail a ntixture. 

cedar oil. a-", · P- and y-thujaplicins have all SUrface ·active .agents used as an emulsify-

beeil described as having illltifungal prOperties ing agent . or a dispersing agent in the con. 

(see Dictionary of Organic Compounds, 5 centrate include non-ionic surface active agents . 

35 (1965), page 3060). such as polymtyethylene fatty alcohol ethers, 100 

. A process for synthesizing these compounds polyoxyethyleile alkyl aryl ethers, polyoxy­

is disclo!ied by Dr. Bartlett in lJ.S. Patent ethylene fatty acid esters, polyoxyedlylene 

No. 3,448,lSS. According to this process, sorbitan fatty acid esters, polyoxyethylene 

tropolone• is produced by· reacting cyclopenta.- alkyl ether ph()sphate, polyxoyethylene fatty 

40 dierie directly with dichloroacetyl chlpride: · acid amines and amides, poly~ylene alkyl. .105 . 

Thujaplicin is. obtained by reacting cyclo- phosphate, polyoxyethylene alkyl aryl ether 

pentatiiene ·with • isopr~pylbromid~ to prod~ce phosphate; polyoxyethylene alkyl aryl phos- · 

1sopropyl cyclopentad1ene, reacting it With pba:te, glyceryl · fatty acid monoesters; and 

dichloroacetyl chloride ap.d · treating With glycol fatty acid· esters; casein, gelatin, veget-

45 glacial· acetic acid and SOO.ium acetate. All able gums· such as gum .arabic and gum HO 

of· the above products are in the form ·of . tragacanth, ~nd carbohydrate dispersing agents · 

crystals. · · . . sUch as dextrin.· These agem:s. also serve, when 

The fungicidal composition of the invention . applied to plants, as a film-f onning substance. 

contains as active ingredient at least · one · The ~nt: composition may, be used . in 

50 compound aecording to the aforesaid general adni.ixture ·with another g.ermicide, insecticide, 115 

formula and is in the form of a liquid einulsi- · traee element, perfume or other additive. · 

fiable concentrate which contains . 2 . to 2S% The present ·composition may be applied , 

by weight of active ingredient or in the by directly diJ>'.'.treatitig plants in a dilute. 

form of solid granules which incorporates a aqueotis solution of the fungicide, spraying 

55 solid carrier and contains 0.1 to S% by weight or spreading on the surfaC:es of plants, directly 120 

of active ingredient. · injecting. into plant!! or spraying or spreading 

The invention also provides a method of on soil for the purpose : of sterilizing ~­

controlling a fungus di~ase of a vascular The rate of. use of the fungicide: of this 

plant which comprises applying a preparation in\1entioni the -amolint·· of .·any. ·other· .agents· 

60 containing a tropolone of the aforesaid general used therewith and the ratio thereof depend.., 125 · 
fonm$ to the sUrface of the plant, injecting on various factors such . as the kind . of plarit 

it into the plant or applfing it to the soil to be treated; its growth stage, growth state, 

iil vvhich the plan.ts are. growing; . cultivation method, kind Of disease, state of 

·An ertiulsifiable concentrate is .a solution appearance of disease, tinie of applying the. 

65 of one or more of the aforesaid tropolones agent, environmental conditions, method of 130 

. .....: 
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application and economical use of·ilie.agent. 
The following Examples l· to· 5· illustrate 

the ·preparation of compositions ac'cording · to 
the invention. Examples 7, 8 .and 12 give .the 

\._., 5 results of 'Jaborarory test'S of antifurigal activity. 
~ The other Examples show the antifungal use 

.,,,: .· of rompositions and methods of the present 
-~v!iivention. .. ..· 

·· EXAMPLE 1.. ·· · .. · · 
10 SSO GriunS of isopropyl alci>hol and 200 g 

of xylene were mixed with polyoofyethylene 
nonylphenyl ether (marketed under the trade 
mark "Nikkol-NP-10" by Nikko Otemical 
Co;, Ltd.), in which lSO g of /3-"thujaplicin 

. 15 was dissolved with heating to·· produce an 
emulsifiable conceritraTC. · · · ; 

EXAMPLE 2. · · ·-
. SO Grams of · y-thujaplicin were dissolVed 

with heating in soo g of ptopylene glycol, 
20 with which 200 g of polyoxyethyleile oleyl 

ether (marked Un.der the · ~e · mark 
· "Nikkol-'"B0-7" by Nikko· CJtemical Co;, 

Ltd.) and 2SO g of water was mixed and 
dissolved to· produce an emulsifiable concen-

25 trate. 

EXAM~LE 3. . · . . . 
An aqueous solution was ~ which 

comprised 600 g of a 30% aquel>Us solution• . 
of gum arabiC,. 80 g of propylene g!yeol and 

30 170 g of water. An oily solution was· made 
by dissolving with heating 20 g of tropolone 
in 110 g turpentine oil and 20. g of natural 
. resin. ·The aqueous solution · ~ vigorously 
stirred while the oily solution was ~dded diop-

35 wise therein and thoroughly miXed to forin 
therein oily droplet'S. The resul~nt composi­
tion was an emulsifiable concentrate. 

EXAMPLE 4; 
400 Grams of methyl alcohol,· 450 g of 

40 . diacetone alcohol and ·SO g of f'Tween-80" 
(Atlas Co., Ltd., polyoxyethyle.ie · sorbitan 
mono-oleate) were mixed, in whjch SO g of · 
,8-thujaplicin and 50 g of y-thujaplicin were 
dissolved, to produce an emulsifiable concen-

45 trate. . 

... EXAMPLE 5. _j __ . . 
10 Grams of tropolone and .3.(l g of glyceryl 

monostea):'ate were pulverized and ;mixed; they 
were further thoroughly inixed with 960 g of 

50 powdered talc, to produce unifomi granuleil. 
The following Examples illustt,ate the use 

of the compositi0n of the inventi9D. 

.. 55 

. .. . .. ···;-····· 

EXAMPIJ! 6; .· . 
A Barancotto kind of pepper ·(Piper nigi-um· 

L.) was used as a test plant; sapJ,ings thereof 
were kept uninfected so as to avOid effects 
caused by other pathogenic fungi. The~ 

· ·they were inocUlated with Fusarium fungi. 
Comparison Mis made between plants injected 

. ' 

with thujaplicin and those untreated. At the 60 
time when the difference ·iI('growth was ob­
served; both groups of the above plant'S were 
taken out of the· soil, their roots were washed 
with water and the effect resulting from 
thujaplicin treatment was studied. 65 

More specifically, from among 20 plants 
to be. tested which were cUltivated for layer-
ing sapling, 9 plants of about the same size· 
were selected and transplanted in large pots; 
After confirming that they took root, Fusarium 70 
fungus which was separately cultured was 
.soil-iiloculated ·for all of the 9 plants. The 
inoculation was made in such a manner that 
the surrounding soil was dug out slopewise · 
and 100 ml of a bran medium containing 75 
Fusarium fungus was ppured into each of the 
11 pot'S. . 

Thujaplicin treatment was effected as. fol­
lows: ampoules were us~d containing· about 
1/10,000 -~lution of a 50:50 mixture of 80 
y-thujaplicin and P-thujaplicin; the mouths 
of the ampoules were ·opened and then in­
serted upside down into the· cut ends. of 4 
pepper branches (the diameter of the cut 
end of ·branch and that of the motith of · 85 
ampoule were approximately the same), and 
a synthetic resin adhesive was applied around 
the periphery of the ampoule mouth and· cut 
erid of branch so as to prevent leakage of 
the thujaplicin solution. 90 

The thujapliciri treatment was effected about 
1 week after the inoculation of Fusarium 
fungus. After the treatment, Changes with time 
of untreated plant'S and treated plants were 
observed. One of 5 untreated plants shed 95 
leaves and. died only one month after the 
inoculation.' On the 133rd day after the inocu­
lation with Fusarium fungus, the remaining 
8 plants which survived were taken out and 
their rhizomes were washed with water. 100 

On -soil-inoculating with Fusarium fungus, 
the symptoms firstly appeared in a part of 
roots, which diseased root'S turned to brown 
black. With.thujaplicin-treated plants, diseased 
roots turned to black but new roots were l 05 
very healthy and had many branched roots. 
With untreated plants, scarcely any ~ roots 
or branched root'S were observed. · 

From the· above facts, it is apparent that 
thujaplicin prevented the growth of Fusarium 110 
fungus in . living plant bodies, which effect 
could be readily deduced from the states 
of growth of overground and underground 
pans. The growth of the overground part, 
of course, depends upon that of the under- 115 
ground part and thus 4 plants not treated 
with thlijaplicin were jilst before death already 
presenting deciduous phenomenon, while 4 
treated plants put forth new buds; Moreover, 
the effects of thujaplicin were sufficiently 120 
proved in that standard plants (not inoculated 
with Fusarium fungus and not treated with 
thujaplicin) grew healthily without falling of 
the leaves: 
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The microscopic examination was perfonned 
as follows. Sections were prepared by_ trans- -
versely cutting the stem at a point about S 
cm above the ground and- subjected to the 

5 ·- _ microscopic examination with the following 
results: 
(1) Untreated infected. plants, _ 

In some of the vessels hyphae were :observed 
(but not conidiospores) and cell walls turned 

10 to brown. In the ground pa.rt, hypbae spread 
in the vessels- and _further to the_ -cortex part 
but did not spread tQ. the · external pan 
thrO(lgh _the epidermis .. With vessels in which. 
hyphae were nOt: observed, it was often ob-

15 ~ed that their -cell walls· turned to brown 
and call~like substances clogged tliem. 
(2) Uninfeeled plants. -- · -- . -- --· 

The stems remained healthy without tu.ming 
to black and hyphae were- not o~ · in 

20 vessels or epidermis. The roots were_ healthy 
but big roots had small swellings at several 
portiOns and nematodes were observed therein. 
(3) Thujaplicin-treated plall'tS. -

In the stems, hyphae _ were observed as in 
25 untreated plants .. Several roots had -swellings 

. . ........ .· . . .... . ... . 

at .sevCJ:al ·PQJ;tions in which. nematodes . were 
obserVed;· Orily in these_ponions. hyphae were -
observed in the epidermis. One of two roots 
rotted but the others .were healthy.· The -
vessels -were clogged witl:l a _brown. callus-like 30 '-..,,.) 
substance as _in untreated plants~ Although 
·this is cl.osely similar to the cases of disease .- _ 
caused by Fusariuni, it _ was confinned -~t V 
thujaplicin was an effective controlling agent,· 
judging from the condition of Vigour of 35 

. plants;· colour of leaves __ arid neW bud and 
new root gennination. · 

- .. . __ BXAMP:(.E- 7; _ _ _ 
Antimicrobi~ Test of VariQUS CompOunds 

agaihst Fusarium .fungus. ( 1 )·. . _ , _ 40 
Tropolone, fJ- and -y-thuiapbcms Were added 

to potato-glutose agar plates to 100, 75 and 
SO ppm· concentration;_ The plates were inOat-
lated with one loopful of Fusarium fungus 
respectively and left in a constant tem:perature _- 45 
vessel kept at 37°C. For comparison, Benlate 
was tested in the 5ame manner. The results 
are shown in the following Table· 1. 

TABLE 1 

Days in Culture Days 

Compound ConcentratiOn l 2 3 5 10 

50_ ppm - ± ± + + 

Tropolone -75 - - ± ± ± 

100 - - -· - -- -

50 ... ± ± +- + 

{3-Thujaplicin 75 -·- - ± ± ± 

100- - -- - -. -
so - ± -:!: + + 

~Thujaplicin 75 - - - ± ± ± 

-- 100. - - - - -
100 + ++ +++ +++ +++ 

Ben late 1,000 - - - ± + 

.. 2,000 - - - - ± 

Untreated Lot + ++ +++ +·++ +++ 

-: no gr_owth of hypha, ±: grc,wth difficult to judge, +: a little growth, 
++: moderate _growth, +++: significant growth.· -
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. . EXAMPLE 8 .... ···! . 
Antimicrobial Test of Various Comprunds 

against Fusarium fungus (2). · 
Tropolone, ,B-thujaplicin, -y-thujaplicin, 3-

5 hydroxy - S - methylisoxazol and :B~te w~ 
diluted with ~ter. :Fusarium hyphae were 

nnmersed in t:hese aqueQlls solutions for 15 
to 20 min and inociilated on potato-glucose 
agar plates. The state of growth was observed 
and the re$Ults are shown in the following 
Tabte 2. 

10 

"~:(· ·TABLE 2 

Time for Immersion 
min 

Compound Concen tra ti on 15 30 60 120 

. _Tropolone 1110.000 - - - -
{3-Thujaplicin . 1/10,000 - - - -
y-Thujaplicin · 1/10,000 - - - -
Ben late l/1,000 - - - -

.. · ... 1!3~000 + + + -
Hydroxy-Methyl-
lso)!.azol 1/1,500 + + + + 

" 1/3,000 + + + + 

Untreated - + + + + 

-·· 
-: no growth of fungi, +: growth of fungi 

. EXAMPLE 9. 
. Controlling of Root-Rot of Pepper (1). . 

15 Six soil seed-beds for rearing pepper sa~ 
lings were prepared, and in each bed was 

, inc<nporated 0.1 % or 0.02% of tropolone, 
P-thujaplicin or 1'-thujaplicin. A seventh bed 
was left untested as a control. Pepper 8aplings 

20 were transplanted into each bed. At.the time 
when roots and buds were being pUt forth 
from the saplings, the saplings were ilioculated 
with Fusarium fungus and observed to see the 

·.progress of disease. 
25· It was· found that in the plants ·of the 

control untreated bed and in the 0.02% 
treated lot, the growth of Fusarium hyplzas 
was remarkable and ·more than 80% of the 
plants were observed to be diseased. Iii the 

30 .three 0.1% treated samples, there was scarcely 
observed · any disease and b}'phae • · did not 
grow . and the growth of the saplings was 
best. . 

EXAMPLE 10. 
35 Control of ROot-Rot of Pepper (2). 

Each test was effected on 5 young plants 
which were attacked with the . rc>ot-rot of 
pepper. . 
(A) .6 ppm aqueous solution of P-thujaplicin 

40 (B) mixed solution of 6 ppm of P-thujaplicin 
and 20 ppm of copper sulphate 

(C) 100 ppm aqueous solltion of Benlate. 
Each one plant was sprayed on its leaves 

with 100 ml of one of the above aqueous 
solutions (A), (B) or (C). After· 2 months, 45 
the state of growth of the plant was observed 
and the results were as follows: 
(A) ,B-thujaplicin treated plants. 

One plant died and the other 4 plants grew 
with 20% decrease in height. 50 
(B) ,8-thujaplicin and copper sulphate treated 

plants. 
All 5 plants did not die and grew with 

20% decrease in height. 
( C) benlate treated· plants. 55 

2 plants died and the other 3 plants grew 
with 50% decrease in height. 
(D) untreated plants. 

All S plants died. 

EXAMPLE 11. 60 
Controlling Downy Mildew of Hop. 

The injection method was effected against 
young hop plants which apparently suffered 
from the downy mildew. One binc was selec-
ted from a hop plant having 5 to 6 bines 65 
and it was cut at 20 to 30 an distance from 
a crown. To the cut part was attached a 
100 ml. ampoule which was charged with an 
aqueous solution of hi.nokitiol. 1be effect of 
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vari<>Us conCen.tratiorts of solution was tried Fifteen days after ·this treatment the plants 
on different bines. were observed, with the folloWing results: .. 

fJ-'fhujaplici~ 
Height Concentration 

1 150 cm 1/10,000 

2 200 1/10,000 

3 160 117,500 -

4 145 1/7,500 

EXAMPLE 12. 
Tropolone and a-; {3- and y-thujaplicins. 

Absorbed Amount 
of Solution State of Disease 

10 ml a little mildew on · 
. leaves remained 

so completely cured 

20 completely cured 

30 mildew on leaves 
in lateral branch 

served visually and estimated as follows: 
+ : growth observed 
- : not obserVed: 

,'~ 
·'-' , 

·were added to glucose-peptone agar plates to· 
100 and 50 ppm concentration. The plates 
were inoculated with fungi to·. be tested and 
eultured at 27°C for 96 hours. They were ob-

± : difficult to judge l~ 
The results . are shown in the. following 

Table 3. 

·_,=, 



.Tropolone 

.a-Thujaplicin 

P~ Thujaplicin 

~ Thujaplicin 

5 

10 

15. 

TABLE 3 

Fungi 

Clado- · 
·Concentration· · Alternaria · Piricularfa sporium 'Fusariurri Venturia 

ppm Kikuchianae Oryzae 

100 - -
50 ± ·-

100 - -
SO· ·. ± ·-. 

" 

100 - . -
so - -

.. 100 - -
50 ± ± 

EXAMPLE 13. 
Controlling .Mouldy Rot of Gum Tree. 

A test. gum tree. was incised for controlling ·. 
a guin milk with a knife contaminated with 
C. fimbriata. A dilute aqueous solution of each 
of Difoltan, Benlate and -y-Thujaplicin was 
then applied to the infected cut portions with · 
a brush for consecutive four ~s (3 times 
a:· week) in each case, and the results were 

' observed one month after the infection .. The 
growth of each of the fungi was inhibited, 

. and it was found that the bark began to show 
normal recovery. The concentration of each 
of the a~ts used in this test was as follows: 

.. Fulvum 

-
-

-
·-. 

-
-

-
-

Difoltan 
Benlate 
y-Thujaplicin 

Oxysporum 

-
-
-

_,_ 

-
-

-

-

EXAMPLE 14. 

Inaequalis 

-
-
-
-

-
-

-
-

0.5% 
0.1% 
0.015% 

Controlling Orange Rust· of Coffee Plants. 
Thirty ·healthy young coffee plants which" 

had been inoculated with H. vastatrix an4 ob­
sel'Ved· .to be infected were uiled as test trees. 

·These test trees were then treated by the 
leaf spray method with a . dilute emulsion 
which. had been adjusted to contain 100 ppm 
of an equivalent mixture of P- and 'Y'" Thuja­
plicin. The amount of the liquid sprayed was 

( 
1~'.'°;>\ 

20 

25 

~ 

-':!>.. 
~ 
'b . 
. QO 
0 

~ 
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5 

10 

15 

20 

25 

250 ml per the tree, and the observation 
of infections 10 days after irifection showed 
that the disease progress was inhibited in each 
case. 

In a test for detennining · the prophylactic 
effect, the above described 100 ppm dilute 
emulsion was wtifonnly sprayed in an amount 
of 250. ml per the tree. The tree thus treated 
was then inoculated with H. · TJastatrix; and, · 
after a· lapse of 30 days, a normal incubation 
period, observation of. the trees showed no 
indication of infections. 

. EXAMPLE 15. . . 
. Coritrolling Witches' Broom of Cacao Plant. 

· T\venty heal~y young· plants which had 
been inoculated with .. M. pernicios1's 'and o~ 
served to~ infected were usea-as 'iCSf'ttees:-'"" 

These test trees were then treated in the 
same manner. as described in Example. ·14. 
Observation of the infections showed. that the 

· disea:ie progrt:Ss •was inhibited with no indica-
tion of infections in each case. · 

From the abo\re tests, it is apparent that 
compositions of this invention have e:xc:ellent 
fungicidal dfects. ' .· 

WHAT WE CLAIM IS:-
1. A fungicidal eomposition suitable for 

use against. diseaSe8 of vaScular plants, Which 
compoSition c~n.tains as 8.cti\re .ingredient at 

30 least one tropolone having the general for-· 
mula: · 

_{yo 
. R3 . '>-<>OH 

. R2 Rf .. · 

wherein R1, R2 and R3 are each a hydrogen 
atom or an alkyl radical havil.)g 1 to 3 carbon 

35 atoms, and is in the fQr1U of a liquid emulsi­
fiable concentrate which contains 2 to. 25% 
by weight of said tropolorie, or in the fo~ 

.· of ' solid granules 'Which incorporate·. a solid 
carrier and which contain O.l to 5% by weight 

40 of said tropolone. · .·· · 

. 2. A composition according to Oaim 1, in 
. which said· concentrate contains ·as emulsifying 

agent a non-ionic surlace-active agent; veget.; 
able gum or a carbohydrate dispersing agent. 

45 3. A composition according to Qaim 1, 
in which said solid carrier is a vegetable 
powder or mineral powder. · 

4. A composition according to Oaim 1, 
substantially as hereinbef ore described with 

50 reference to the product ·of any ·of Examples 
1 to 5. · 

. .'-,.. .. ..... .. . ·- . . .... ·. . 

5. A method of controlling a fungus disease 
of a vascular plant, wherein a preparation 
containing at. least one tropolone haVing the 
general formula: 55 

wherein R1, R2 and R3 are each a hydrogen 
atom or an alkyl radical having 1 to 3 carbon 
atoms is applied to the surlace of the plant, 
injected into the plant or applied to the sotl 60 
in which the plant is growing. . 

6: A method for controlling a · fungQS dis".' · 
eas.e .of a· vas~r plant, wherein a preparatl~ 
.made by dilution with water of an emulsifiable 
concentrate according to any of Claims 1, 2 65 · 
or 4 is applied to the surface of the· plant, 
injected into the plant or applied to the 
soil iµ Which the plantis growing. • 

7: A :tnethod for controlling a fungus diSease . . 
of a vascular plant wherein ·solid granules 70 
according to any oile of ClaiinS 1, 3 or 4 ., 
are applied to the surface of the plant, injec-

.· ted into ·the. plant or applied to the soil in . 

. which the plant is grow.itig. 
8. A method for controlling disea8es of 75 

plants according to any . of Cai.ms S . to 7, 
in which the plant treated is blaCk pepper and 
the disease of the plant is root-rot of pepper •. 

9. A method for controlling diseases· of 
plants ac;cording to any of ·Claims 5 ·to 7, 80 
in which the, plant treated is hop and the 
disease of the plant is downy mildew of liop. . 

· 10. A method for cc>ntrolling diseases · of 
plants . according to any of Claims S to 1, 
wherein the plant. treated is gum tree and the 85 
disease of the plant is mouldy rot, 

u. A method· for cc>ntrolling diseases of 
plants according to any of Claims S to 7, 
wherein the plant treated is coffee plant 
and the disease of ·the plarit is orange. rust. · 90 

12. A methoo for ·controlling diseases of 
plant· according to any of Oaims S to 7, 
wherein the plant treated ·is eacao plant ·and 
the . disea8e of the plant is· witches' broom. · 

13. A method for controlling fungus diseases··· 95 
of vascular. plants, according t0 Claim 5, which 
is carried out substantially as hereinbefore 
described witli. reference to the procedtue of 
any of Examples 6, 9'to 11, and 13 to ·IS. 

14. Plants treated by a method according 100 
to any of Claims S to 13. · 

-., 
' . 
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250 ml per the tree, and the observation 
of infections 10 days after infection showed 
that the disease progress was inhibited in each 
case. 

In a test for determining the p~ophylactic 
effect, the above described 100 ppm dilute 
emulsion was uniformly sprayed in an amount 
of 250 ml per the tree. The tree thus treated 
was then inoculated with H. vastatrix, and, 
after a lapse of 30 days, a normal incubation 
period, observation of the trees showed no 
indication of infections. 

EXAMPLE 15. 
Controlling Witches' Broom of Cacao Plant. 

Twenty healthy young plants which ·had 
· been inoculated with M. pernicioms and ob­
···served to be infected were u.SCCi-a5 te8t treeS:"" . 

These test trees were then treated in the 
same manner as described in Example ·14. 
Observation of the infections showed that the 
disease progress was inhibited with no indica­
tion of infections in each case. 

From the above tests, it is apparent that 
compositions of this invention have excellent 
fungicidal effects. 

WHAT WE CLAIM IS:-
1. A fungicidal composition suitable for 

use against diseases of vascular plants, which 
composition contains as active ingredient at 
least one tropolone having the general for­
mula: 

. ,.wherein R1, R2 and R3 are each a hydrogen 
atom or an alkyl radical having 1 to 3 carbon 

35 · atoms, and is in the form of a liquid emulsi­
fiable concentrate which contains 2 to 25 % 
by weight of said tropolone, or in the form 
of Solid granules which incorporate a solid 
Carrier and .which contain 0.1 to 5% by weight 

40 of said tropolone. 
.. 2. A composition according to Oaim 1, in 

·· which said coneentrate contains as emulsifying 
agent a non-ionic surface-active agent, veget­
able gwn or a carbohydrate dispersing agent. 

45 3. A composition according to Oaim 1, 
in which said solid carrier is a vegetable 
powder or mineral powder. 

--.J:-A--composition according to Claim 1, 
substantially as hereinbefore described with 

SO reference to the product of any of Examples 
1 to S. 

. 
S. A method of controlling a fungus disease 

of a vascular plant, wherein a preparation 
containing at least one tropolone having the 
general formula: 55 

wherein R1
, R2 and R3 are each a hydrogen 

atom or an alkyl radical having 1 to 3 carbon 
atoms is applied to the surface of the plant, 
injected into the plant or applied to the soil 60 
in ·which the plant is growing. 

6. A method for controlling a fungus dis-
ease of a vascular plant, wherein a preparation 
made by dilution ~·ith water of an emulsifiable 
concentrate according to any of Claims 1, 2 65 · 
or 4 is applied to the surface of the plant, 
injected into the plant or applied to the 
soil in which the plant is growing. 

7. A method for controlling a fungus disease 
of a vasatlar plant wherein ·solid granules 70 
according to any one of Claims 1, 3 or 4 
are applied to the surface of the plant, injec-
ted into the plant or applied to the soil in 
which the plant is growing. 

8. A method for controlling diseases of 75 
plants according to anr of Claims S to 7, 
in which the plant treated is black pepper and 
the disease of the plant is root-rot of pepper. 

9. A method for controlling diseases of 
plants according to any of aaims s to 7, 80 
in which the plant treated is hop and the 
disease of the plant is downy mildew of hop. 

10. A method for controlling diseases of 
plants accmding to any of Claims 5 to 7, 
wherein the plant treated is gmn tree and the 85 
disease of the plant is mouldy rot. 

11. A method for controlling diseases of 
plants according to any of Qaims S to 7, 
wherein the plant treated is coffee plant 
and the disease of the plant is orange rust. 90 

12. A method for controlling diseases of 
plant according to any of Claims 5 to 1, 
wherein the plant treated is cacao plant and 
the disease of the plant is witches" broom. · 

13. A method for controlling fungus diseases 95 
of vascular plants, according to Oaim S, which 
is carried out substantially as hereinbefore 
described with reference to the procedure of 
any of Examples 6, 9 to 11, and 13 to IS. 

14. Plants treated by a method according 100 
to any of Oaims S to 13. . 
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