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plants from sunscald, borer and fungus injury by treating the trunks and
branches with an agueous emulsion comprising a paraffin wax, an ammonium

20 salt of a drying acid, as defined in U.S. Patent 2,013,063, a colloidal earth and
finely divided aluminum.

There is also prior art that teaches the use of various oils, inchiding fish
oils, as a useful physical component to optimize stability of a plant protecting
suspension of an active ingredient. For example, U.S. Patents 4,826,863 and

25 4,734,432, disclose the use of various oils, including paraffin, soya, fish and
mineral oils, together with, inter alia, the active ingredient such as a fungicide
or herbicide, to provide a stabilized plant protecting agent suspension.

U.S. Patent 4,761,423 discloses the use of a vegetable, animal or mineral
oil together with, inter alia, a fungicide or insecticide to form an improved seed

30 dressing.
U.S. Patents 3,728,454, 3,725,557 and 3,728,453 disclose the use of

pine or fish oil, together with, inter alia, the active ingredient, alloxan or
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For these and other reason, there is thus a widely recognized need for
15 effective natural products that can lie sprayed on plants to protect them against
fungal diseases, that induce no phytotoxicity.

SUMMARY OF THE INVENTION
It has now been found that a natural product, fish oils, effectively

protects the crop against fungal disease, without being phytotoxic. This is a
20 surprising result and the mechanism of effective protection without phytotoxicity
is difficult to understand. The present invention thus successfully addresses the
shortcomings of the present art by the use of a natural product that effectively
protects plants against fungal disease, without being toxic to said plants.
Fish oils, as used herein, refers to oils obtained from various fish,
25 including cod, haddock, capelin, squid, hake, shark, halibut, menhaden sardine,
herring, pollack, cuttle, mackerel, sand eel, anchovy, salmon and gadoid.
Such oils contain predominantly Cy4 to C,, saturated and unsaturated
fatty acids in the form of mono-, di- and triglycerides.
Of the saturated fatty acids palmitic (16:0) was most prevalent (about
30 15%), myristic acid (14:0) was next (about 5%), and stearic acid (18:0) was

least pfei/alent (about 3%). Fish oils contained a variety of mono-, di- and
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The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein:

FIG 1. Late blight development in potato (cv. Alpha) plants treated with
four fish oils. Plants were sprayed with fish oil homogenat? in water (0.5, 1,
2%)on their adaxial (upper) leaf surfaces and challenged with Phytophthora
infestans (isolate MR-1, 5000 sporangia/ml) 2 days later. Disease records (0-4
scale) were taken 4 days after challenge. Bars represent standard deviation of
the mean (n=3).

FIG 2. A comparison between fish oils and vegetable oils in protecting
potato (A) and tomato (B) plants against Phytophthora infestans. Plants were

sprayed on upper leaf surface with hohoba oil, soybean oil, cod liver oil HL or
capelin oil (1% in water) and challenged on the treated surfaces with the fungus
(5000 sporangia/ml, isolate MR-1) 2 days after spray. Disease records (0-4
scale) were taken 5 days after challenge. Bars represent standard deviation of
the mean (n=3).

FIG 3. Time-dependent efficacy of fish oils in controlling late blight in
potato (cv. Alpha). Cod liver oil HL, cod liver oil G, cuttle oil and capelin oil
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cuttle oil and capelin oil WO 97/
PCT/ US97/ 00wesk both applied to adaxial (upper leaf surfaces). Disease was récorded dedays sprayed
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and 4% in water). Plants were sprayed on upper leaf surfaces with fish oil and

then, at various time intervals after spray, challenged with Phytophthora

15 infestans (2500 sporangia/ml, isolate MR-1) on either upper (A) or lower (B)
surfaces. Disease records were taken 4 days after challenge.

FIG. 6. Systemic protection of potato plants (cv. Alpha) by cod liver oil

HL. Plants were sprayed on their 3 lower leaves with 2% fish oil and challenged

with Phytophthora infestans (2500 sporangia/ml, isolate MR-1) 4 days later.

20 Disease records were taken 3 days after challenge. A. Mean values per plant

(the shaded area represents standard deviation of the mean (n=6)); B. Mean

values per plant (bars represent standard deviation of the mean (n=6)).

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred fish oils were those containing about 1% to about 40% by

25 weight of one, or a combination of, fatty acids selected from the following:
myristoleic, palmitic, palmitioleic, linolenic, linoleic, arachidonic,
eicaspentenoic and docosohexaenoic, present as a monoglyceride, diglyceride or
triglyceride, the free fatty acid being present in trace amounts. Particularly
preferred fish oils are those containing about 5% to about 35% by weight of

30 one, or a combination of, fatty acids selected from the following: palmitic,



wat er) i nYQAY3H | ng late bltight caused by Phytopht hora in?ggfu H%ml}"?\?’

" tomato plants (cv. Florida Basket). Plants were chall enged (2500
sporangia/m) at the various tine igtervals indicated after spray with
fish oil. Fish oil and chall enge were both applied to adaxial (upper

" l-eaf surfacksdleicD saekidonies eicaspeietoi¢ days ddCosohéensibalpr@Rae. as a
: FIG 5. Translam nar_ protection of untreated |eaf surfaces of potato
' | eaves agai mopoglyeearids, idiglycerideror:wiglycetide- oi | HL of various concentrations

fishoil and e ReChs, sAC ey 6 ABRANEF U B bl or Bl noed
wi th Phyt op§irfiees oft hel dibg s tWhen apfIRQ t5RRE filidige/ thky wifl Yedlistd WBfoke u%;yei ther

upper (A) or |ower (B) surfaces. Disease records were taken 4 s after

chal | enges onset or after theGnitial sigans: efrfungpk attaskt i The amopot of fislploilrtosbe( cv.

Al pha) by cod Jiver .oil HL. Plants re sprayed on.their 3 | r | eaves
o Ehs on ¢+ ShplgyPS if] be safficitr on el A op AU SHeRiS Fstsangn of s 00

spor angi a/ Mipopits ebtdl e fdnpaf ddeXe and WAl varPddy J P35 aken 3
days after cpr? | I enge. A. Mean val ues per vgﬁgn%ﬂeﬁ%??ﬁeﬁgﬁg%go argéet

repr esent s emopnepecitsdd \fungii torbecontrbHedyahe type-of fieatnient Kfoxrexamplegisessls per

pl ant (bars represent standard d&\gj ation pof thg rre%nF‘E‘n:G)

DESCRI PTI ONT PE%%&EF‘E‘F&@E“ERB ageRpEyIng or dusting), phe cepdition of &e oi | s
were tho t 2B Yah ¥ out 40% by 25 wei ght of one, or a
conbi nat i\ign&g’p,ﬁ?g?tg% acl g‘g ﬁssg %’2?@ ‘fromthe follow ng: nyristoleic,
palmtic, palm Asod eulser o iseeal drassing, lacceptable results anby denobtained by

ei caspent enoi ¢, and doco ohe>e<€ﬁnoi c, .present as a_npnogl yceride, diglyceride

or tri gepployingeromQ. 1t took kg of fish-0il perl0ke of absnoriseed.r ace anounts.
Particularly r.ef ad. {1 [ e . 5%t o0 about
35% by. wei ght of @@ﬁoaﬁi ,ﬁl‘é%t}édaﬁ%[ggb#@a?{ gﬂtlgo@, ? ?hgﬁ&ﬁl‘a&ég’@@ bgggéé?dzé) fromthe
foll owi ng: @ldrops 6x to soil Wath% 435k Fate in the range of from about 0.5 to about
PCT/ US97/ 00493 _ o
15 10 kg/ha, with application being repeated as necessary, typically at intervals of
every one to three weeks.
In practice, the fish oils will be applied in compositions containing the
fish oil in association with an agriculturally acceptable diluent, such diluent
typically being water and/or acetone. Such compositidns for direct application '
20 to the crop will typically contain from about 0.05 to about 10% by weight fish
oil, preferably from about 0.1 to about 5% by weight, with application being

repeated as necessary, typically at intervals of every one to three weeks.

EXAMPLES

Plants. Most experiments were conducted with the potato (Solanum

25 tuberosum L) cultivar Alpha. Some experiments were dome with the cultivar
Bintje. Plants were grown from whole tubers in sand:peat:vermiculite mixture
(1:1:1 w/w) in the greenhouse (18-24°C) and were fertilized twice a week with
1% NPK (20:20:20). One tuber was sown in each pot (1:1). At ~4 weeks after
sowing, plants having 3-5 stems/pot with ~10 compounds leaves/stem, were

30 taken for experimentation.
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Freshly produced sporangia of P. infestans were harvested into ice-cold

double-distilled water from potato tuber slices (cv. Alpha) inoculated a week

20 earlier and kept at 13°C. Sporangia concentration was adjusted to 2500 or 5000
per ml and sprayed onto the abaxial or adaxial leaf surfaces of potato plants
(about 15 ml per pot.). Inoculated plants were placed in a dew chamber in the
dark at 18°C for 20 h to ensure infection and then transferred to a growth
chamber at 20°C (as above) for symptom development.

25 Disease severity was visually estimated using a 0-4 scale as follows: O
= no disease; 0.05 = one or 2 lesions per pot; 0.1 = 3-10 lesions; 0.5 = 11- ‘
50 lesions, about 10% of the foliage area occupied with lesions; 0.75 = about
15-20% of the foliage is blighted; 1,2 and 3 = about 25, 50 and 75% of the leaf
area blighted, respectively; and 4 = plants are fully blighted. In some

30 experiments lesion number and size were recorded.

1. Local protection
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15 day, or later, up to 7 days, after spray (Fig. 3). The residual protective activity
depended on the fish oil used and on its concentration. Cod liver oil G was the
best performing at 0.5 and 1% and cod liver oil HL at 2% whereas capelin oil
was the least effective at 0.5% and 1% capelin oil was phytotoxic at 2%.
Increasing the oil concentration increased protective efficacy of cod liver oils

20 and cuttle oil (Fig. 3). Similar experiments conducted with 4% cod liver oil HL
showed about 20% protection in potato plants challenged in day 0 and about
90% protection in plants challenged at 3-10 days after oil application.

Cod liver oil HL in water also protected tomato plants (cv. Florida
Basket) against late blight in the manner described for potato. Protection was

25 dependent on the interval period between spray and challenged as well as on oil
concentration (Fig. 4).

Acetone solutions of cod liver oil HL applied to upper leaf surfaces of
potato plants 3 days before challenge, provided 67, 80, 88 and 96% protection
at concentrations (w/v) of 0.25, 0.5, 1 and 2%, respectively. EPAX-GT 5500

. 30 applied similarly provided 93, 93 and 99% protection at 0.25, 0.5 and 1%

respectively. It was slightly phytotoxic at 1%.
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with lesions; 0.75 = about 15-20% the foliage is blighted; 1,2 and 3
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Fig. 1 shew d% lp%ya”ts treated with fish oils were protected (68 99%
agai nst the ght fnfection. 5 Protection increased slightly with

~increasing the oiResvdmc(E‘abheatlD ovarfedo rhetweent expemﬁeﬂts Gl [amongstoidilsG was
- nost effective I@ﬂ >95% prot ection at all concentratjons used.
feligy FBEYC narater

[ el

Veget abl e ofdege SSWETHE Meothe plante againgl the, blighta gai nst

| ate blight . oils
provi ded 84 1\6%9%&&%?12? %lﬁ%ﬁéﬁt%@}ber&geggz %%PF(CF ‘L”?m“% Ei).ls @F‘ﬁi}b
These four fa EPAoQBPsA 28Gdram Nippon undaEPl«DeG’n mmmdaMeWmvmeﬂ the ant s
were chal |l enge inocul ated at various tinme-intervals after spray.

| nt er est i 1fgihighest REERGHAN. 0i | s had a minor protective activity, at either

oi 1" (day 0. abourtts hodr figp OFR wERoNGERE & Bicbnily) 614 MBI oElc, o

observed i n BHARM fcetdit! dnadngpesyedl drivo €RyadaRial ﬂe’h‘f%ﬁrfaéé@ df(poiaudgmts @vter spray

(Fig. 3). The residual 1Erotectlve activity depended on the fish oil used
and on its ddpb®nt CGontreh planty were sprayed \@thmetone alonepe il M&)Mﬂl’ﬂg at 0.5

209, 126 209 St byBie S PHEARED 2005 bt ik i RSrd >

15 were taken 4, 5 and 7 days postinoculation and % protection calculated relative
to acetone-sprayed plants. All oils were highly effective in protecting against
the blight (Table 2). The least effective were Nippon Nos. 4 and 6 indicating
that EPA is not the only ingredient in fish oil responsible for protection.
II. Translaminar protection

20 Potato plants were sprayed with fish oils on their adaxial (upper) surfaces
and challenged with P. infestans on either their adaxial or adaxial (lower)
surfaces. Fig. 5 presents data from an experiment in which challenge
inoculation was applied to compound leaves detached from the nontreated plants
and plants treated with various concentrations of cod liver oil HL in water. The

25 oil-treated surfaces were highly protected (Fig. 5A) against the blight at all
concentrations used (1-4%). Protection was prevalent at all sampling days
except day O after spray (compare Fig. 3). The untreated leaf surfaces were
protected, but to a lesser degree, with maximal protection observed in leaves
inoculated at 3 days after spray (Fig. 5B). Protection of the untreated surfaces

30 increased with increasing the oil concentration.

Another experiment was performed similarly with potato leaves detached

and inoculated at various time intervals after spray. Leaves were challenge



| ncr easi ngVON&28058 concentration increased protective ef fi cREIEGHITHMI3| i ver
Qils 20 and cuttle oil (Fig. 3). Simlar experinents conducted with 4% cod
liver oil HL showed about 20% protection in potato plants challenged in
day 0 and about 90% protection in plants challenged at 3-10 days after

" oil applica t]lredf@d ed tomato
pl ant gp(cv iﬂlgéﬂ(;rared(%mspogaéngg?ﬁlgigal nstil ate %ﬂ?fa\é% ré%lﬁ%e%n{ﬁgt?&ﬁescrl bed

for potato. (re}aavedo dem&sa@a lckwpehmelnavesnnmdmamam vp,l 2 mer4 .6l dedtiveen

spray and c ed as m OB concentration (Fig. 4).

Acet one sol c?Prac)%g it & leEr SBHL da wager wase37, %’éf4551§ﬂf G5es of

potato plan e nd,9

protection Sé aﬁd qq?)r@gt?‘r%at ?gﬁés# ?\/3\/?\%’ @#’c%’.’%&q Sg%a&gwétﬁ g‘@%gg’ 95/?

respecti v8l 97, ¥/00,G5 awD67 %) respettively.si mil arly provided 93, 93 and 99%

‘prot ection at 0. -2,['?1 and 1% respectively. It was slightly phytotoxic
at 1 % 0 5fg§gwmg experiments were conductéd with intact potato plants. -
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Si xt een ot hgirﬁ'%s (6%~ 4lpha) were sprayed on ppper, Igaf M&%%WHP&’%%?@C‘EY%rPﬂagai nst
late blight HIA(1%Wetv3 i@ maltdrest ®etohe Yol MithERAXDGTOSHR R Witeh 8r biomdaxi al

| eaf surface of potato plants (cvs Al pha or Bintje) and tonato plants
(cvs. Baby G W/V)riRlants sveme shallengedrinoshlatadeon eitheri thé) upperi orf the dewer (MR- 1 or

et veen ADpIERT aillacts 3 SR Y8 BP R, Rewlsdn Fablp ¥ Show i bt o { cct | ve
i n protectifeated surfAces wieré S@bidy prdtectdd (82@9%6a¥d‘iﬁ§'ﬁ1eﬁ51i§rﬁ%kfbgg.Al ues

ranged between 67-91 % f or t he varl ous ol PA 28G
f rom Ni pponatahdaypftar tratgsot Inasuiatioh messde b Soddyd eeduded aliiosti Dfodd the

b, 1" 0% equi veirsaey of cod kg 3L s Shy sl s et EBAR B SSadowien oar
surfaces of dRRleRddPinicBiNng bofl oils were slightly less effective (compared to both oils
15 delivered in water) at 1 day but not at 5 days after treatment (Table 3). The
lower untreated surfaces were protected to a degree if 69-85% at 1 day with
acetone delivery, slightly less effective compared to water delivery. At 5 days
after treatment cod liver oil HL lost its activity whereas EPAX-GT 5500
retained 48-59% of protective activity (Table 3). Similar results were obtained
20 with potato plant cv. bintje (data not shown).

III. Systemic protection
Eleven-leaf potato plants (cv. Alpha) were sprayed with cod liver oil HL
2% homogenate onto their 3 bottom leaves and challenge-inoculated 4 days later.
Disease records taken 3 days post inoculation are presented in Fig. 6. Leaves
25 on plants treated with oil were significantly less blighted compared to leaves of
untreated-challenged plants (Fig. 6A). Mean percentage protection for all leaves
was 74% (Fig. 6B). At four days post inoculation disease severity reached
values of 3.7 + 0.21 and 1.4 + 0.48 for control and treated plants (62%
protectioh), respectively.
30 In a second experiment 1 or 2% of cod liver oil HL homogenates were
applied to the lower leaves of potato plants 5 days before challenge. Disease

records taken 4 days after inoculation were 2.03 + 0.81 in untreated plants and
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 concentrations of cod liver oifl HL in water. The 25 oil-treat surfaces

- wer e hi ghl yespectivetyt (38 $d @3 %5pdotengianhst the blight at all

. concentrations used (14% . Protection was prevalent at all sanpling days
except day O after spray (conpare Fig. 3). The untreated | eaf surfaces were
protected, but to a | esser degree, with nmaxi mal protection observed in

| eaves i nocul ated at 3 days after spray (Fig. 5B). Protection of the
untreated surfaces 30 increased with increasing the oil concentration.

Anot her experinment was perforned simlarly with potato | eaves detached

and inocul ated at various tinme intervals after spray. Leaves were chall enge
WD 97/ 25053

PCT/ US97/ 00493 9 i nocul at ed
(2500 sporangia/m)on their untreated surfaces. Percentage protection
(relative to oil-nontreated | eaves) in |l eaves inoculated at 0, 1, 2, 3, 4,
6, and 7 days after spraying with 1%cod liver oil HL in water was 37,
52, 45, 80, 65, 52 and 47% wth 2% - 34, 37, 35, 85, 75, 67, and 57%
and with 4% - 39, 55, 5 77, 95, 90, 75 and 67% respectively.

The follow ng experinments were conducted with intact potato plants.
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Pl ant gjwer e chal | enged-i nocul ated on either
10 leaf surfaces at 1 or 5 days after spray. Results
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HL but only slightly that of EPAX-GI 5500. Wen
delivered in acetone both oils wer% protetiohy | ess effective (conpared to

at T day but not at 5 days after treatnent

30

at 7000 sporangia/ml.

Number of days lapsed between fish oil application and challenge inoculation. isolate MR-1 was
inoculated at 5000 and 2500 sporangia/mi on potato and tomato, respectively. Isolates S-49 was applied

{untreated with fish oil) exhibited 80-80% of their foliage blighted.

)

Disease records were taken at 5 days after inoculation when control plants

(Table 3).
69- 85% at aayoini t h | Potatiacetjometcdel | veity, S| i gty | ess ¢ftbesd | v Repaparjpd
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treated pl gnts—t629% protectTon), [espectT Vel 30 T Fecomnd
experiment {1_of 2% ofl cod livier™il H 8RonngenaPf®s were 2epli k#2158 t he
| ower | eavdls of potatp plants| 5sglays|begore chaki enge. Di §eane gsacpr ds
t aken 4 WETE [. 03 U. gL T untreatrgd prants and
VWO 97/ 25 Nippon, Japan
PCT/ US97/ 0493 1 96 82 78 10 - 86 + 9 _“
2 89 79 - 83 - 84+ 5
3 91 83 - 83 - 865
4 85 56 - 86 - 76 = 17
20 5 95 64 72 - 77 £ 16
I 6 78 69 68 - 726
7 89 81 - 75 - 827
8 Phytotoxic | Phytotoxi - 92
[
| o 80 94 . 96 90 £ 9
|
25 || Health Life, UK j‘
Cod liver oil HL 96 - - {
Jahres,
Norway
Epax GT 6500 89 - | 93 - 913




0.91 0.60VRAW2MWSH4 0.59 in plants treated with 1 and 2% oFPCT(UBTAMI3 549,
protection, respectively). O her experinents reveal ed that application of
ei t her cod liver oil HL (1 % or HPAX-GI 5500 (1% to the 3 |ower |eaves
of potato reduced the nunber of |esions on |eaves 4-11. Control plants

devel opedrdifle 2. hoddl protéction ofpotgt plaitsidv. Alphiay agdinst Phftophtherad o

EPAX-treated plants, _respectively (58 and 73% protectTomy:
97/ 25053 infestans by fish oils dissolved in acetone
PCT/ US97/ | e
1. Local [ kg fdo&h oi | 10§§ogenate . '\B‘J&glroteeﬁon
agai nst ' lusedOt at 0 fmaettdAAL Q. 7d
% pr ot et )i No- Pineiteoi | | % whpot at o 4d Potlat o Pof at o
Tomat o sgvenSe,s,UKTohto Megn [err]' S.P. 5 Sdqurce and Nferr] "
Al pha/ |l d Arptrar3d ALY FoT T Basketfie—Baby+24
MR err] ' _Mer ;LL 75 S-l49 13 MRl ern] 9¢ 83VR erf ]
Seven Seds, 2 UK 5.8 1.7 68 99 9653
74 ) 7L 1[eTT 1] 10
3 5.4 .85 91 85 81 “
10 4 9.6 1.0 90 84 85 ﬂ
5 8.6 1.2 93 92 83
6 13.8 0.72 96 95 87
7 14.6 0.69 95 91 85
Nippon, Japan
15 1 13.1 0.76 85 84 79
i 2 14.6 0.68 97 92 66
3 11.0 0.91 90 91 73
4 10.0 1.0 78 81 58
5 14.2 0.71 93 20 85
20 6 15.3 0.65 71 72 37
i 7 13.6 0.73 _ 98 96 91
8 28.4 0.35 Phytotoxic
9 23.5 0.43 97 88 79
Jahres, Norway *
25 || Epax GT 5500 32.8 0.3 97 g8 87

—_——eeeee e ——— e

Plants were inoculated with 2500 sporangia/mi of isolate MR1, control plants, treated with
acetone. showed 56 * 17, 93 * 4 and 100 + 0% of their foliage blighted at 4,6 and 7 days after
inoculation, respectively.

* Jahres Fabrikker, Norway
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- 74 [err] 4 10 3 75 50 90
53 67 [err] 19 4 13 67 61
82 76 72 9 5 82
% Tal:;éeé 82Local and trasngslaminaf Ractivity of_ﬁsh735ils againsst Phytéphthora

2—6——

. infestans in potatogplants 82 81 85 7 15
Ni ppon, Japan 1 96 82 79
- 86 9 \Wpper surface inoculated S Bower surface inochigted

-83 days aftSdrejndént | 5 days afteBtreatment 91

83 83 - 86 5 4
a0 S 1 76 17 20

*5 Treatn'alﬁ disease 64 % disease % diané2 % disease -
77 16 applied to uppe severity Protefd@ | ssverity Prdtedtio | severity | Protectio | severity ﬁgecﬁo
- sparr] 6 n7 n_89 n 81 n

. 75 None - {4020 [82- 7 jao=xo -8 |aso0zo0 -Phyt eg0oxic| .
Phyt ot oxi 9 - 9| 0.47 0
94 10 }| Acetone 40 96 . 400 : s0:90)[err]f 9es s

0.23
Cod liveroit HL 1% in } 0.08 * 28 20+ 0 50 1.0 £ 0.6 75 30+ 0 18
water 0.02
Cod liver 0il HL 1% in { 0.70 % 0.1 82 1.67 = 58 1.25 % . 69 3.33 = 15
acetone 0.47 0.5 0.23
15 Epax GT 5500 1% in 0.03 = 99 0.67 & 83 0.60 £+ O 85 150 59
water 0.02 0.11
! Epax GT 5500 1% in 0.43 = 89 0.58 = 88 1.0+x0 75 20x0 48
acetone 0.17 0.12

* Interval period, days, between oil application and challenge inoculation. Plants were challenged with 2500 sparangia/mt
20 of isclate MR-1. Disease records were taken 7 days after inoculation.

Formulation Example I : Emulsion concentrate

25 parts by weight of a fish oil, 65 parts of xylene, 10 parts of the mixed
reaction product of an alklphenol with xyleneoxide and calcium-dodecyl-benzene
sulphonate are thoroughly mixed until a homogeneous solution is obtained. The

25 resulting emulsion concentrate is diluted with water before use.

Other formulations may include a delayed release composition,
conventional carriers, diluents and/or adjuvants. Such compositions may be
produced }n conventional manner, e.g., by mixing the active ingredient with a
carrier and other formulating ingredients with the aid of a Polytron.

30 Concentrate forms of compositions generally contain between about 2 and
80%, preferably between about 5 and 70% by weight of fish oil. Application
forms of formulation may, for example, contain from 0.01% to 20% by weight,

preferably from, 0.01% to 5% by weight of fish oil.
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Formulation Example II : Seed or tuber dressing
25 parts by weight of a fish oil is absorbed on a carrier comprising 15
parts of fine silica and 44 parts of fine kaolin with the aid of small amount of
a volatile solvent such as acetone. The resulting powder is first allowed to dry,
10 and is then combined with 15 parts of dialkylphenoxypoly (ethylenoxy) ethanol,
0.5 parts of a colorant (e.g. crystal violet) and 0.5 parts of xanthan gum. This
is mixed and ground in a contraplex mill at approximately 10,000 rpm to an.
average particle size of below 20 microns. The resulting formulation is applied
to the seeds or tubers as an aqueous or organic suspension in an apparatus
.15 sﬁitéble for that purpose. |
Fish oils according to this invention are effective at controlling a variety
of phytopathogenic fungi belonging to Oomycetes, Ascomycetes, Basidiomycetes
and Fungi Imperfecti families.
The following is a partial list of crops and corresponding diseases and
20 organisms which can be controlled in accordance with the present

invention.
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Seven Seag’,0 2503 1
92 90 83
1.7 99 99 15
. 5.4 1.85 91
P4 9.6 1.0
85 CRO?P DISEASEG
92 potato 83 . Tate blight
8669 tomatogg5 late blight /
1 tobacco 13 4 blue bo
| 79 5 cucumber down}ign]gew
92 grape 66 downy mildew
90 crucifets downy #flldew
1.0 cucumber’ 8 powder$ Imildew
é4' 2 cucumbex‘i;% powdery mikiew
37 10 barle¥ ' powd xl
96 wheat oq powdery mildew
- Phyt ot oxi c rice blast
barley leaf spot
bean rust
15 wheat rust
barley rust
tomato gray mold
cucumber gray mold
grape gray mold
20 grape powder mildew

PCT/US97/00493
1.3

7.5
2 _ 5.8
96 3
85 81 10
90 84
ORGANISM 93

Phytophthora infestans 0. 72
i’hggphthora trzfﬁmm'l4 6

Perongspora tabatind °"; Japan
Pse eronospora cubesgls
Plasngpara viticola 0.91

4 Peronospora parasitid®. 0
Sphd&erotheca fuliginea>

Elﬁ@phe cichoracearum 573523 20

E graminis hordei

%; e graminis tritici (9)83 5
ricularia oryzae

Cocchliobolus sativum

Uromyces appendiculatus

Puccinia graminis tritici

Puccinia graminis hordei

Botrytis cinerea

Botrytis cinerea

Botrytis cinerea

Uncinulla necator

FURTHER EXAMPLES

Example 1. Protection of barley against Erysiphe graminis f. sp. hordeit by fish

oils at 20°C.

Three-leaf plants were sprayed with acetone solutions of fish oil
(1%,w7v) challénged 1 day later, and evaluated 10 days after challenge. The

results are shown in the following table.

Treatment l % infection relative to control i

15

r acetone {control) 100
Capelin oil 1% 47

Cod fiver oit (G} 1%

36

Cod liver oil {UK} 1%

I!

26 ll



9 WO 97125053 5 0. 43 97 PCT/US97/§0493

- 79 Jahres, Norway 25 Epax GI 5500 32.8 ' 0.3
97 98 87 16 Plants were inoculated with
2500 sporangia/m of isolate MRL. control plants, treated with acetone. -

. showed 56 [err] 17, 93 [err] 4 and 100 0% of thelr foliage blighted at 4,5
and 7 days Ekample 2. Piotestioh af cucumbers pgainst\Sphaerotheca fuligineachy fistboilkker

. No W

pcfry\%éw / ooungder field comﬁtxons (Israel) 3 sprays per season. 13 Tabl e
3. Local and translam nar activity of fish oils against Phytophthora
infestans in potato plants Upper surface

. i nocul ated Lo¥ish ﬁlsr\fraeenﬂxad)mihéﬂ 08% emulgator (w/w) and water was added days
after treatnent ys, after treatnent 5
1d* to obtain 0.5 egj1% fish 011 im water (w/v). Plants were sprayed 3 times at

- Tr eat ment di IS %

+ di sease 3 weelg/l(y nieVATS, pEY‘lﬂg%nq o‘”ﬁsp‘d‘é‘ﬁlgs &:@g g\t;tc t ﬂF‘yléqt SPTg; g‘%’lgecfe?!gl S severi ty

- Protectio gRVéowi/in the ToRéwingitableseverity potectio surface

'n n n n

% loat aro infeted

None 58 0
i Emulgator (0.05%) 62 10
10 || Cod tiver oil (UK) 0.5% 9 84
1% 18 69
Cod fiver oil (G} 0.5% 13 78
1% 6 - 90 i
Cuttle oil 0.5% 6 80
15 1% 10 83
Capelin oil 0.5% 8 86

Example 3. Protection of cucumbers against Psuedoperonospora cubensis by’
fish oil at 20°C.

20 % oot are nfoctad_

None 88 o)
“ Oxadixyl 250 mg/L 88 0 *I
u Cod liver oil 1% : . 3 97
I Soybean oil 1% 85 3 “
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4.0 O 4.0 O 17 4.0 O 3.82 0 .23
Cod liver oil HL 1%in 0.08 98 2.0 0 50 1.0 [err]
0.6 75 3.0 [err] O 18 wat er 0. 02 Cod
l'iver oi IExdmpi¥4. rProt&n?Sﬁ dﬂuchniheﬁs agax&Z Psuedoperonsspdia cubensis by>8
1.25 [er r;['_— 33 15 acet one
. 0.47 ish oil under field cgndltlons (Israel) 3 sprags.23 15 Epax GT 5500 1% in
8 g?’ 0 %15]’? Bils wer?l\g}xg d with 0.05% e%lg%obéw}%v)esa%d[‘%é} wgs adcy:dﬁ
Epax GT 5@%@9@0 5 or p%4ﬁsh oil x&gwatter (wiv). Plabi fere lpr%yed 3 tim&bat 1-00120
acet one :
: ~| nt erval \peniﬂlsomtemal,‘ls E\méumrwaﬂ madp drysafiesithe last spray | SFhgeresuitscul at i on.
Pl ants were haI l, errrﬁeefiogg 0 sporangia/n 20 of isolate Merr].
Di sease r&Eé& ‘e@n% &s after inocul ati on. For nul ati on

Exanpl e |p=——Esmsromreerceit oo R gty =h1s h
oil, 65 y ' | cact ommpreousct o Jan
al | dphenad X ’ ) carl Cl 100 Del

t hor oughl f
resul ting

I ained  Th8
is dilutedh with watef before uge. “

O her Eﬁr T Jel a del ayed.r el ease cofrpositromn, t
conventt'o it B and/or a@j uvants. Spch corrposz I ons may (be
Cod liver oil {G) 0.5% 6 83
1% 9 74
Cuttle ol 0.5% 14 60
15 1 % 3 91
Capelin oil 0.5% 8 77
1% 15 57

Example 5. Protection of cucumbers against Botrytis cinerea by fish oil.
Plants at the first leaf stage were sprayed with homogenates of fish oil
20 -and challenged with B. cinerea 3 days later. Percentage of plants dead due to

infection was counted 10 days after inoculation. The results are shown in the

following table.
Treatment I % dead plants I
F None .1 00 )
25 || Cod tiver oit 0.5% 15
Cod liver oil 1% 0
Cod liver oil 2% . 0

While the invention has been described with respect to a limited number
of embodiments, it will be appreciated that many variations, modifications and

30 other applications of the invention may be made.
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PCT/ US97/ 00493

- Dependi ng o??“§¢df by, the Tupgal species Episings saaprising applying, tpthe F‘?ﬁq qrdpliage used

L aoenct 2t B 18 po v UATP O, of SRS ot g R0 0

her bi ci des t@)rnon- lg‘t@tﬁiucgll?uﬂﬂblt hﬁwdtmdfgh@medlqﬂann by tistefungnes Eyliphee t heir
activity or tovm n their ectrumof activit

The method of claim 1, wherein said fizh oil is obtained from a

-

fish selected from the group consisting of cod, haddock, capelin, squid, hake,
shark, halibut, menhaden, sardine, herring, pollack, cuttle, mackerel, sand eel,
anchovy, salmon and gadoid.

3. A method for protecting cucurbits against powdery mildews
caused by at least one of the fungal species selected from the group consisting
of Sphaerotheca fuliginea and Erysiphe cichoracearum comprising applying to
the seed or foliage of the cucurbit or its locus a non-phytotoxic fish oil in an
amount sufficient to non-phytotoxically inhibit infection of the cucurbit by the
fungus Sphaerotheca.

4. The method of claim 3, wherein said fish oil is obtained from a
fish selected from the group consisting of cod, haddock, capelin, squid, hake,
shark, halibut, menhaden, sardine, herring, pollack, cuttle, mackerel, sand eel,
anchovy, salmon and gadoid.

5. A method for protecting grape plant against powdery mildews
caused by the fungal species Uncinulla comprising applying to the seed or
foliage of the grape plant or its locus a non-phytotoxic fish oil in an amount
sufficient to non-phytotoxically inhibit infection of the grape plant by the fungus
Uncinulla. )

6. The method of claim 5, wherein said fish oil is obtained from a
fish selected from the group consisting of cod, haddock, capelin, squid, hake,
shark, halibut, menhaden, sardine, herring, pollack, cuttle, mackerel, sand eel,
anchovy, saimon and gadoid.

7. A method for protecting cucurbits against downy mildews caused
by the fungal species Pseudonoperonospora comprising applying to the seed or

foliage of the cucurbit or its locus a non-phytotoxic fish oil in an amount

* [ L M - *



Fornmul ati wo$nesesd e |1: Seed or tuber dressing ZWHFW@%?
weight of a fish oil is absorbed on a carrier conprising 15 parts of
fine silica and 44 parts of fine kaolijpwth the aid of small anount of

a volatile solvent such as acetone. The€ resulting powder is first allowed

to dry, 10 : . o .
((Ca)t hwenoxﬁu%@%ﬁgﬁi%ﬂt Qgﬁpﬁwwa@%ﬁ’%?ﬁ%e ?gaggﬁm? Wg%let ) and

- 0.5 parts opseabh ripsporalhi s is mxed and ground in a contraplex mll
. at approxi mately 10,000 rpmto an average particle sjze qf bel ow 20
| mcrons. The res8i ti ngheanethodof elaimd, yhsreiacsaid fish Glltlhébféﬁ'@agr%? 3 ubers as

i.an aqueous Qr organie¢ suspensi ' S S Ut f h
. pur pose. _ RSh selg&eci %igf% ﬁeﬁ%@ﬁ%&b@ﬁ@%g{’)E@&ﬁﬁ'@%@fgﬁﬁ%ﬁﬁgrﬁé hgk?’tec? ;[ ve at
control I'i ngslﬁé%,gxlsdéﬁhx menhad€f, éam&gﬁ,g?érhﬁgpﬁmackyaﬁue,bmhm'mMdOeerrrycet es,

-Ascomycet es : lonmycetes Fungi "I nperfecti famlies.
The fol | ow mghosyasaimonian dadeid. of crops and correspondi ng di seases and 20

or gani sms whi ch gan bg, CoRtt Pkl GholeBii SRR GFantd bfhidd Gobin§ ThiMews
caused by the fungal species Peronospora comprising applying to the seed or
foliage of the crucifer plant or its locus a non-phytotoxic fish oil in an amount
sufficient to non-phytotoxically inhibit infection of the crucifer plant by the
fungus Peronospora.

10.  The method of claim 9, wherein said fish oil is obtained from a
fish selected from the group consisting of cod, haddock, capelin, squid, hake,
shark, halibut, menhaden, sardine, herring, pollack, cuttle, mackerel, sand eel,
anchovy, salmon and gadoid.

11. A method for protecting grape plant against downy mildews
caused by the fungal species Plasmopara comprising applying to the seed or
foliage of the grape plant or its locus a non-phytotoxic fish oil in an amount
sufficient to non-phytotoxically inhibit infection of the grape plant by the fungus
Pla&mOpara. '

12.  The method of claim 11, wherein said fish oil is obtained from
a fish selected from the group consisting of cod, haddock, capelin, squid, hake,
shark, halibut, menhaden, sardine, herring, pollack, cuttle, mackerel, sand eel,
anchovy, salmon and gadoid.

13. A method for protecting cucumber plarit against gray mold caused
by the fungal species Botrytis cinerea comprising applying to the seed or foliage
of the cucumber plant or its locus a non-phytotoxic fish oil in an amount
sufficient to non-phytotoxically inhibit infection of the cucumber plant by the
fungus Botrytis cinerea.

14.  The method of claim 13, wherein said fish oil is obtained from

a fish selected from the group consisting of cod, haddock, capelin, squid, hake,

e
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DI SEASE ORGANI SM ﬁ)t ato | ate blight
Phyt opht hora i nf est ans tomat o | ate blight
Phyt opht hor a _i.nf.e . u I
Per onospor aﬁ%ﬁh‘gﬂ ?@&éﬁ%%ﬁf&m’ herring, Poc}%y&lﬁ?%&gw kerel, sand ecl,
f Pseudoperongﬁﬂgvﬁ salihes ahé gadoid! ape downy m | dew
- Pl asnopara viticol a crucifers downy m | dew

Per onospora paratd.ti cA methott foi @rotecting cucumbgswplents agaigstvgray mold
Sphaer ot heca fuljgi,n cucumper . . awder L1d

Elyaiphe o HSHLRELRTiReY SBEFFLpalryis cinerea conBiag appiyine i fhe seed or

- Erysiphe grﬁﬂ‘agé 5f the'ciBtmber ﬁﬁﬁ@éer its locus anon-phyﬂagilﬁgkg{ih’h Bl i §amount

" Erysiphe grammis tritici ri

Pyri cul ari asuffigizatto notphytetoxically inhibit inféctioh ofthe cucumber plant by the
' Cocchliobolus sativum _ bean rust

Uronyces apfagus Baimifis sinemedaheat rust

puccinia gramni g61 ! | thEmethod 3 (cffm 15, wherein said H8A oil is obtained from
Pucci ni a gram ni 8 hor del omat o gray nol

Botrytis ci p€&R selected froniritey group consistinggsfaydvhadliock, capelin, squid, hakBot ryti s

ci nerea gr al?e . gray nol _ Botrytis cinerea 20
gr ape shark, halibupgmerhadgq, sehine, herring, pollackyeytte) mackeselasand eel,

FURTHER EXANPLE I .« Protection of barley against Erysiphe
gramnis f. agckn_o&ﬁ%gﬁaag@ %déﬁl :
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_0ils at 2Gye9r725053 Three-l'éaf pl ants were spray®CIViSONvoGORt one
“solutions of fish oil 25 (1 %wyv) challfenged 1 day |ater, and eval uated 10

days after challenge. The results ari §shovvn in the foll owi ng tabl e.
. Treat ment %Infe{ on relatlveto control
acetone (control) = ™ © 100 Capel in
oil 1% : : : 9 Z ZCod liver oil (Q
- 1% 36 (;_b'ct_\tgr oil (UK 1 %
. 26 WD 97/ 25053 : : : RS b
- PCT/ US97/ 00493 : : = RS 5 16
: Exanpl e 2. Protectijon of cucunbers agai nst Sphaerot hega fuliginea by fish
L oils under field conditions (Iséael) 3 sprays } Eﬁeason
~Fish oils were mxegd with 0.:05 %enutgator (Ww an¢[Water was added
to obtain 0.5 or 1%fish 0|I in watet (wyv). Plants r@ sprayed 3 tines at
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“results

5 weekl y wowersesbs. Eval uati on was made 5 days after the |BEHUSRHOMI3 The
are shown in the follow ng table.

9% | eaf area infected

- 52

. 13

% di sease control

None

6

8
.5

58 0 | gator (0.05%
10 10 Cod liver oil (UK)
9 84
18 69 Cod liver oil (Q
78
6 90 Cuttle oil
10 83 Capel| ho1:h:ii S
86 TR O
: 91 : Exanpl:3::Pr
agai nst Psuedoperjonospora cubensi s by fiisnorT at
Tr eat nent % | eaf aréa Infectefl:
None : : 88
Oxadi xyl 250 ng/ L
Cod liver oil 1%
- 97 Soybeant oil 1%
3 .
¢
|l o
10O
< N - o

o
O—NW<Cn NW>uWi—F> -HU.;

Tr eat nent

0. 6%
1%
0. 5%
1 %
0. 5%
1%
0. 5%
1 %

FIG.2B

FIG.2A

fot ecti on of cucunbers
20[err] C
% di sease control

0
0
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17 Exanpl e 4.
Protection of cucunbers agai nst Psuedoperonospora cubensis by fish oil
under field conditions (Israel) 3 sprays. Fish oils were m xed
wth 0.05% enulgator (ww and water was added ., to obtain 0.5 or 1%
fish oil in water (Wv). Plants were sprayed 3 tigles_at 5 vveeélﬁl
intervals. Evaluation was made 5 days after the Isfxspray. The < esults
are shown in the follow ng table. Treatnment O o g leaf area
i nfected U SEase oMol ©— NomeE N\ @ g p—t
35 : : Enul gat or (C\X\S‘% o F=
43 K 0. 5%
1 %
o 0.5%
1 %
0. 5%
4 ~ 1%
o 0.5%
1 9%
5 oo
g
~ O
o

CUTTLE

124567

CHALLENGE, DAYS AFTER TREATMENT

COD LIVER (G)

0

124567

0

0124567
COD LIVER (HL)

4

3
217
1
0
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Exanpl e Swoymsesat i on of cucunbers agai nst Botrytis ci ner eBCHYSEVa9#930i | .
- Plants at the first [eaf stage were sprayed with honpgenates of fish oi
- 20 and challenged with B. cinerea 3 days |ater. Percentage of plants dead

due to infection was counted 10 dawé6after inoculation. The results
are shown in the foll ow ng table. - Tr eat ment
% dead pl ants None

100 25 Cod liver oil 0.5%

15 Cod liver oil 1 %

Cod liver oil 2%

: 0
_Wile the invention has been described with respect to a |imted nunber
of enbodinments, it will be appreciated that many variations, nodifications
~and 30 other applications of the invention may be nade. WD 97/ 25053
~-PCT/ US97/ 00493 - 18
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WHAT | S CWOINVEERSS S: 1. A nmet hod for protecti nRCHESBH493] ant

* agai nst powdery m | dews caused by the fungal species Erysiphe conprising
applying to the seed or foliage - of the cereal plant or its locus a

. non-phytotoxic fish oil in an anowys %%fficient to non-phytotoxically
inhibit infection of the cereal plant the fungus Erysiphe. 2.

- The nethod of claim1, wherein said figﬁﬁibll is obtained froma  fish

' selected fromthe groyp.consisting of ©o® haddock, capelin, squid, hake,
Shark, halibut, menhaddg, sardine, he |ug cpollack cuttle, mackerel, sand
eel, anchovy, sal non X0 A nmethod for protecting

.cucurbi ts agai nst po E - S%ycat | east one of the fungal
speci es sel ected fromit hgs sy st i ng a Sphaer ot hecaf ul i gi nea and

. Erysi phe cichoracearu Faroigla o =—-~ TR N’ the seed or foliage of the
~cucurbit or its |ocus |a FomE W0 e W > I N an anmount sufficient
to non-phytotoxically i Feton[:a cecurbit by the f ungus
Sphaer ot heca. et pd o f in131_mherein said fish oi
is obtained froma FFMIE p &@nsisting of cod,
haddock, capelin, squi{d, Gk r N:ha , hadengysar di ne,
herring, pollack, cutt E d BN A<an ovy &3 mon and
gadoi d. 5. { for: egt: pl anj :agai nst powdery
m | dews caused by t HENRCH e § U wagg rlsiéa applying to
the seed or foliage EHE Rt:: ' ‘dcus a n@n- phyt ot oxic
fish oil in an anmount gEf NGl ent] tY: Oélﬁal l'y inhibit infection
of the grape plant by the FunRgus: 0 ) 6. The net hod
of claimb5, wherein said f\sh9ilys a veﬁPa< fish selected from
t he group consisting of cod\haddock,-—capEaaEsdqui dn hake, shar k
hal i but, nmenhaden, sardine, ha(rinr ,jﬁz t| ez mackerel, sand eel,
anchovy, sal non and gadoi d.

t hod=f or protecting
cucurbits agai nst downy m | dews taus®d ™N by-tHe fungal species
Pseudonoper onospora conprising applying to the seed or foliage of the
cucurbit or its | ocud-aunea-<Pytot ownesf> sl cgi-++ H-—-an anount
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= non-phytotoxically inhibit infection of the cucurbit by the fungus

~ Pseudonoper onospor a. 8. Thé/éet hod of claim 7, wherein said
fish oil is obtained froma fish selected fromthe group consisting of
cod, haddock, capelin, squid, hake, shark, halibut, menhaden, sardine,
herring, pollack, cuttle, nackerel, sand eel, anchovy, sal non and gadoi d.

- 9. A nmethod for protecting crucifer plants against downy m | dews

caused by the fungal species Peronospora conprising applying to the seed or
- foliage of the cfucifer pliant or itis : ofa toxic fish oil in an

- “anount sufficient to non-phyt ot gxi 3“@’% %‘% on of the crucifer
plant by the fyngus Perdnospora.|: s%;Q\§§ ﬁ§§§§ ‘f @ethod of claim9
Wherein said fish oil is gbtained [fi @wa SRR

"""W
Qﬁ’&k&& :&‘u CRR RN ;

: t fromthe group
consi sting of cog¢l, haddock, capelilr, h@x k, hali but,

‘menhaden, sarding, herring, pollack > sand eel A
anchovy, sal non and gadoi d. 11, A met hod_flor protect®@g grape
pl ant agai nst downy nil devis caused by the:fungpiiisheci Pl asgepar a
conprising applyilng to the seed or : foliagé of |fhe:: F@gg?plant its
| ocus a non-phytqtoxic fish oil in an anmount : sHf:fiiel enfsto [z,
non- phyt ot oxi cal lly inhibit: infection of the grapetipl:zmt SOthe fungus

- Pl asnopar a. 12. i The nethod of clai m 1fiiiMer eid said fish oi

i s obtained fromte—a-fish-soloctes or-t-he—group—eosSi sting of cod
haddock, capelin¥ squid, h3ke, SWark, hal Tbut, nenffaden, sardine,
herring, pollack, e bew rackenel (nsandgaek,— +— anchovy, sal non and
gadoi d. 13. A nethod for protecting cucunber plant agai nst

gray nold caused by the fungal species Botrytis cinerea conprising
applying to the seed or foliage
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_of the cucunber plant or its locus a non-phytotoxic fish oil r{?&%
“sufficient tl’@dﬁ‘ phyt ot B¥7QREP PYELLEGTUAL BRO ewymuwthe cuchh pI a

t he fungus Botrytis cinerea. The net hod of cI aim 13,
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(54) Title: PLANT PROTECTION USING FISH ?IL/
(ST) Abstract '

A composition for protecting a crop against fungal diseases which includes one or more fish oils used in association with an
agriculturally acceptable diluent and, preferably, with a metal salt. Also provided is a method for protecting a crop against fungal diseases
which includes applying to the seed or foliage of a crop or its locus, a fish oil in an amount sufficient to induce the local and/or systemic
resistance of the crop to control the fungal disease.




