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ABSTRACT

A series of narrow distillaticn range mineral oil fractions and three
wide range oils (150 neutral, BP85 and gas oil) were tested against Downy
Mildew of Grape &ine, Powéery Mildew of Cucumber and Chocolate Spot of Bean.
The relationships between disease control, phytotoxicity and the physical
apd chemical characteristics of the olls were investigated and the effects of
‘the o0ils on the pathogens and host plants determined.

In leaf disc experiments the saturated hydrocarbon components éf oil
fractions gave only slight control of Viné Downy Mildew although in field

- experiments, BP85 gave between O and ¢. 80% control of artificial infections
-bﬁt was unable to check the progress of heavy natural ihfection. The
unsaturated components gave good disease control but high phytotoxiecity, both
of which increased wifh decreasing distillation temperature. Complete control
With minimél phytotoxicity was obtained with a deposit of ¢. 3 mg/100 cm2
of an oil fraction with a distillation range of %26 to 54100. Control, which
decreased_slightly with inqreasing leaf age and inoculum concentration was also
obtained when the oil was applied after infection. It had no direct toxic

‘action on the sporangia or zoospores of Plasmopara viticola and had no effect

'

on the activity of leaf diffusates towards sporangia.

Similar experiments with Cucumber fowdery‘Mildew showed that both saturated
and unsaturated fraction components. decreased disease but that the unsaturated
component of the most active fraction tested was c. 27 times as effective as
the saturated component. Disease control and phytbtoxicity increased with
decreasing distillation temperature. Increasing conidial inoculum levels
decreased disease control which for the unsaturated component was caused by a
reduction in hyphal growth, there being no effect on conidial germination at

the low 01l levels used.

BP85 did not control Chocolate Spot but increased lesion spread by both

Botrytis cinerea and B.fabae.
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GENERAL INTRODUCTION

i

The liferaﬁure on the effect of mineral oils on plant diseases hasg
been comprehenéively reviewed by Calpouzos (1966,1971) and Skellern (1968)
and so will not be dealt with in detail. It is worthy of note, however,
that although a wide range of diseases has been tested only one, Sigatoka

%leaf spot of bananas, has been successfully controlled on a commercilal
scale. The use of o0ll against this disease was first reported by Guyot
and‘Cuille (1955) and had considerable advantages over conventional
fungicides, compared with which it was cheaper, could be applied at very
low rates thus reducing labour costs, and was of low toxicity to man and
animals. The main disadvantagé which emerged later was phytotoxicity and
although more highly refined oils and improved spraying techniques helped
to reduce this, there are still conflicting reports on the effect of oil

on banana yield (Meredith, 1970).

The mechanism of action of oil in controlling plant diseases in general
may be either by direct fungitoxic action upon the fungus or indifectly by
making the host more resisfant. An example of the first case is the
- control of powdery mildews. Castellani and Matta (1964) showed that oil
acted directly by ;nhibiting germination or gfowth of quiescent, swelling
ér germinating conidia and by retarding mycelial growth. Sigatoka leaf
spot control provides an outstanding example of the second case. 0il has
very little direct effect on the fungug but is able to reduce and delay

disease development even after the fungus has established itself inzide the

leaf (Calpouzos et al., 19590, 1960b). However, the exact mechanism remains

to be determined. = A third and rather unusual case is the control of wheat
et al
stenn rust.  Rowell/(1857) showed that oil induced the formation of

appressoria by Puccinia graminis var. tritici in non-stomatal areas of wheat




leaves and that these, presumably non-infective appressoria, could
similarly bé induced when rust spores were germinated on scratched,
o;l sprayed pieces of plastic. He suggested that on the leaf,
indentations such as veins acted in the same way as the scratches,

and in the presence of oil induced the fungus to producc non-infective
appressoria. Previous work had also suggested that oil may have had

an indirect action after penetration (Rowell, 1957).

Apart from papers by Calpouzos et al., (1959,1961 a,b,c), Delfel et al.,

(1962), Pearson (1958), Price (1960), and Riedhart (1964) all on Sigatoka
- leaf spot of bananas, there has been very little work published on the
relation between type of oill and disease control. The present work is a
study of oil types in an attempt to discover other diseases which might be
controlled with o©il, to correlate the physical and éhemical characteristics
of oils with fungitoxicity and phytotoxicity, and to investigate the
mechanism of action where control seems promising. This has involved

the separation of a single crude oll into a series of narrow-cut oil
fractions distinguished by distillation range. These fractions have been
further separated into saturated and unsaturated hydrocarbon components

énd these tested for thelr actlvity against a number of-diseases. Threé
0lils of wide distillation range have alsoibeen tested against the same

diseases.

The two main diseases investigated have been powdery mildew of

cucumber caused by Sphaerotheca fuliginea and downy mildew of vine caused

by Plasmopara viticpla.' Both have been reported to be controlled with oil

(Castellani and Matta, 1964,1962), but there has been no further study of
the effect of oil type and for the downy mildew, no evidence for a
mechanism of action. A third disease, chocolate spot of bean (Yicia faba )

has provided a convenient example of disease resistance. Manning (1968)



suggested that the effect of o0il in controlling Sigatoka leaf spot might
be associated with the induction of a pﬁytoaléxin or phytoalexinmlike
substance. Thus as the phytoaleiin involved in chocolate spot has been
determined (Letcher et al., 1970), the effect of oil on the disease was
studied in the hope fhat 1t might provide more evidence for this

hypothesis.
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MATERIALS & METHODS

-

N

A, PLANT MATERIAL

1. Source and cultivar

a) Vine. Vitis vinifera L. "Black Hamburg", a greenhouse cultivar that

i1s susceptipble to vine downy mildew was used in early experiments and was
originally .obtained as propagating material from a vine in the walled garden,

Silwood Park, Ascot, Berks., (Skellern, 1968).

"Rieslingf, a. cultivar also susceptible to downy mildew was obtalned
as seedé'from Miss A. Cole, I.C.I. Research Station, Jealotts Hill,
Bracknell, Berks. These seeds were originally obtained from grapes in Germany
and the seedlings grown from them were used in later experimenis when

"Black Hamburg" was not available. o -

b) Cucumber. Cucumis satlvus L. "Improved Telegraph", a cultivar that

grows well in both cool and warm conditions was used throughout and obtained

{

from Sutton and Sons Ltd., Reading.

¢) Bean. Vicia Faba L. "The Sutton", a commercial cultivar, was used

- throughout and obtalned from Sutton and Sons Lid., Reading.

2. _ Plant Growth

a) Vine
i)}  Root-stocks

These were originally propagated from softwood cuttings from Silwood
Park (Skellern; 1968). During the winter the root-stocks contained in
10in (25.4cm) clay pols were stored in cold frames. When the sap started
to rise i1n the Spring they were transferred to a cold storage room at
C. 500 while the author was in France condﬁcting field trials. When
required they were transferred to a greenhouse to allow bud burst and the

resulting shoots then grew rapidly. Fresh material was obtailnzd by
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propagating from these plants as described by Skellern (1968). A
section of stem about 2in long was taken which included a bud and its
subtending leaf. This was pressed into moist peat in a heated
propagating case. After roots had been formed the bud bhurst and a
shool. grew out. The cuttings were then potted into 5in (lE.?cm) clay

pots in "John Innes No.l" potting compost.

i) Seedlings

As germination was very low, seeds were used in batches of 15 g
these being sufficlent to give c. 20-3C seedlings. They were treated
as follows:~
1) Soaked for 48 h in tapwater.
2) Washed in running tapwater.
3) Sterilized for 5min in sodium hypochlorite (2% available Chlorine).
4) Thorovughly washed again and excess water removed.
5) - Vernalized by placing them in sealed Petrindisheé in a refrigeralor
at c. 500 for 5 wk. After this time they were sown Jjust below th@
surface of "John Innes No.l" potting compost in plastic seed trays.
Germination occurred in 1-2 wk and seedlings were potted into %3in (8.9cm)
pots after about a month. Plant age varied at the time of use but was
usually not less than 2 mgnth from sowing. Those -which had grown too
large were cut back after which they continued to produce fresh shoots.

This technique appeared successful as long as an egtablished root system

was present. ‘

One problem encountered was natural infection by powdery mildew.
As the vines were réquired for tests against this disease, 1t was
undesirable to use sprays such as Karathane which might leave a persistent
deposit. Initially Deciquam (di-decyl di-methyl-ammonium bromide), ap

ngionic wetting agent produced by the British Hydrological Corporation,
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was used, but although it proved effective against mildew, it also
caused flecking and shrivelling of leaves, and its use was therefore
~discontinued. As water sprays were reported by Yarwood (19%9) to
control powdery mildews, thé plants were watered regularly from above
so that the leaves were thoroughly washed. Later the plants were
removed to the misting section of the-college greenhouse at South Kensington.
Hére théy were placed directly under the mist sprayers so that the leaves
were kept continually wet. This was discontinued as white deposits,
presumably originating from the misting section, built up én the leaves
and manual watering was recommenced. Although removed from the direct
spray of the misters, the plants were kept in the same section as it was

noticed that the vines grew better under these humid conditions.

Although overhead watering kept down the incidence of mildew on v
the uppér leaf surfaces infections continued to appear on the lower
surfaces. Those plants which were to be used for downy mildew but not

powdery mildew inoculations were therefore treated with Karathane dust

using a hand puffer. This treatment effectively controlled the disease.

. Finally, infestations of glasshouse red spider mite were kept down

by fumigating with azobenzene.

b) Cucumber
Seeds were sown initially in 33in (8.9cm) pots of "John Innes No.l"

potting compost. It was found later, however, that the soil was infested
with the larvae of a fungus-gnat which attacked many of the seedlings
below soil level, causing them to wilt and die, though older plants seemed
less susceptible. = Seeds were therefore sown in horticultural vermiculite
and watered with Bio liquid plant nutrient (Pan Britannica Industries,
Waltham Abbey). Ygung seedlings were watered with a 1: 600 dilutign

and older plants with a 1 : 300 dilution. Coarse grade insulating
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vermiculite was found unsuitable as it did not provide a sufficlently
firm attachment for the roots so the finer grade horticultural

vermiculite . was used.

c)  Bean

Seeds were wrapped in moist tissue paper and germinated in the
dark at ZOOC. After 4 d healthy seceds with an emergent radicle were
sown in "John Innes No.l1" potting compost, in 5%in diameter plastic pots,
two seeds per pot. The planté were grown in the greenhouse kept at
a temperature of 20—2500 with a 16 h photoperiod. Additional lighting
was provided by four 80 watt "White" fluorescent tubes suspended about
2 ft (6lem) above soil level. The pots were watered by hand daily
Cuntil the first leaves emerged from the soil. Thereafter the greenhouse

automatic watering system was considered adequate. The plants developed

four expanded leaves, 3-4 wk after planting.

3. Experimental Material

a) " Vine

i) Whole Plants

Apart from a final test of aromatic fraction phytoxicity, seedlings

-were only used to maintain the culture of Plasmopara viticola.

i1) Leaf discs

These were cut with a 10 mm cork borer from susceptible leaves of
both rooct-stocks and seedlings. They were floéted on distilled water
in staining dishes divided by microscope slides into three sections.
This arrangement facilitated a direct comparison of treatments on discs
of the same leaf thlst making economical use of incubator space. As
shown by Skellern (1968) the discs could be maintained on distilled water
for up to 4 wk without showing obvious signs of senescence. The use of

tapwater or Kinetin caused browing at the edges. In experiments with
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Plasmopara viticola the three compartments, each containing five leaf

discs, served as three replicates for each treatment. Bach replicate
was numbered and similarly numbered replicates consisted of discs from
the same leaf. Whenever feasible this applied to all replicates but
with the smgll seedling leaves was not usually possible. The size of
the discs was restricted to 10 mm as the leaves of seedlings, from which
material for the majority of experiments was taken, were much smaller
than those from the older root-stocks. This ensured that all treatments
were randomized on each leaf, thus compensating for the great variation
found by Skellern (1968) in reactions to oil and disease. The lids of
the staining dishes could be sealed on with Vaseline petroleum jelly
giving c. 100% r.h. to ensure maximum sporulation. Unless otherwise

stated, experiments were carried out in an illuminated incubator at 2000.

b) Cucumber

i) Whole Plants

These were used mainly for culturing Sphaerotheca fuliginea as they

were difficult to spray consistently when testing oils against the disease.
They were used however, for testing the effect of oils on plant growth

and leaf permeability, and for final tests of fungitoxicity and phytotoxicity
of oil frac%ions. All plants were grown at Chelsea Physic Garden until

required, to prevent infection from cultures of Sphaerotheca fuliginea

maintained‘on cucumber plants at South Kensington,
ii) Leaf discs

These reduced experimental variation as a large number could be cut
from the same leaf, and were very easyvfo spray and inoculate. They
were cut with a 10 mm cork borer from young expanding leaves, and either
placed on 0.25% water agar or floated on tap water in plastic Petri-dishes,

~all treatments in any experiment being randomized on each leal used.
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The number of replicate discs used for each treatment was ten for
disease assessment and twenty for chlorophyll measurements. To
prevent water condensation on leaf discs, Petri-dishes without lids
were placed in germination trays. Up to fifteen dishes in two tiers
could be accommodated in each tray. Experiments were carried out in

an illuminated cabinet at 2OOC.

c) Bean

i) Detached leaves

/

Detached leaves were used throughout, plants being selected at
the féur leaf stage. Leaf surfaces were washed thoroughly in a Jet
of distilled water and allowed to dry. Leaves were detached, their
petioles wrapped in moist paper tissue and placed in plaétic sandwich
boxes (17.5 x 11.5 x 3.0 em) lined with moist paper tissue. Test

tubes were used to support the leaf surfaces in a horizontal position.

B. FUNGAL MATERIAL

1. . Origin of Cultures

a) Plasmopara viticola (Bert. and Curt. ex de Bary) de Toni was

obtained from Jealotts Hill Research Station.

b) Uncinula necator  (Schw.) Burr., was obtained as naturally

infected material from the greenhouse at South Kensington.

c) Sphaerotheca fuliginea  (Schlecht.) Poll was obtained from

Miss A, Cole, I.C.I, Research Station, Jealotts Hill, Bracknell, Berks.,

identification,being based on conidial characteristics as described by
and Ballantype

Kable et—ad. (1963).

a) Botrytis fabae Sard. strain 3 (F3) and Botrytis cinerea Pers.

strain % (C3) were obtained from J.W, Mansfield, Botany Department,

Imperial College.
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2. Culture Techniques

a) P.viticola, an obligate parasite was maintained on young vines.

Sporangia were collected either by agitating sporulating leaf pieces
in distilled water in a test-tube, or by vacuum into a glass side-arm
test-~tube. In the latter case sporangia were washed down into the
~tube with distilied water and then shaken to disperse them. Sporangial
viability was found to:be the same for both methods except that washing
often gave better results if the cultures had been kept in dry conditions.
Concentrations were obtéined by dilution after counts with a haemocytometer.
The concentration usually used was 5 x lO5 Sporangia/ml.

Suspensions were sprayed on to the underside of susceptible leaves
using a spray pen (Colour Spray Ltd., North Road, London N.7.)
connected to an air cylinder at 5 lb/in2 (5447}.§/ﬁm2). The plants were
then surrounded by a plastic bag and supported over water to maintain
high humidity for 24 hlin an illuminated cabinet at QOOC. The bag
was removed and the plants left in the incubator for 4 to 5 d when
chlorotic areas appearéd. The bags were then replaced and left overnight
in the dark to induce the formation of sporangia. If s@porangia were |
not required quickly, disease development could be slowed by removing the
plants after 2 d to a cold room at SOC. In this way cultures could be
maintained succegsfully in theAleaf for up to 2 wk. Longer periods of
storage were not attempted. Sporulating cultures maintained their
viability for some days after induc£ion and often two or even three crops

of sporangia could be obtained from the same leaf.

b) g;necator,being an obligate parasite was maintained on vine seedlings
kept at South Kensington, Fresh plants from Chelsea were infected at

1-2 wk intervalsg by blowing conidia from infected plants on to young leaves,



infection being reduced on older leaves, Although Delp (1954)
found that moisture stress had little effect on mildew development
to sporulation, it was found that surrounding infected plants with a

plastic bag favoured sporulation.

c) S.fuliginea also being obligate was maintained on cucumber

kept at South Kensingtén. The culture was very easy to maintain and
large guantities of conidia could be produced from a few plants since
all leaves were equally susceptible. Conditions of high humidity were
not necessary for infection or sporulation and fresh plants were

inoculated as for U.necator.

a) B.fabae and B.cinerea were both grown on Medium X (Last and Hamley,

1956) in conical Pyrex flasks at room temperature. B.cinerea
sporulated well in daylight whereas B.fabae required 'black light'
’(Philips fluorescent tubes with an emission spéctrum of 316 - 410 mu
and a maximum emission at 360 mu). Fresh flasks of Medium X were
inoculated by adding about 5 ml sterile distilled water to each flask
and transfering a small sectlon from a sporulating culture to them.
The flasks were then agitafed so that the spores were spread evenly'

over the agar surface.

3. Experimental Teclhmiques
a) Inoculation and incubaticn
i) P.viticola

Each 10 mm vine leaf disc was inoculated with a single 20 ul drop
of a suspension containing 2 x lO5 sporangia/ml using an 'Agla'
micrometer syringe fitted with a hypodermic needle,. Ice cold distilled

water was always used to prevent the cytoplasm of sporangia from cleaving
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before incculation. Tubes containing sporangial suspensions were

kept in beakers of crushed ice. Inoculations were usually carried out
with about 2 to 3 h of the daily light period remaining as inoculations
carried out with longer periods Pf light remaining delayed sporulation.
High humidity was maintained for 24 h by placing lids on the staining
dishes which were then placed in an illuminated cabinet for 24 h .
After this time the lids were removed, the drops taken off with a
Pasteur pipette and the dises allowed to dry. The lids were replaced
forfa further 2 d when they were sealed on the dishes with Vaseline
petroleum Jjelly to ensure c. 100% r.h. for the induction of maximum
sporulation.

ii) U.necator and S,fuliginea

Leaf dises were 1lnoculated using settling towers constructed from
cardboard and whose diameters varied with the size of the experiment,
but were always a minimum bf 100 cm high. Petri~dishes containing the
discs weré arranged in the bottom of each tower so that a maximum gap
of 5 cm was left between the dishes and the sides of the towers to allow
for edge effects. Before -inoculation the discs were always arranged
so that each Petri-dish contained discs from each treatment. This
ensured that all treatment replicates received the same conidial deposit
variation and was hecessary since it was found in early experiﬁents that
the degree of control obtained with oil sprays depended on inoculum level.
Fresh 24 h old conidia were used for each experiment and obtained by
blowing off spores from sporulating leaves 24 h before they were required.
Plants were then held at the top and to one side of the towers and conidiza
removed using a hand puffer, and allowed to settle. An attempt was made

to ensure that all parts of the tower received similar ilncculum levels.
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The latter was determined by placing coverslips among the leaf discs

and determining the nunber of conidia/cmg. Petri-~dishes containing

leaf discs on agar or floating 22 water were arranged in germination

trays as described before and incubated in an illuminated cabinet at
o

20°C.

'iii) B,fabae and B.cinerea

Suspensions of spores of both.fungi were prepared by adding about
50 ﬁl of sterile distilled water to 10 - 15 d cultures of both fungi.
The sporulating mat of each culture was genlly scraped with a sterile
inoculating loop and the resulting suspension filtered through four
layers of muslin to remove hyphal fragments. The spore suspensidn was
washed three times witﬂ sterile distilled water by centrifuging at
850 g for 1-2 min, Unless otherwise stated spore concentfations of
both fungli were made up to 5 x’lO5 spores/ml after haemocytometer counts.

The inoculation technigue used was essentially similar to that
used by Deverall (1960). Ten drops (10 pul/drop) of spore suspension
were placed on the upper surface of each leaflet by means of an 'Agla'
micrometer syringe filtted with a hypodermic needle As the large
spores of B.fabae tended to settle quickly the suspension was stirred by
introducing an air bubble into the barrel of the syringe which was
rotated after every five drops. After inéculation, the boxes were
" closed using tightly fitting lids with bﬁeces of molist tissue adhering
to their lower surfaces which, as shown by Skipp (1970) prevented the
formation of large water drops which might fall onto the leavés. The

boxes were incubated in an illuminated cabinet at 17OC.

b) Release of powdery mildew conidia from leaf discs

A standard technigue was designed to measure the effect of oil
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sprays on the release of conidia from sporulating leaf discs. The
development of the technique is described in Experimental Section 111,
oniy‘the final arrangement being described(here.

Discs (10 mm diameter) were carefully cut from sporulating leaves
with a cork borer and fioated on tap water. When required they were
placed on paper tissue to dry the underside of each disc A pin was
thén gently inserted through the centre of the disec and used to carry.
and attach the disc to a piece of plasticine attached to a wooden block
(2.5 x 7.5 x 6 cm) as shown in Figs. la and 1b. The block was held at
an angle of 9,200 to the vertical with a Pasteur pipette held firmly at
a distance of 1.5 cm vertically above the disc. The pipette and block
were then moved into a position adjacent to a cul-away section at the
top of a settling tower (8 x 75 cm) as shown in Figs. lc and 1d. Conidia
were then released by two sharp puffs from the Pasteur pipette. They
were retained in the tower by the opposite wall and settled on to a coverslip
at the b&ttom.

Four replicates of eight discs were used for each treatment and

100 conidia were counted on each coverslip. RéSults were expressed as
o 2 ‘

conldla/cm .

c) Spore germination tests

i) P.viticola and Botrytis sp.

Spore germination tests with these fungl were carried out on new,

glass slides cleaned as follows:-

1) Slides thoroughly washed in hot water and Stergene, a nonionic
detergent,

2) Rinsed in hot tap water followed by distilled water to remove
detergent.

3) Allowed to stand in glass distilled water for 48 h.
by Drained, soaked in Analar acetone for a few hours and finally

drained and dried in a hot oven.
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Fig. la. Wooden block with leaf Fig. 1b. Side view of blouck

disc attached

plasticine

plasticine
pad

pin holding
leaf disc

in pl%fe vf*“
(A Jf

. drawing
pin

Fig. lec. Settling tower shewing Fig. 1d. Sectional view of block

pipette and tower

cut away section

PasteUr  meweecommmmomosnd
pipette
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vThe exclusion of the conventional laboratory glassware cleaning
chemical, chromic acid, was recémmended by Deverall (1965) who found its
use undesirable in experiments on the stability of IAA, which still
contaminated glass slides after copious washings in hot tap water and
glass distilled water. Smith (1967) found both Decon 25 and Chemico
unsatisfactory as cleaning agents, the former being ineffective in
removing material adhering to slides and causing drops to spread excesslvely,
the latter being difficult to‘remove from slides. The procedure
deseribed above has been found by other workers in the Botany Department,
Imperial College, to give satisfactory results in germination tests
with a number of different fungi.

Three 20’pl drops of sterile distilled water (ice cold for P.viticola)

were placed on the slides and to each was added a 2 pl drop of a

suspension of 5 x 105 spores of Botrytis sp/ml or 4 x lO5 sporangia of
P.viticola per ml of ice‘cold water (to prevent cytoplaémic cleavage).

The slides were placed in sandwich boxes (17.5 x 11 x 3.0 cm) lined with
molst paper tissue and supported 1In rows of four to six by two test tubes.
As described for the inoubétion of Botrytis sp., care was taken that the
1id of each box fitted tightly and was also lined with ﬁoist tissue.

Both fungi were kept in the dark at lTOC for 24 h. For each of six drops
200 spores or sporangla were counted. Germination for P.viticola was
given by the number of empty sporangia and for Botrytis spP, the

presence of a recognisable germ-tube of any length.

ii)  Powdery mildews

New coverslips (18 mm x 18 mm) were hand cleaned by rubbing them
without any cleaning agent between first finger and thumb under running
tap water. They were then rubbed between two layers of paper tissue

until they felt completely smooth. This method of cleaning was found
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by R.G. Perera (personal communication, Imperial College, 1970) to give
good results in germination tests with a wide range of powdery mildew
speciles. Coverslips were dusted with 24 h Qld conidia produced as
for leaf disc inocculations using an inocculation tower. With S.fuliginea
greater germination was obtained by using spores from lightly infected
leaves on which colonies were scattered and from which old conidia could
be removed. With more heavily infected leaves the halrs made complete
removal of old conidia difficult, even when the leaves were blown
vicolently.

Coverslips bearing conidia were guickly removed from the tower
and placed in huﬁidity chambers as described by Marmers and Hosain (1963).
These consisted of staining blocks containing distilled water and
transparent glass 1lids with two small fragments of glass stuck on to the
under Surface of each 1id with Araldite or parraffin wax, The cqverslips
with conidia were stuck on to the fragments with Vaseline petroleum jelly
so that on assembly of the chambers, the coverslips were suspended within
a few mm of the surface of the water With the conidia in the narrow space
between the 1id and Covers}ip. This prevented water condensation round
conidia which inhibited germination.

Germination waé determined after 24 h when the 1lids of the humidity
chambers were removed and the coverslips piaoed,on microscope slides. For
- each of four replicate coverslips a total of 100 nqn—contacting conidia
were counted, the criterion for germination being taken as the presence of
a recognisable germ tube of any length. Conidia in groups were not
counted as these were found by R.G. Perera {personal communication, Imperial

College, 1970) to give poor germination.

d) Examination of fungil in vivo

i) Chlorine bleach

The technique of Janes (1962) was used in an attempt to study the

behaviour of zoospores of P.viticola on vine leaf discs. Chlorine was
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prepared from a mixture of potassium permanganatbe and concentrated
hydroechloric acid. The gas was passed through water to remove acld
arid directed on t5mm discs cut from the inoculated area of 10 mm leaf
discs and resting in a Petri-dish. The discs bleached most rapildly
when moist on their undersurface but not floating on water or resting on
moist‘filter paper. After hleaching, the discé were treated with
ammonia vapour to remove excess chlorine and stained and mounted 1n a
phenolic solution of acetic acid-aniline blue (Jones and Mollison, 1948)

and examined under high power and oll immersion objectlves.

il)  Precce technique

This technique of Preece (1965) as used for vine by Royle (1971) was
also used to study the behaviour of zoospores of P.viticola on leaf discs.
A 5 mm disc was cut from the inoculated area of a 10 mm leaf disc and
treated as follows:-

1) Fixed and decolourized in ethanol.

2) Warmed in a mixture of ethanol and acetic acid (1:1) for a
few minutes.

3) Stained for 2-3% min in phenol-acetic-zniline blue (Jones

and Mollison, 1948).

4) Rinsed in 80% ethanol to differentiate fungal material.
5) Transferred to ethanol.
6) Mounted in Euparel Essence.

Mounts were examined under high power and oll obJjectives.

iii) Celloidin peel

This method was essentially the same as that of Wenzl (1939) and
was used for studying germination and growth of germ tubes of S.fuliginea
on cucumber leaf discs and the germination of sporangia of P.viticola

on vine leaf discs. Celloidin wool (Griffin and George Ltd) was made up
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to 5% in a mixture of absolute alcohol and ether (3:1). This was
smeared on the infeclied surface with a thin glass rcd, allowed to dry
for 30 to 90 min, depending on the thickness of the film, peeled offl

and stained in 5% aniline blue in lactophenol and mounted in lactophenol,
All fungal structures outside the cutlcle were removed by tlhie peel which
also_conﬁained impregsions of plant hairs and epidermal cells. The
preparations could be kept for many months by occasionally replenishing
the lactophenol. A second peel was always taken from each leaf disc

to ensure that ali conidia had been removed.

e) In-vitro bicassay of oils

i) Agar diffusion

The technigque was esséntially that of the filter-paper disc method
described by Vincent and Vincent (1944) and modified by Maruzzella and
.Liguori (1958) for testing the anti-fungal activity of essential oils.
Further modifications included the low temperature pre-treatment of

seeded plates and the use of diluted agar medium.

Plates of Botrytis cinerea spores seeded in 50% Czapek-Dox nutrients
in 1.2% agar were prepared as follows. A dense suspensicn of spores wés
prepared by adding 10 ml aliguots of sterile distilled water to sporulating
cultures of B.cinerea cn Medium X (Last and Hamley, 1956). The surface
of each culture was gently rubbed with a sterile inocculating loop, the
flask shaken and the resulting suspension poured into a sterile bottle.
Using a sterile pipette, 0.5 ml aliquots of suspensions were added to
tubes of sterilized and melted agar maintained at 9,4500 in a water bath.
After mixing rapidly the agar in each tube was poured over a basal layer
of 7.5 ml solidified agar in a 9 cm Petri-dish. The seeded plates were
then kept c. BOC until required.

The o¢ll samples were tested as follows. Filter paper discs
(10 mm, Whatman No.l), sterilized by autcclaving at 15 lb/in2 (1034214 ng)

for 15 min, were scaked in the oils under test, excess oll removed by



- oL

draining for a few scconds, and placed in the cenires of seeded plates.
These were then kept at c. ZOC for a further 4 h and then removed to

an incubator at 2500. Fungitoxicity of the oils was measured at 24

and 48 h as the width (mm) of the clear zone of growth inhibition around

the paper discs, Four replicate plates were used for each treatment.

ii)  End-point technique

This was essentially the methced described by Barnes (1963) for

testing the toxlcity of vegetable olils to Fusicladium effusum. Discs

(10 mm) were cut from both mycelial (4 d on Medium X) and sporulating
(10-15 d on Medium X) cultures of B.cinerea and treated with oil as
follows., Three discs were added to about 5 ml of test oil (sterilized
by millipore filtration) in sterile vials covered and shaken vigorously
to dislodge air bubbles. After varying periods of immersion the discs
were removed, drained of excess o0il, and placed equidistantly on an
agar plate. Growth on and out of the discs was recorded as + or - or +

(s1i) (=slight).

C. DISEASE ASSESSMENT

1. P. viticola

Sporulation on leaf discs was estimated by both visually grading
sporulating lesions and by washing off and counting the number of sporangia
produced.

Grades were on an arbitary scale from O to 5 as shown in Table 1.

Table 1 P. viticola sporulation-visual grades
0 nil
0.5 trace
1.0 sparse
2.0 sparse-light
3.0 light
4.0 moderate
5.0 heavy
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By continually comparing replicates fairly reliable grade
estimates could be obtained though grade values were not necessarily

comparable in different experiments.

Sporulation counts were made by agitating the five replicate
(V/V}
dises in 0.5 ml 20% ethanol in a small glass tube (1 x 5 cm) using a
"Whirlymixer". Agitation was continued until all sporangia were

removed and the resulting suspensions counted with a haemocytometer;

the results are expressed as the number sporangia/disc.

As shown by Malcolmson (1969) for Phyfophthora infestans the
ethanol preserved the sporangia and their contents for many weeks and

even after 4 montls preservation was still good,

2. Powdery mildevs

a} Leaf area cover '

Disease incidence was estimated in terms of the percentage
leaf area covered with mycelium. As it was often difficult to identify
infected areas clearly because of leaf senescence, discs were first
decolourized in ethanql, stained in phenol-acetic-aniline blue
(Jones and Mollison, 1948)Jand rinsed and stored in distilled water.
The discs were then scored for mycelial coverage‘using standard area
diagrams based on the HorsfalléBarraft Grading Sysfem (Horsfall and
Barratt, 1945) and shown in Fig. 2. This system is based on the
Weber-Fechner law which states that ﬁhe human eye distinguishes
according to the logarithm of the light inﬁensity. Thus grades are
based on equal ability to distinguish, not on .equal disease. Below
50% the eye sees the amount of aiseased tissue aﬁd above it the amount
of"disease free tissue. Taking 50% as midapoiht; grades differ by

a factor of two in each direction as shown in Table 2.
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Fig. 2. Standard area diagrams based on the Horsfall-Barratt (1945)

grading system
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Table 2. The Horsfall-Barratt Grading System

Disease Grade Percentage Disease Cover

1 0

2 0-2
P, 5-6

4 6-12
5 12-25
6 25-50
7 50-75
8 75-87
9 87-94
10 94 -G7
11 97-100
12 100

A calibration curve is set up (Fig. 3) with grade numbers on the
X-axils and percentage diéease cover on a speclal semi-legarithmic Y-axis
with one and one half phases from either end up to 50%. This was
constructed from two pleces of two phase logarithm paper by cutting
both at the one and one half phase point and joining them together.

The Y-axis consists of the mid—points of the percentage disease cover
range {or each grade. This produces a straight line between grades 3
and 10 i.e. mid-points of 4.5% and 95.5%. At either end the line curves
away to 1.0 and 99.0%. The mean grade for each treatment is given by
£he total grade readings divided by the number of readings. tatistical
aﬁalysis is'restricted to grades as these are theoretically of the same
accuracy asvopposed to pe%eentages which are not.

b) Sporulation

This was measured in terms of the number of conidiophores/cm2
using a binocular stereo-zoom dissecting microscope with an eye-piece

graticule divided into 100 x 1 mm squares.
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Sporulating leaf discs were fixed and stained as for leaf area
cover estimations after having removed clumped conidia. The latter
if left on the discs made counting difficult. Each disc was traversed.

along two diameters at 90O to each other counting in consecutive fields.

In some cases sporulation was measured as the number of conidia
released by the technique used for the release of conidia from

¢

sporulating leaf discs.

3. Botrytls sp.

Lesions (= chocolate spots) were counted and expressed as a
percentage of total inoculations.

Leéion spread was roughly graded in the Tirst experiment as
follows:- |

slight spread

1

moderate spread

¢! coalescence of lesions

I

In all other experiments lesions were graded on a scale devised
by J.W. Mansfield (Botany Department, Imperial College) and illustrated
in Fig. L. Lesion grades up to F+++ were roughly based on the

Weber-Fechnier law, as in the Horsfall-Barratt grading system.

b. OILS

1. Wide Distillation Range Olils !

These were typical of those used commercially as pesticide oils
and are highly refined, complex mixtures of hydrocarbons. These are
almost entirely the fully saturated paréffins (straight chains) or
naphthenes (cyclic) though small amounts of unsaturates (aromatic and

heterocyclic hydrocarbohs) are usually present.
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"Chocolate Spot" grading system

Grade Boundaries

Grade Symbol Grade Mean
C 0
F 6.5
B+ 19
P4+ 38
P4+ 63
BF 87.5
BC 100
S ~

(some spread -<2mm ring)

51

2mm - <4mm ring

Sz

4mm - 6 mm ring

o

spread
from area

inoculation

drop



Spray olls are selected on the basis of certain chemical and
physical properties, the more imvortant ones being as follows:-

1) Distillation temperature at the 50% point and temperature
range between 10 and 90% of the distillation; These give
an indication of molecular size, the lower the temperature,
the smaller the molecules.

2) Unsulphonated residue index (U.R.j, high values indicating
a high degree of refinement or low unsaturate content.

3) Gravity or density.

4) Viscosity.

The latter 1s related to distiliation temperature, low values

indicating low temperature ranges.

For comparative purposes oils must be taken from the same crude
oil source for it is quite common for oils from different sources to
have similar viscosities but different distillation temperatures.

Thus Calpbuzos et al. (1961) reported that a naphthenic oil caused less
phytotoxic flecking on banana leaves than paraffinic oll of the same
viscosity. As pointed out by Chapman et al. (1962), however, the two
oils were from different sources and had different molecular structures
wlth the paraffinic oil ha&ing a higher distillation temperature than
the naphthenic oil, and thus being a heavier and more persistent oil.
On the basis of this, one would naturally expect the paraffinic oil to
be mae phytotoxic, The importance of spray oll source was confirmed
by Calpouzos (1964) when comparing naphthenic and paraffinic oils from
different sources on the ba;is of the same distillation temperatures.
No significant differences were found for disease control or phytotoxicity

between the two types.
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Specifications of the oils used are given in Table 3.

Table 3 Specifications of wide distillation range oills.
01l Gas oil BP85 150 Neutral
Distillation

at atmospheric

pressure (°C)

50% point 265 392 428

10-90% range 107 (216-723) 29(381-410) 42 (409-451)
0-100% range 167 (185-352) 79(360-439) 116(372-488)
Unsulphonated L
residue (U.R.) 79% o4 -96% c. 93%

Viscosity at

21.1% 4.14 cSt 32.19 oSt 73.28 ¢St
37.8% 2.86 ¢St 16.13 ¢St 32.22 ¢St
100%¢ 1.14 cSt  3.406 cSt 5.22 oSt
Specific

gravity

15.5°%c/15.5°C  0.8350 0.8480 0.8770

Gas 0il was used as a highly volatile, low boiling point oil to
compare with BP 85 a low volatile, high boiling point oil. The oil,
150 Neutral had a similar (fhough slightly higher) distillation range
to BP 85, but a much higher viscosity. This is due to the rapid
increase in viscosity with increased distillation temperature in this

range (Appendix 1b).
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2. Experimental 0il Fractions

a) Distillation procedure

The fractions were obtained {rom a Kuwait crude oil using a packed
distillation column incorporating raschig rings equivalent to a
theoretical 14 plate column (Sunbury Report No. 10053%). The distillation
was carried out by the Crude 0il Assay Group, Analytical Section,

British Petroleum Research Centre, Sunburyfon~Thames, Middlesex, a

general description of the stages being given below.

The distillation was started at atmospheric pressure and continued
up to an overhead temperature (0.H.T.) of 178.500. The pressure was
then reduced to 100 mm mercury and distillation continued to an O.H.T.
of 266°C followed by 2 mm mercury up to an O0.H.T. of 40700.‘ The base
temperagure range during the distillation was 27500 to BEOOC which for
a 14 plate still, was low enocugh to prevent oil cracking. At a pot
temperature of 34000 the(oil was Jjust beginning to crack and the

distillation was stopped. The distillation data are given in Table 4.

H
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Table 4 Experimental oil fraction distillation data
Reference No. Fraction No. Boiling Range in OC % Weight  Volume
(Atmospheric pressure) (ml)
Gas 15 2.00 200
Gasoline 15-150 14,10 "
144/740. 9 150-167f 2.10 "
10 167-181 2.15 "
11 181-193 2.15 "
12 193-210 2.20 "
13 210-224 2.20 "
14 224 238 2.20 "
15 238-252 2.25 "
16 252-264 2.30 "
17 264 282 2.30 "
18 282.-297 2.35 "
19 297-312 2.35 "
20 312-326 2.35 "
21 326-341 2.75 "
20 341357 2.40 "
23 357374 2.40 .
2l 374392 2.45 "
25 392-413 2.45 "
ﬁ03/811 1 413 421 1.00 20
| 2 421433 1.00 "
3 4=z3 443 1.05 k
4 443457 1.00 "
5 453462 1.05 "
6 462469 1.05 i

cont./
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Table 4 Experimental oll fraction distillation data cont.
Reference No. Fraction No. Boiling Range in OC % Weight  Volume
(Atmospheric pressure) (md)
7 Leg U7 1.00 20
8 L7y 480 1.05 "
9 180-488 1.05 "
10 L88-495 1,00 "
11 495-498 0.45 "
b) Extraction procedures

The fractions were separated initielly Iinto two hydrocarbon
components: -~
1) A saturated hydrocarbon component (N+P) consisting of straight

chain paraffins and alicyclic naphthénes.

2) An unsaturated hydrocarbon component (A+H) consisting of
aromatic (homocyclic) and heterocyclic compounds.

The saturated fractign was then extracted for normal paraffins
and waxes which in the case of the higher bolling point fractions were
solid at normal room temperature. In a second seriles of extractions
normal paraffins and waxes were extracted directly from crude oil

fraction samples. The complete extraction scheme is shown in Fig. 5.

1) Separati&n of arocmatics

Aromatic and heterocyclic compounds were removed from the oil
fractions by adsorption onto silica-gel using pentane as the elutant
for (N+P) components and absolute alcohol for (A+H) components. This
process differs from that used for commerical épray oils used to control
banana leaf spot. The latter are refined by solvent extraction wﬁich,
/although relatively cheap, does not completely remove unsaturates.

The quantity of silica-gel required for each extraction was,

calculated on the basis of twenty times the expected weight of unsaturates




Fig, 5. The complebe crude ovil Traction extraction scheme
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o CRUDE OIL FRACTION
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in the sample. In early extractions this was assumed to be 20%
of the crude oil fraction sample. Further work showed that this
was too low, some of the higher boiling point fractions containing
over 40%. Thus, in early extractions, the silica-gel was overloaded
and complete separation was not attained. The success of the extraction
could, however, be checked by mass spectroscopy of the resulting (N+P)
fractions from which the presence of unsaturates could be detected.
The volume of pentane was about twenty times the weight of the (N+P)
component and the volume of ethanol about 100 times the weight of the

(A+H) component.

The silica-gel was activated in an electric oven at 25000 for
3 to 5 h and left overnight to cool in an airtight container. The
activated gel was thén boured into a glass extraction column with a
sintered glass plate and valve at the bottom and a litre reservoir at
the top. As the gel was poured in, a Pifco vibrator was used to ensure
that the gel was packed evenly. The size of the column used varied

but usually held between 500 and 700 g gel.

The o0il was carefully poured into the columns and allcowed to

move down until the level was Jjust above the gel. Redistilled pentane
was then used in small volumes (about two volumes of 25 m1/90 g crude
0il) to wash out the flask used to weigh the oil, and added ﬁo the column
to dilute the oil. The oll was again allowed to move down the column
until just above the gel, when the rest of the pentane was added. The
eluted (N+P) component in pentane was collected in a flask at the bottom.
The column was left until the level of pentdne was Just above the gel

at which time the ethanocl was added to the top of the column to elute

‘the (A+H) component. The solvent front whose positién could be checked



by detecting by hand the heat produced at the front, was allowed to pass
. down the column until about one half to two thirds of the way down.
At this time the collecting flask was changed, the (N+P) component having

by this time passed off the column.

The penfane and ethanol were removed from the (N+P) and (A+H)
compongnts ?eSpectively under reduced pressure in a rotary evaporator
heéted in a waterlbath at c. 7OOC. The final weights of components
were determined and thus the percentage (N+P) and (A+H) in the original

crude oll fractions calculated.

ii)  Separation of wax and determination of 'wax content'

Wax is defined with reference to the conditions under which it is
separated from its parént material. 'Wax content' is an empirical
value and in the method described below is given by'the percentage by
weight of the maeterial precipitated when a solution of the asphalt free
product in methylene chloride is cooled to ~250F (~31.7OC). The
extraction.and determination of 'wax content' were as laid down by the British
Petroleum Research Centre Methods of Testing VolfI "Wax content of

Petroleum Products'.

The sample of oil was dissolved in methylene éhloride (10 ml/g
sample) warmed over a bunsen burner until Just bolling. The flask
containing the mixture was then immersed in a cooling baﬁh maintained at
~30%F (—34.500). The mixture was allowed to cool to 31.7°C and
“maintained at this temperature for 30 min %ith frequent shaking. The
precipitated wax was separated pff by suction through a cold sintered glass
filter funnel taking care that thé filter did not run dry with the
éonsequent caking of wax. Moisture condensation inside the funnel

during cooling was prevented by suiltably covering the top and care was
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taken that the level of mixture in the funnel was at no time higher

" or as high as the level of the cooling medium surroundiﬂg the funnel
(S01id 002). The whole contents of the flask were transferred to the
filter and the flask and thermometer washed thoroughly with a little
methylene chloride chilled to‘—jl.TOC . The washings were passed
through the filter and the washing repeated until the flask and small

quantity of wax adhering to it were free from oill.

The wax on the filter was washed with methylene chloride at
—31.700 until the wax was white or not more than slightly yellow in
case of resgidual material. During washing the wax was covered with
liguid until free from oil to prevent compacting and the formation of
cracks in which case it would not be possible to wash out the oil. The
vax was then allowed to warm to room temperature and then washed off
with,oarboﬁ tetrachloride. The latter was distilled off and the wax

dried at 105°C and cooled for 1 h in a desiccator ( >15 min and < 1 h),

iii) Separation and determination of normal paraffins

These were extracted using a 5 AO molecular sieve, the weight
of sieve used being ten times the percentage estimated normal paraffins,
To ensure complete separation the estimate was taken as 10%.

The oil was dilssolved in benzene and refluxed with the sleve for
about 8 h. The normal paraffins were thus adsorbed by the sieve and
were desorbed by washing with n-heptane in a Soxhlet apparatus. The
n—heptahe diSplaéed the normal paraffins which were regained after the
excess n-heptane was distilled off. 0il minus normal paraffins was

obtained by distilling off the benzene.
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2, Determination of Physical Constants of 0Oils

a)  Viscoclty

0il viscosity was measured in Canncn-Fenske size 200 viscometers
suspended in a water bath at lOQOF (BT.SOC), this being a standard
temperature for estimating the viscosity of petroleum products. The
test oils were expected to sﬁow a wlde range of viscosities and therefore
standard flow times for each viscometer were measured using 10 ml 6f
three standard oils (gas oil, BP 85 and 150 neutral). These covered
a wide viscosity range, the standard used when calculating test oll
Visqosity being that which had the nearest flow time to the test oills.

When the volume of oil sample was insufficient to use with a
viscometer, rough estimates were made by timing the flow of 0.65 ml of
0il dovn a 0.1 ml pipette (Blanbrand Colodur W.G.) at room temperature,

20% . The pipette was held in a clamp together with a lOOOC

thermometer to measure room temperature. To ensure standardization,
the pipette?was washed before use and after every oil in Analar
petroleum ether, the same treatment being given to a second thermometer.
Both were then placed in a hot oven until the thermometer temperature
reached 1900 when they were removed and left in a clamp for 5 min to

equilibrate with room temperature. About 0.15 ml of oil was then sucked

up to about 0.05 ml above the beginning of the plpetteg calibration

markings. Holding the oil at this level, the plpette was secured in a
clamp above a collecting tube. The oil was<£hen allowed to fall and
the time taken for the level to reach the 0.05 ml mark. Readlngs were

repeated until consistent values were obiained.

b)  Volatility
The method used for measuring oil volatility was similar to that

used by Delfel et al. (1962) when studying the relationship between
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banana leaf spot control and spray olil volatility. 01l volatility at
'2500 was determined by measuring its evaporation from filter-paper

over. extended periods of time.

0il was sprayed onto the surface of a Whatman No.l filter-paper
dise (11.0 ém) using the Potter spray tower, The‘filter—paper was
weighed immediately before and after applying the oil and at various
times up to 30 d. Blank discs were iﬁoluded to correct for molsture
gained or lost by the filter-paper with changes in humidity. Fach disc
was suspended by a metal hook inserted through a small hole puhohed in_
each disc and hung from a rod in a draught free area of a constant
temperature room. Each determination waé run in triplicate and the

“volatility of the oils calculated as the percentage weight loss.

4, Application of Oils

In most laboratory experiments olls were applied using a Potter
spray tower as described below. During field work in France ultra-low-
volume atomlzers were used. These were designed to operate at rates of

10 1/ha. and below.

a) Potter spray tower

This was oriéinally designed by Potter (1941,1952) for testing
insecticides and is capable of giving deposits down to 1 mg/100 omg,
which although varying with different crops is equivalent to about 11 1/ha
(g. 1 gal/ac) or below. The tower used in the present work was manufactured
by the Burkard Manufacturirg Co. Ltd., Rickmansworth, Herts., as the ST -4

Laboratory Spray Tower and is the same as the one used by Skellern (1968).

It is essentially an atomizing nozzle centred over a tube with a

cone shaped upper portion (34 x 16 - 12 cm) and a parallel sided lower
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portion. The oil to be sprayed is introduced into a reservoir close to
the nozzle. Air from a compressed air cylinder is allowed into a
pressure chamber at the base of the tower by an on/off switeh incorporated
into the tower base and between the pressure chamber and air cylinder.
The build up of pressure in this chamber then 1lifts a spray table to a
position 2.5 em from the base of the tube. The pressure in this pipe
can be adjusted by a valve and is registered on a dial on the base of
the tower. The atomizing nozzle is in the form of a tapering double
pipe, the air passing out of the outer pipe thus creating a suction in
the inner pipe and sucking the oil out of the reservoir to which the
inner pipe is connected by a short tube. A more detailled description
of the development and design of the tower is given by Potter (1941, 1952).
Each spray was performed separately, as Skellern (1968) found that even
if the tap was closed before all the spray was delivered, the spray did
not stop because a siphon was created which pulled the oil into the
nozzle. The whole tower was enclosed within a polythene tent supported

.by a rectangular wooden frame.

For small volumes it was found more convenient to modify the spraying
procedure slightly. Instead of a reservoir, a one ml blow-out pipette
containing the required amount of o0il and with a suitably fine tip was
introduced into the top of the inner pipe of the spray nozzle. This
technique was particularly convenient for oils of high viscosity and also

for spray volumes below 0.1 ml,

The tower was calibrated by spraying known volumes of oll on to
previously weighed circles of aluminium foil and then reweighing. The

results for different oils are given in Appendix Id. The deposit rate
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in mg/100 cm2 could then be|transformed fof vine into spray rates of
litres per hectare using results obtained during the fiéld trials in
France 1969, with the minimicron. No equivalent results were obtailned

for cucumber under commercial spraying conditions.

011 deposits on leaves and cotyledons were determined by carefully
weighiné them before and after spraying as follows. The leaf or
cotyledon was cut and the petiole sealed with vaseline and transferred to
an accurate single pan balance. One minute after cutting the welght
was taken. The leaf or cotyledon was then carried on a plastic spray
platform and.placed in the bottom of the‘Pottef tower and sprayed.

They were then returned to the balance and af ter walting 90 s from the

first welghing, a second reading was taken, followed by another at 2 min
and thereafter at 1 minlintervals up to 20 min . This standardization

of welghing times helped to allow for weight losses duelto water loss.
Unsprayed leaves and cotyledons were used to correct for this weight loss."

2
Results were expressed in terms of mg/100 cm™ .

b)  Spraying
i) Vine

All experiments involving the spray tower were carried out on leaf discs.
These were arranged on molst paper tissue iﬁ a 13 cm Petri-dish so that the
pressure of the spray did not dislodge them. After spraylng they were

replaced on water or agar in Petri-dishes.

ii)  Cucumber
Apart from their use in calibrating the Potter spray tower as described

above, detached leaves were not used. All experiments inveolving the spray



b

- 4 o

tower were carried cut on leaf discs which were handled in the same way
as for vine.
i1ii) Broad Bean

Detached leaves were used in all experiments, the right hand leaflet
being sprayed with the other as control. The left hand leaflet was
covered by enolosing it in a plastic Petri-dish as shown in Fig. 6. The
dish had a gap cut in the side of the lower dish, the upper dish enclosing
the peticle and left hand leaflet. To prevent oll entering through the
gap, a cotton wool plug was used. The dish containing the leaf was
carried and placed at the bottom of the spray tower on a transparent plastic

base.

iv)  Spore germination test slides

The precleaned slides were laid on clean absorbenl paper with forceps.

After spraying, the slides were put in boxes and used as for ordinary

spore germination tests.

c) U.L.V, spraying equipment

i) Minimicron

This hand held sprayer developed by E.J. Balls of Micron Sprayers Ltd.,
Birmingham, is a development of the spinning disc principle c¢f atomization
and is illustrated in Plate 1. The atomizing head consists of a 9 cm
diameter plastic disc with a serrated edge and turning at c. 7.000 rev/min
on the engine shaft of a small two stroke petrol engine. The atomizer is
designed to handle prepacked pesticide formulations and a standard one litre
polythene container screws onto the atomizer head scting as a gravity feed

reservoir. The oil contained in the reservoir flows down a tube onto the

inside of the disec. Centrifugal force then releases the oil from the edge

i



Fig. 6. Four broad bean leaves arranged for spraying.
y
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SERIAL No. 70/9

rLATE B 1 MINIMICRON SPRAYER

(Photograph by courtesy of the British

Petroleum Company )
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of the disc, the serration helping to break up the oil as it leaves
so producing a very fine and even droplet spectrum. A fan situated in
a cage immediately behind the disc and also turning on “he engine shaft,

directs the oil forward.

The Minimicron was used for spraying against downy mildew of vine

and was held by the operator at knee height while walking up the rows

of vines directing the spray obliquely at the plants so that the oil was

deposited on the undersurface of the leaves. The machine was calibrated

for each oll by measuring the oil lost from the reservolr after a 60 s
spray. 1

The amount of oll deposited on leaves was determined by using weighed
squares of aluminium foll attached to the leaves with paper clips. This i

(/1960)

method was used by Calpouzos et al! for determining the amount of oil

depcsited on banana leaves by commercial spraying methods. As the cutting

of exact areas of foll was difficult and time consuming, areas were calculated

from a calibration graph of area against weight.

The o0ll in the reservolr was measured before and after spraying and
the spray rate calculated in litres per hectare. The aluminium foils‘were
removed, folaedl£o protect the sprayed side and immediately placed in clean
Petri-dishes until they could be weighed. For gas oll which was very
volatile (Appendix Ic), the foils were weighed within 30 min of spraying.
For BP 85 and 150 neutral the foils'were welghed on the same day as thé
spraying. At all times when handling the fgils, the hands of the operator

were kKept free of oil.
ii)  Micron ULVA

This is similar to the Minimicron but utilizes a lightweight motor

drive powered from eight U-2 dry batteries. As with the Minimicron a
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one litre polythene container screws onto the a?pmizer head acting as a
gravity feed reservoir. The tube holding the batterieé functions as

a carrying handle and the sprayer is normally carried over the shoulder

so that the operator walks away from the issuing spray. As there is

no fan behind the atomizer head the makers, Micron Sprayers Lid , recommend
that use should be made of the prevailing wind to drift the spray over

a swath of five or more metres.

The Micron ULVA was used in tests against vine downy mildew on
isolated leaves. Instead of walking with the sprayer carried over the
shoulder, the undersurface of the leaf was held up in one hand and the
Micron ULVA held so that a very fine deposit of oll, barely noticeable

to the naked eye, landed on the leaf surface.

The Micron ULVA was also used in the laboratory for spraying whole
_plants, It was set up 1nside the polythene tent used for the Potter
tower so that the atomizing head was held horizontal when not in use the
reservoir flask was below and the head above. On spraying the moctor was
switched on and the sprayer rotated on the axis of the battery tube 55
that the reservolr container was ué%rmost delivering oil by gravity to the
atomizing head below. Deposits were varied by varying the spray time,
the atomized oil drifting down by gravity onfo plants arranged in the
bottom of the tent. Initial calibration results using welghed circles
of aluminium foil placed in the bottom of the tert showed that this method

gave a reasonably acceptable distribution pattern.

When spraying the exper%mental 01l fractions, the polythene container
was removed and a small glass regervoir attached to the feed pipe of the
atomizer head by means of a short pilece of polythene tubing. After the
motor was started, the ¢il wvas pipettea into the reservoir which was

allowed to empty after which the motor was kept switched on for a standard
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time to ensure complete discharge. The deposit {or each spray was
determined by placing weighed cireles of aluminium foll among the plants

and reweighing.

E. PHYTOTOXICITY ASSESSMENTS

Most observations were made on leaf discs which although useful
for comparing oil fractions did not give a true indication of the
phytotoxicity of any specific oll. Whole plants were therefore used for
final testssof 0il fractions which gave gdqd disease control and low

phytotoxicity on leaf discs, BP 85 which was a potential carrier oil

for the more active oil fractions was tested more thoroughly on cucumber

plants.
1. Leaf Discs
a) Vine. Necrosis and o0il soaking

On vine leaf discs the appearance of necrotic areas varied with the
type of o0il used.

Witﬁ the more phytotoxic oils of low boiling point these were
relatively large and light brown to fawn in colour. The percentage area
of leaf discs affected was estimated using the Horsfall-Barratt Grading
System and standard area diagrams illustrated in Fig.2 .

Damage caused by higher boiling point oils was in the form of oil
soaked areas and reddish brown necrotic spots both of which could be counted.
Account was taken of the size of large areas and spols by taking the size
of the smallér ones as standard and giving counts to the larger ones as

- appropriate. Results were expressed as the number of flecks/disc.

b) Cucumber 011 soaking and senescence (1)

Phytotoxicity was roughly graded in early experiments on a scale from

0 to 6 as follows:-
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0 = no effect; discs light green in colour

1 = discs light green to yellow; no oil soaking
2 = discs yellow; no oll socaking

3 = discs yellow; light oil scaking

4 = discs yellow; heavy oil soaking

5 = discs partly decolourized; heavy oll soaking
6 = discs completely decolourized and oil soaked.

In later experiments oil soaking was estimated in terms of the percentage
area of leaf disc affected using the Horsfall-Barratt Grading System
(Horsfall and Barratt, 1945) and standard area diagrams illustrated in
Fig. 2 . Leaf disc senescence was estimated by the chlorophyll assay

method described below.

ii) Chlorophyll assay

The change in chlorophyll content of both uninfected and infected oill
sprayed leaf discs was taken as a measure of d&rect oil phytotoxicity and
of tﬂe combined effect of oll treatment and disease. The latter value
would thus account for both £he efficacy of the oil ih controlling the
disease and any interaction of oil and disease on the discs as well as

direct phytotoxicity.

Leaf discs were decolourized separately in closed bijou bottles
containing 3 ml of 70% ethanol. Chlorophyll was measured in terms of the

optical density (D) at 665 mp of the ethanolic extract using a Beckman IB

spectrophotometer.
2. Whole Plants
a) " Vine Necrosis -

Necrosis was graded on an arbitary scale of O to 8 i.e. no damage
to coalescence of damaged areas.
b) Cucumber
i) Necrosis

Necrotic areas on attached leaves were assessed by placing over
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the lecaf a card with a 20 mm diameter hole cut in it. AThe area of
damage in the area cut off by the circle was estimated using the Horsfall-
Barratt Grading System as for leaf discs. Ten representativeareas were

graded for each half leaf.

~1i)  Chlorophyll assay

Ten 10 mm leaf discs were cut from each half leaf and decolourized
in 30 mi of T0% ethanol and the chlorophyll estimated as described for

leaf disc assays.

iii) Membrane damage

This was measured in terms of ion leakage from oil treated leaves
as detected by changes in electrical conductance of water containing
treated leaf tissue. The technigue was simllar to that used by Goodman
(1968) for measuring the effect of bacteria and chemicals on cell
permeability. A Chandos A.21 linear conductivity meter obtained from
Chandos Products (Scientific) Ltd., New Mills, Stockport, Derbys., was

used in all experiments, conductance being measured in micro mho's.

/

Eight 17 mm leaf discs were cut from each rgplicate leaf or half
leaf. These were transfered with a glass spétula to a clean glass tube
(2.5 x 7.5 cm) containing 25 ml distilled water which had been left
overnight to check the cleanliness of the tubé. The discs were held
under‘the water at the bottom of the tube with a glass ring whose
diameter was Just less than that of the discs. This left sufficient
room for the electrodes of the conductivity meter to be placed in the_
water above the discs. Before measuring, the water and discs were
agitated by removing the glass ring and allowing the discs to float to

the surface. This was repeated, the ring replaced, and the electrodes

placed in the tube and the conductance of the water measured. This was
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repeated at intervals up to 48 h and the whole experiment carried out
in a water bath at 2500. Four replicates were used for each treatment,

one half leaf belng treated with oll and the other used as a control.

iv)  Plant growth

The effect of oil on plant growth was determined by measuring
internode length over a period of 20 d. Six replicate plants were used

for each treatment.
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EXPERIMENTAL SECTION T

THE USE OF OILS TO CONTROL VINE DOWNY MILDEW

INTRODUCTION

A light mineral oil (Esso Process 95) when misted alone on grapes
was reported by Castellani and Matta (1962) to be effective in controlling

downy mildew caused by Plasmopara viticola. The o0il, which was highly

refined with a high U.R. index was not fungitoxic to the fungus on leaves

or to cultures of Botrytis cinerea or Gloeosporium musarum but penetrated

through the stomata into the leaves. The mode of action of the oil on
the pathogen or host was not reported.  Skellern (1968) found, however,
that on leaf-discs the presumably similar mineral oil BP85 was not only
ineffective in control, Eut also significantly increased sporulation.

She also found that exudates from oil sprayed leaf discs were much less
inhibitory to in vitro germination of sporangia than were exudates from
unsprayed discs and suggested this as a reason for the increased disease

on oil sprayed discs.

The present work attempts to clarify the apparent contradiction between
the above reporté by’studying the action of different oils and oil fractions
and also by comparing effects on leaf discs in the laboratory, on whole

plants, and on attached leaves during field trials in France.
RESULTS

A. The Determination of Conditions necessary for Testing Oils against

Vine Downy Mildew on Leaf Discs

To comply with standard procedures for evaluating fungicides (American
- Phytopathological Society, 1943%), the effect of various factors on inoculum

production and disease development were assessed first.
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1. Comparison of methods of spore collection

Pegg and Mence (1970) found that the viability of sporangia of

Percnospora viclae depended on the collection method used. When washed

off in water germination was between 20 and 60%, whereas when shaken off
dry and then suspended in water, germination was reduced to between

11 and 19%. Skellern (1968) using the dry suction method of collection
described previously found that the viability of sporangia of Plaémopara

viticola, in situ on vine leaves, was maximal in the early hours of the

morning but declined as the day progressed and fell to between 5 and 15%
if not collected until the following day. As the two fungi are from the
same family it was thought that the effect of water conditions described
above for P, vicilae mighﬁ be similar for P. viticola. Thus the effect

.of collection method, humidity and collection time were tested as described

below.

a) The effect of humidity, collection method and collection

time on the viability of sporangia

Six plants with heavily sporulating infections of vine downy mildew
were produced as described previously. Three plants were kept in humid
conditions over water in polythene bags for 24h while the other three
were left uncovered in the same growth cabinet. At the beginning of the
experiment g,%/} of the sporulating leaf area of each of the six plants
was harvested. Sporangia on one half of this area were Qashed off in
distilled water and those on the other half were coilected by suction.

2 sporangia/ml, and used to test the

Suspensions were adjusted to 4 x 10
viability of the sporangia measured in terms of % germination on glass slides.

o)
Immediately after use, the suspensions were kept at ¢. 5 C for 8h and their

germination tested again after checking to see if any germination had
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occurred in the interval. At this time and 16h later the two collection

methods were used again for the same purpose. Results are shown in
Table 5.
Table 5 Germination of Sporangia of P.viticola as affected

by collection method, collection time and humidity

Collection Collection Culture conditions 8h Storegage

time (h) method High r.h. Low r.h. at c. 5°C
0 Washing 88.8 87.9 88.5
(11.%0 h) Suction 83.8 83.0 82.%
8 Washing 90.3% 88.9 —_—
(19.%0 h) Suction 83.9 55.% —
o4 Washing 87.9 43,7 | —
(11.30 h) Suction 80.% 10.2 -
Discussion

There was a significant difference, between the germination of sporangla
collected by the different methods, those collected by washing giving
consistenly higher values, than those collected by suction. This is in

agreement with similar results obtained by Pegg and Mence (1970) for

Peronospora viciae. The difference 1s much more marked for sporangia which
had been kept in situ on 1eaves‘at the lower humidity and would account

for the results of Skellern (1968) assuming in that case fhat humidity was
not maintained at a high level after the induction of sporangia. This
suggestion is similar to that put forward by Weille (1963%), that conidia

of -fungi belonging to the Peronosporales, when mature and attached to
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conidiophores react differently to low relative humidity than those detached
when mature. He suggested that free conidia were much less dependent
on air relative humidity than still attached conidia, these presumably
losing water via conidiophores to the leaf under low humidity conditions.
Assuming this to be correct, the present results suggest that on detachment,
conidia ﬁhich have been kept under low humidity conditions for 8 h or
more are more sensitive to damage or dry conditions of collection than are
conidia detached after having been kept in situ uﬁder conditions of high
humidity.

Up to 8h low humidity did not seem to adversel§ affect sporangia
Tin situ if they were collected by washing. After 24h, however, even when
washed off, germination was reduced by about 50%. Presuﬁably in this case,
.many of the sporangia had irreversibly lost so much water as to prevent

germination.

The storage of sporangia in suspension for 8h at c. 500 was successfiul
in temporarily preventing germination without adverse affecting viability

as indicated by germination equal to thet obtained before storage.

b) The effect of collection method on the concentration, viability and

state of sporangia recovered from old cultures

Il

The above experiment showed that the germination of sborangia kept
in situ in hunid conditions remained high up to 24h. In this experiment
the two collection methods were tested using 5‘d sporulating léaves from
which two crops of sporangla had already been removed by suction, The
third crop harvested in this experiment was 3 d old. In order to test the
efficiency of the two methods of collection, 17 mm leaf discs were éut
from sporulating areas of the leaves of three plants. The two methods
were replicated on each leaf and the same number of discs used for each

method.
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Table 6 The concentration and state of sporangia recovered
from old cultures of P.viticola (x 165 spovangia /ml)

State of Collection method
sporangia Washing Suction
Tota¥jdisrupted,
granular or non-granular 7.5 3.8
Intact and
non granular only 4.0 3.8

Table 7 The germination of sporangla recovered from old

cultures of P.viticola

Collection method Washing Suetion
Percentage germination 30. 4 60. 4
Percentage germination
corrected for disrupted 57.2 ——
and granular sporangla

Discussion

The results in Table 6 show that as expected the washing method removes

more sporanhgla than the suction method.

Whereas, however, the suction method

only removes intact, non-granular sporangia, the washing method also removes

disrupted and granular sporangia.
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As shown in Table 7, the percentage germination obtained with the
suspension washed off the leaves was only 50% of th@t obtained by suctilon.
When, however, account was taken of the number of disrupted and granular
sporangia, there was no significent difference in germination between the
two methods. It is likely that the granular sporangis described here aré
the same és those described by Gregery (1912) which he found did not

germlnate.

2. The effect of leaf age on sporulation

Skellern (1968) found that the thin pale green and shiny leaves numbered
% to 7 back from the tip of rodstocks supported the highest sporulation,
Older leaves only produced ilsolated patches of sporangia and younger leaves
gave a thin sporophore weft. As vine seedlings were used in most experiments

instead of rootstocks it was necessary to re-determine the effect of leaf age.

Leaf discs were cut from leaves of different ages from both young (ten
to twelve nodes with about six to seven leaves) and older seedlings. They
were numbered sequentially, with the first unfurled leaf number one. With
young seedlings this was too small to use as were the first three on older’
- seedlings. The discs were floated on water incculated and incubated as described
previously. Sporulation was estimated both visually and by determiﬁ% the

number of sporangia produced per disc.

Table 8 Sporangial production on leaf discs from young vine seedlings
Leaf Average Sporulation
number sporulation grade (xlO4 sporangia/disc)
2 2.3 15.6
> , 1.3 1.9
4 0.7 ’ 0.3

5 0.4 - 0.04
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Table 9 Sporangial production on leaf disecs from old seedlings
Leaf Average Sporulation
-1
number sporulation grade (x ZLO1L sporangia/disc)
h 2.8 17.3
5 , 2.7 16.5
6 2.5 14.0 '
I 2.1 9.1
9 1.8 5.7

Discussion

The main effect of leaf age was to limit the area of sporulation. On
young discs this was well spread outside the area of the original inoculation
drop whereas on older discs éporulation was almost restricted to thisarea
and was less dense than on younger discs. Table 8 shows that with young
seedlings sporulation fell off very quickly with leaf age indicating the
necessity to use only the first few leaves. Table 9 shows that with older
seedlings sporulation fell off much more gradually thus giving many more

usable leaves than the younger seedlings.

Both tables show a reasonably close relation between the visual estimate
and actual sporulation. A similar, non-quantitative relation was found by

Malcolmson (1969) between a visual grading system and actual sporulation of

Phytophthora infestans on potato leaflets,

3. The effect of the length of the wet period on infection

Royle (1970) found that the length of the period of wetness from

inoculation to drying of the leaf surface was important in determining the
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proportion of leaf area of hop infected by downy mildew caused by Pseudoperonospor

humuls.. To determine the importance of the wet period for infection by

Plasmopara viticola, vine feaf discs were inoculated and the drops removed

using a pipette and the disc surfaces dried in a stream of air from a fan
at 2,4,6,12 and 24h after inoculation. Sporulation was estimated visually

as Indicated in Table 10.

Table 10 The duration of wetness reguired for leaf disc infection

(numbers of discs)

Wet . Sporulation density
period (h) Heavy Moderate Light Light/sparse Sparse Nil
2 0 0 0 1 2 15
4 0 O 0 1 6 11
6 0 0 0 3 8 7
12 O 0 1 4 5 8
24 0 7 4 3 2 2
Discussion

The results suggest that for maximum sporulation, at least 24 wetness

is required. This was therefore used in all further experiments.

\

4,  The effect of light on infection

D.T. Royle (personal communication 1970) found that light was necessary for

infection of hop by Pseudoperonospora humuli. The effect of light on H

infection of vine by Plasmopara viticola has not been determined and was

therefore investigated to find the most sultable conditions for later experiments

on the effect of oils on the disecase.
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In the first experiment leaf disecs were cut at midday from leaves
whicﬁ had been kept on plants in the light. Discs were 1noculated and
placed in a cldsed light proof tin at 0, 3, 6 and 1llh after inoculation.
Sporulation was visually graded at 5 d after inoculation with the 1lh light
treatment graded again at 10d. In a second experiment sporulation was
estimated at 5, 6 and 11 d after post inoculation light treatments of 0, 2 and

Th . Results are shown in Table 11.

Table 11 The sporulation of leaf discs as affected by light

after inoculation (Average sporulation grades)

1st EXPERIMENT

Light ~ Estimation time (days after inoculation)
period (h) 5 10

0] 3.1 *

> 3.0 *

6 2.2 *

11 0.6 2.2

2nd EXPERIMENT

Light Estimation time (days after inoculation

period (h) : 5 6 11
o’ 0.83 2.2 2.9
2 0.6% 2.5 3,2
7 0.13 1.3 2.3

¥ = not estimated.




Discussion

In the first experiment the 6 and 11 h light treatments significantly
reduced sporulation at 5 d. At 10 d the sporulation on the 1l h treated
discs had increased. Thus; to determine whethér the light delayed or
reduced sporulation, a second experiment was carried out and estimations made
at 5, 6 and 11 d after inoculation. As shown in Table 11, at 5 d, light
’ treatments again reduced sporulation, and although this had increased by 11 4,
sporulation on the 7 h light treatment was still significantly less than the
0 and 2 h treatments. Thus, future experiments were carried out in- the
evening with an initial period of 2 to % h before the lights in the growth

cabinet went cut.

B. A Comparison of 0il Types for Control of Vine Downy Mildew on Lecaf Discs

1. Wide distillation range oils
a) BP35

- To investigate the results of Skellern (1968), leaf discs were sprayed
giving
with BP85 at levels of 0.15, 0.30, 0.60 and 0.90 m%/deposits of 4.2, 11.0,
2

24,4 and 35.4 mg/100 cm using the pipette method of spraying with the
Potter tower (as described previously) These rates were equivalent to
commercial spray applications of 5.5, 13%.7, 30.0 and 43.5 1/ha (0.5, 1.2,
2.7 and 3.9 gaL/ac) using the Minimicron during field trials in France in

1969. Discs were inoculated giving the results shown in Table 12.

Sporulation was visually graded as before.

Table 12 The effect of BPB5 on vine downy mildew
0il Level Sporulation
(ml) grade
0 2.5
0.15 2.9 ‘
0.30 2.9
0.60 2.9

0.90 3.0



Discussion
The results confirm those of Skellern (1968), BP85 having no obvious
effect on the disease. No significant increase in sporulation was
detectable on oll sprayed dlscs, though the assessment method used here
would probably not show up small differences between heavily sporulating

discs as would the sporangial counts used in later experiments and by

Skellern (1968).

b) A comparison of BP85 with other oils

To determine whether the control of vine downy mildew with an Essc
mineral oll reported by Castellani and Matta (1962) was due to the type of
0il used, BP85 was compared with the other oils, gas oil and 150 neutral.
Both gas o1l and BP85 were passed through a silica-gel column to extract the
(A + H) components and both the original whole o1l (w.o) and the (+P)
component were tested. As Skellern (1968) found that when BPB5 was exposed
to sunlight for a few weeks, 1t became toxlc to the sporangla of Plasmopara
viticola; a sample of oll was similarly exposed to sunlight for a few months
and also included in the experiment. Discs were sbrayed with the olls at

a level of 0.15 ml and inoculated as beforevgiving the results shown in

Table 13, Sporulation was estimated as in the previous experiment.
Table 13% The effect of gas oll, BP85 and 150 neutral on vine downy mildew
0il Sporulation
type grade
Control 2.3 (W.0.) = Whole oil containing both
' ( (N+P) and(A+H) components
Gas (W.0.) 1.8
(N + P) = Whole oill from which the
0il (N + P) , 2.3 : (A + H) component has been
removed
Light 1.6
BP85  (W.0.) 2.3 LIGHT = 011 exposed to sunlight
(N + P) 2.2 .

150 neutral - 2.3
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Discussicn

A significant reduction in sporulation was obtaingd using gas oil
containing the (A + H) component but none for the same oil without this
component.  Thus the (A + H) component would seem to be responsible for
the reduction in sporulation. Neither the normal BP85 or 150 neutral had
any effect on the disease, though the sample of BP8§ exposed to sunlight
Feduced sporulation to a similar extent as gas oil {whole oil). However,

in neither case was control at a commercially acceptable level.

2. Experimental oil fractions

a) Saturated fractions

As the wide distillation range oils gave no mildew control, it was
thought that if mineral oil was at all effective, the active ingfedient
might be contalned in a very narrow distillation range. Thus four
fractions (No's 19, 21, 22, 23) were tested covering the range 297°C to

37400, each one having a narrow distillation range of from 1500 to l7OC

(Table 4). 0ils were applied at the 0.15 ml level, leaves were inoculated
and sporulation graded as in the last experiment. Results are shown in
Table 14.

Table 14 The effect of saturated oil fractions on vine downy mildew

Fraction Sporulation
number grade
19 3.5
21 2.6
22 2.9,
23 3.1

Contiol 3.5
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Discussion

Fraction 21 was the only oll to give any reduction in sporulation,
though this was only slight and not at a commercially acceptable level.
As gas oil containing an (A + H) component was shown to reduce sporulation
it was decided to compare saturated and unsalturated components as described

below.

b) A comparison of saturated and unsaturated fraction components

The (A + H) and (N + P) components of fraction 22 were compared
together with BP85 at the 0.15 ml level. Discs were inoculated and
sporulation estimated in terms of grades and the average number of sporangia

per disc.

Table 15 The effect of fraction 22 components on vine downy mildew
Treatuent Sporulation % Control Sporangia/disc % Control
grade based on grades ( x 163) based on
counts
Control 1.7 — . 29.8 S
Fraction (A+H) 0.2 88.2 3.3 88.9
22 (N+P) 1.5 11.8 21.7 27.1
BP85 _ 1.3 23.5 15.5 37.6

Discussion

As shown in Table 15 the (A+H) component of fraction 22 was much more
active than the (N+P) component giving more than 88% control and showing
possible commercial potential. Tﬁe calculétion of percentage control bése on
grades and counts of sporangia showed very good agréément though at lower

" values agreement was not so close. The degree of control cobtained with the
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(N+P) component was similar to the previous experiment although BP85 gave
an even greater reduction in sporulation. This result was unexpected as in
previous experiments BPB5 had been shown to increase sporulation even at
high levels. However, during field experiments in France BP85 was shown to
control the disease to a similar extent. Thus, one can only conclude
that under certain unspecified condltions BP85 is able to produeé a slight

reduction in the sporulation of vine downy mildew.

It was, however, clear that the unsaturated component of oil fractions

might provide commercially acceptable control of the disease.

¢. The Effect of the Unsaturated Components of 0il Fractions on Disease and

Phytotoxicity using Leaf Discs

The unsaturated components of oil fractions consist of aromatic and
heterocyclic hydrocarbons., Havis (1950) showed that aromatics were more
phytotoxic than any other group and were followed by naﬁthenes olefins and
straight chain paraffins in order of toxicity. Boiling point was shown to
influence toxicity independently of hydrocarbon series, the range cf greatest
toxicity being between 13800 and 266°C. Below this range toxicity was low
and above chronic injury was encountered. Thus the safeness of oil
applications to plant leaves is related to the unsaturated components,

particularly the aromatic content of oil (Chapman and Pearce, 1947).

In view of these facts it was very important to carry out studies on
phytotoxicity along with those on fungitoxicity. Initial experiments used
selected fractions in the range from 21000 +o 39200. In later experiments
the range was narrowed to a few fractions which showed low phytotoxicity and

promising fungitoxic activity.
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1. Comparison of (A + H) Components

a)  Preliminary comparisons

EXPERIMENT 1

In this experiment oils were applied at the 0.1 ml level as before to
leafl discs cut from leaves of vine cv. "Black Hamburg" and floated on water
in closed Petri-dishes. Six discs were used for each treatment and ingoculations
were carried cut as before. Sporulation was visually estimated as

indicated in Table 16.

Table 16 The effect of (A+H) components on vine downy mildew
Fraction Sporulation density (total of 6 discs/treatment)
number Heavy Moderate Light Sparse
13 ' 0 3 3 0
6 0 1 5 0
19 0 ' 0 > >
22 6] 3 3 0
24 j 5 1 0 0

Control 6 0 0 0

Discussion

Fraction 19 showed most agtivity, which fell off with‘lower boiling
fractions and even more markedly for higher boiling fractions. This suggested
that molecular -size may havebeen the determining factor, higher beiling
fractions containing molecules too large to be effective and lower boiling
fractions being so volatile that they did not remain long enough on the leaf.

The results of volatility tests described in Appendix 1 C suggests that fractions

13 and 16 would have evaporated almost immediately. ' ®
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EXPERTMENT 11

Tn this experiment "Black Hamburg' was again used and oils sprayed &s
before-at levels of 0.1, 0.2, 0.3 and 0.6 ml on leal discs which were Tloated
on water in closed Petri-dishes as before. Discs from the same leaves
were sprayed at levels of 0.1, 0.3, 0.6 ml and floated on water in open
Petri-dishes to allow volatile oils to evaporéte. Eight discs were used
for each treatment and at 5 d sporulation was estimated visually as indicated
iﬂ Table 17 and at 7 d using a scale from 0-5 as described previously, the
results being givep in Table 18. Phytotoxicity was estimated at 12 h and
T'd after spraying in terms of the percentage leaf disc area affected using

the Horgfall-Barratt grading System as described previously, the results

being given in Table 19.

Table 17 (see overleaf)
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o~

Table 17 The effect of oil fractions and oll level on the sporulation

of vine downy mildew and on phytotoxicity at 5 d

Fraction  0il level Sporulation density (8 discs) Phytotoxicity
numnber {ml) Moderate Light Sparse comments
0.1 0 0 2 i disc heavy
‘ 0.2 0 0 0 5 discs heavy
v 0.3 0 0 0" 8 discs heavy(100%)
0.6 0 0 0 8 discs heavy(100%)
0.1 0 0 - 0 2 discs heavy
; 0.2 0 0 0 ’ 8 discs heavy(100%)
. 0.3 0 <O 0 8 discs heavy(100%)
0.6 ‘ 0 0 0 8 dises heavy(100%)
0.1 0 0 ) flecking
19 | 0.2 0 0O 1 gradually
0.3 0 0 1 increases
0.6 0 0 0
0.1 3 2 3 Nil
0.2 2 2 4 Nil
22
0.3 1 ) 4 Nil
0.6 0 1 7 flecking in

innoculation area

0.1 5 2 1 CONil
0.2 5 1 T2 Nil
24
0.3 3 2 3 , Nil
10.6° 1 1 6 Nil

Control — 5 2 1
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Table 18 The effect of oil fractions and ¢il level on the

sporulation of vine downy mildew at 7 d

Petri-dish closed Petri-dish open
Fraction
0il level {ml) ' 0il level (ml)
Number 0.1 0.2 0.3 0.6 0.1 - 0.3 0.6
13 2.3 0 0 0 Not 0.8 0
16 O O 0 0 0] O
19 0.5 0.1 0.1 estimated O O
22 3.3 2.5 2.8 2.8
Control = 3.6
24 3.5 3.6 3.5 2.7
Qiggussion

In this experiment the heavy phytotoxicity of fractions 15 and 16 at
5 d was paréicularly noticeable. These fractions had bholling ranges of
210 to 224°C and 252°C to 264°C and according to Havis® (1950) would
be expected to be phytotoxic. It i:};gssible that the results obtained
here were due to either a) the use of leaf discs, oil penetrating the cut
edges or b) the enclosed conditions in the'petri—dishes preventing the oil
from evaporating. As shown in Experiment 1, fractions 22 and 24 were much
less effective than the lower boiling fractions 19, 16 and 13. The

phytotoxicity of these latter two precluded their use in any further

experiments.

On closer examination of the.flecking produced by fraction 19, this
was seen to be in the form of browning iﬁ or below the epidermal layer.
In%oculated diécs treated with this fraction showed no visible sporulation
when observed through a dissecting microscope but when observed at a

magnificétion of x 100, very short sporangiophores could occasionally be
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Sporulation at 7 d given in Table 18 showed that at the 0.1 ml

level fraction 13 was much less effective than any other levels of this

fraction or than any levels of fractions 16 and 19. At the higher levels

of 0.3 ml and 0.6 ml, disease control or dises in open dishes was no
P

different for fractions 13, 16 and 19 than for discs in clesed dishes.

( Table 19

The percentage leaf disc area damaged at 12 h and 7 d in

closed or open Petri-dishes

12 h assessment

(average % damage/disc)

Fraction Petri-dish closed Petri-dish open
Number 0il level (ml) 0il level (ml)
0.1 0.2 0.3 0.6 0.1 0.3 0.6
13 3.1 35.0 > 99 100 0 0 4,1
16 <1 730 95.8 > 99 0 0 93.6
19 0 0 0 0] 0 0 0
22 0 9] 0 0
24 0 0 0 0
7 h assessment (average % damage/disc)
Fraction Petri-dish closed Petri-dish open
Number 0il level (ml) 0il level (ml)
0.1 0.2 0.3 0.6 0.1 0.3 0.6
13 6.6 94.0 100 100 0 0 87.2
16 19.0 100 100 100 0 ° 24.6 100
19 0 1.7 3.8 8.8 0 91.0 100
22 0 4] 0 0
o4 0 0 0 4.5
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- Phytotoxicity at 12 h and 7 d was clearly different in clored and open
Petri-dishes as shown in Table 19;at 12 b both fractions 13 and 16 were much
more phytotoxic in closed Petri-dishes than in open ones. ‘At the 0.3 ml
level fraction 13 caused more than 99% of the surface of leaf discs in
¢losed diéhes to be damaged, whereas no damage occurred on discé in open
dishes. For fraction 16 the figure >f 95.8% for closed dishes applied
similarly. Even at 0.6 ml fraction 13 only caused 4.1 % damage in open

dishes whercas fraction 16 caused 93.6 % damage at the same level.

At 7 d phytotoxigity had increased considerably with even fraction
19 at the 0.3 ml level causing 91 % damage on discs in open dishes. Damage
was, however, still negligible for fractions 22 and 24 at any level.
The results suggested that fraction 19 was doubtful for commercial development
even though no damage was evident at the 0.1 ml level, there being too

little latitude for error in application.

Plotted pgraphically as in Fig. 7.the effect of maintaining the discs
in copen or closed dishes on the phytovoxicity of the olls can be cleérly
seen. Furthermore, the effect of these conditions on fractions 1% and
16 is opposite to that on fraction 19. Whereas open dishes reduce the
phytotoxicity of the former two as compared with closed dishes , for fraction
19 phytctoxicity is dramatically increased from, for example, 3.8 % at 0.3 ml

in closed dishes to 91.0 % at the same level in open dishes.

Thus in the follbwing experiment, the effect of open and closed
Petri-dish conditions was tested on the phytotoxicity of oils between fraction

19 and fracticn 24.

b) The effect of leaf age and water stress on phytotoxicity

As it is generally accepted that under concditions of high water stress
plants are much more susceptible to o0il damage than under low water stress
conditions (Personal Communication, British Petroleum Co. Litd.) it was

thought likely that this would explain the results using the open and closed
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Petri-dishes of the last experiment. Thus in closed Petri-dish conditicns,
the resulting high humidity and low water stress would reduce phytotoxicity
caused by fraction 19 under open Petri-dish, and therefore low humidity -~
~relatively high water stress conditlons. To test this idea more fully, discs
were cut from leaf 6 of vine cv. "Black Hamburg'", numbering being sequential
with the first unfurled leéf number one, sprayed with fractions 19, 22 and 24
at levels of 0.1 ml and 0.2 ml as before, and treated in cne of three ways viz.
either 1) sprayed with distilled water 1n the Potter tower and maintained in
closed Petri-dishes or
2) not sprayed with water but kept in closed dishes or

3) not spraved and kept in open Petri-~dishes.

The effect of leal age was also tested in the same experiment using discs
cut from leaves 4,5,6,7,9, and 11 and spraying them with distilled water in
the Potter tower to simulate natural infection conditions that wcoculd be

i

encountered after rainfall.

Phytotoxicity was estimated 1, 8 andl4 d afier oil spraying,necrotic
" ?
spots and oil soaked areas being estimated separately and the results
expressed 1n numbers per dise. Thus both the effects of water stress and leaf

age on phytotoxicity were determined in terms of the two types of damage

Teble 20 (see overleaf)
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Table 20 The effect of leaf age on phytotoxicity (Total number

of necrotic spote and oll soaked areas/ disc)

Estimation Leaf Fraction 19 Fraction 22 Fraction 24

 time number  0il level (ml) 0il level (ml) 0il level (ml)

d 0.1 0.2 0.1 0.2 0.1 0.2
4 0.1 0.8 0 0 0 0

5 1.0 1.2 0 0 0. 0

6 1.7 2.6 0 0 0 0

1 7 1.4 3.4 0 0 0 0
9 1.0 2.2 0 0 0 0

1 0.9 3.3 ‘ 0 0 0 0

4 1.2 12.5 0.1 0.8 1.2 1.5

5 2.5 10.3 0.5 0.8 3.0 1.0

6 2.0 7.5 0.5 1.7 1.6 6.1

8 7 4.0 7.0 0.6 0.7 5.4 9.5
9 2.8 4.8 0.7 0.7 10.1 9.1

11 3.0 7.2 0.7 0.1 4,7 11.5

i 2.4 12.5 0.2 1.8 1.2 10.5

5 2.9 10.3 0.5 2.1 4.4 8.6

6 2.9 7.5 0.8 6.2 3.4 43.8

. 7 4.0 7.7 1.2 9.3 10.7 51.0
9 2.8 5.9 2.4 12,1 16.9 52.9

11 3.2 8.6 1.3 6.0 ' 10.3 47.1
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Table 21 The effect of leaf age on phytotoxicity type (Number of

necrotic spots [N.S.], oil soaked areas [0.

3.1 or poth [T ] /disc)

Fraction 19

Praction 22

Estimation 0.1 ml o1l level 0.2 ml oil level 0.1 ml oil level O.2ml oil
level
time Leaf Phytotoxicity Phytotoxicity Phytotoxiclty Phytotoxiily
(a) age N.S. 0.8. T. N.s. O.s. T. N.S. 0.5. T. N.S. 0.8.T.
4 1.0 0.2 1.2 12.5 0 12.5 0 0.10.1 0.2 0.60.8
5 2.5 0.5 2.5 9.9 o.& 10.3 0 0.5 0.5 0.1 0.7 0.8
6 1.0 1.0 2.9 5.6 1.9 7.5 0.1 0.4 0.5 0.7 1.0 1.7
8 7 2.7 1.3 4.0 6.2 0.8 7.0 0.4 0.20.6 0.7 0 0.7
9 2.5 0.3 2.8 -3.6 1.2 4.8 0.5 0.20.7 0.3 0.4 0.7
11 1.6 1.4 3.0 4.3 2.9 7.2 0.3 0.40.7 0 0.10.1
4 1.3 1.1 2.4 12.6 0.6 13.2 Phytotoxlcity of fraction
A5 2.1 0.8 2.9 10.0 1.0 11.0 22 only estimated in
14 6 2.0 0.9 2.§ 5.8 1.8 7.6  terms of total damage
7 2.8 1.2 4,0 6.6 1.1 7.7
9 2.4 0.4 2.8 b3 1.6 5.9

11 1.9 1.3 3.2 4.5 4.1 8.6

Discussion cn the effect of leaf age con phytotoxicity

Table 20 shows particularly with fraction 22 at the 0.2 ml level and

fraction 24 at both the 0.1 ml and 0.2 ml level that at 14 4 the younger

leaves 4 and 5 were more resistant to olil damage than

damage increased to a maximum on the mature leaves 6,7
&

older leaves. Total

7 and 9 but decreased

again on leaf 11. With fraction 19, damage tended to be slightly greater

on the younger leaves at the 0.2 ml ievel. Fig. 8 shows the line for
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Fig. - 8. The effect of leaf age on phytotoxicity at 14 days
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fraction 19 being an almost mirror image of fraction 22. Table 20 also
shows-that fraction 19 caused phytotoxic symptoms earlier than either

fraction 22 or 24. It also shows together with Fig.8 that fraction 24 was

by far the mést phytotoxic of the three fractions. Table 21 shows phytotoxicity
in terms of necrotic spots or oil scaked areas. For fraction 24 at 8 d

and fraction 24 and 22 at 14 d it was difficult to distinguish between the

two types of phytotoxicity and thus only totals of both type were noted. The
jmajority of damage caused by fraction 19 was in the form of hgcrotic spots

rather than oil soazked éreas particularly at the 0.2 ml level; The effect

of water stress is shown 1n Tables 22 and 23.

Table 22 The effect of water conditions on phytotoxicity (Total

number of necrotic spots and oil soaked areas/disc)

Assessment Treatment Fraction 19 Fractidn 22 Fraction 24

time conditions 011 level (ml) 0il level (ml) 0il level (ml)

(a) 0.1 0.2 0.1 0.2 0.1 0.2
-?fi/open b5 11.7 0 0 0 0
* . ' ' .
-W/closed 2.0 5.7 0 0 0 0

1 TWlelosed 1.7 2.6 0 0 0 0
* - -
-W/open 5.0 17.6 1.4 2.8 8.6 21.8
*

8 =W/closed 3.7 9.4 0.3 0.9 3.3 11.0
+W/closed 2.9 7.5 0.5 1.7 1.6 6.1
—%/open - 5.8  17.4 1.6 - 11.8 69.5

14 : —-fff/closed 5.0 9.9 0.4 - 6.8 35.6
+3§/closed 2.8 7.. 0.8 . - 3.4 '43.8

* + W = discs sprayed with water; - W = discs unsprayed
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Table 2% The effect of water conditions on phytotoxicity type i
(Number of necrotic spots, oll soaked areas or both) g
’ ;
Fraction 19 ~ Fraction 22 §
%
, E
Assessment Treatment ©0.1lml oil level 0.2ml oil level O0.1lml oil level 0.2ml oil
: : : level ;
i
time conditions Phytotoxicity Phytotoxicity Phytotoxicity Phytotoxicity
(a) N.S. 0.S. T. N.S. 0.8. T. N.S. 0.8. T. N.S 0.S. T.
-W/open 4.8 0.2 5.0 13.8 3.8 17.6 0.7 0.7 1.4 0.8 2.02.8
8 —W/ciosed 2.4 1.3 3.7 6.1 3.3 9.4 0 0.3 0.3 0.2 0.7 0.9
+W/closed 1.9 1.0 2.9 5.6 1.9 7.5 0.1 0.4 0.5 0.7 1.0 1.7,
-W/open 4.8 1.0 5.8 13.8 4.6 18.4
14 " W/closed 2.9 2.1 5.0 7.0 3.3 10.3
1.9 2.9 56 2.0 7.6

+W/closed
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Discussion of the effect of water stress

The results in Table 23 clearly show the diffefence between open and
closed Petri-dishes and again that fraction 22 is less phytotoxic than
fraction 19 with fraction 24 causing by far the greatest damage) With
fraction 19 at the 0.2 ml level discs sprayed with Qater and maintained
in closed dishes showdthe least phytotoxicity followed by discs in
unsprayed closed dishes and finaliy, the highest phytotoxicity occurred
on unsprayed discs in dben dishes. Fraction 24 showed the séme progression
though at thé 0;2 ml level phytotoxicity was so high and variation between
discs so large that there was no significant differen;e between sprayed

and unsprayed discs in closed dishes.

»

As shown in Table 23 phytotoxiéity caused by fraction 19 which was
ﬁainly in the forﬁ of hecrotic spots was clearly reduced by maintaining
the discs in humid coﬂditions.v There was also a slight suggestion that
phytotoxicity with fraction 22 might‘be more in the form of oil soaked

areas. This was examined further as shown below.

>c) The effect of temperature on the phytotoxicity of fraction 22
A Discs were cut from leaves 3 and 5 of vine [ "Black Hamburg" sprayed
as before at the 0.2 ml levél and floatea on water in open Petri-dishes.
‘The dishes were blaced in gefminating trays with the lids of the trays
supported so that the dishes were covered leaving a gap sé that the discs
were not exposed to humid conditions. The trays were then placed in
the following conditions:-
1. A cooled lighted growth cabinet at c. 4%
11. A cooled lighted growth cabinet at c. 20°C | f
111. A non-cooled lighted growfh cabine@ at 932000 - jsocqwith the lights'on‘
during the night and off duriﬁg the day to prevent the temperature
rising too far.
1v. The cdllege gfeenhouse giving somewhat wider temperature fluctuations -
than 111 of~9 15% - 40°.  Lighting was similar to that in growth

cabinets. ‘
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Phytotoxicity was estimated in terms of the average number of

necrotic spots or oil soaked areas per disec. Results are shown in Table 24.

Table é4 The effect of different environments on the phytotoxicity of
: { _ )

N

Praction 22

Assessment Leaf " Environment
time number 1 11 111 v
(d) N.S. 0.S. N.S. 0.S. N.S. 0.S. N.S. 0.S.
3 0 2.4 0o 108 0 0.6 — —
Y 5 0 1.8 0.8 7.00.6 3.0 4.4 13.6
3 1.810.6 -0 15.60.6 0.6 —  —
8 5 ,0.415.5 0 18.0 0 3.2 9.0 20.2

'Diseussion .

In this experiment it was very clear that fraction 22 phytotoxiéity
waé mainly in the form of oil soaked areas. It is difficult to explain,
howevef; why the conéitions of énvi?onment lil should cause the oil to be
iess‘phyfotoxic than the otheré. It is possible that-the'relativély high
temperatures of environment lll'méy have caused the oil to evapératé at a
sufficiently rapid rate as to prevent phytotoxicity. At the lower temperatures
of environment 1 and 11 no significant evaporation would have occurred>whereas
at the higher temperatures-of environment 1V, the effecf mightAhave beeﬁ to
reduce oil—viscoéity sufficiently enough to enable it to penetrate into the

leaf tissue before it could evaporate.

Apart from environment 111 the results suggest that there is no effect
of temperature on phytotoxicity. The literature is contradictory on this
point (Havis,. 1950; Dallyn and Sweet, 1951) and the experiment described here

was not precise enough to Jjustify any conclusions.
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a) A comparison of fractians 21, 22 and 2% for disease control

and phytotoxicity

Aithough fraction 22 was the least phytotoxic o0il so far tested, it N
was still capable»of causing consideréble damage as shown in the last
experiment, Thus the two fractions abo&e and below fraction 22 were tested
in an attempt to find a less phytotoxic oil whilst méintaining high fungitoxic

activity.

Discs were cut from seedlings of cv. "Riesling" which was used in all
further experiments. Ollswere sprayed at the 0.1ml and 0.2ml levels and
the discs inocculated and incubated in stalning dishes (as before). Sporulation

was estimated in terms of the number of sporargia per disc.

Phytotoxicity was studied in a second experiment using disés floating
on water in open and closed Petri-dishes with necrotic spots and oil soaked
areas counted separately as before. In this experiment oils were applied at

the 0.15 ml level.

Table 25 The effect of fractions 21,22 and 23 on vine downy mildew
-3
Fraction % 10 Sporangia/disc % Control*
number 0il level (ml) 0il level (ml)
0.1 0.2 0.1 0.2
21 4.7 2.5 - 85.1 92.3.
22 7.3 5.0 7.7 84.6 * Control = 39.0

-3
23 - 4.6 5.7 55.1 82.6 x 10 Sporangia/disc
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Table 26 The phytotoxiclity of fractlons 21, 22 and 23
Assessment Fraction Petri-dish open Petri-dish closed
time number Phytotoxicity type Phytotoxicity type
(a) o N.S. 0.8. 7. N.S, 0.8. T,
21 0.1 0.1 0.2 0.2 0.7 0.9
4 22 1.6 5.7 7.3 0.5 3.0 3.5
23 0 0.1 0.1 0 0] 0]
21 0.1 0.4 0.5 1.0 4.5 5.5
13 22 . 15.1 6.4 21.5 6.5 10.0 16.5
23 0.4 1.1 1.5 0.2 1.1 1.3
21 0.1 0.4 . 0.5 1.0 6.1 6.5
23 22 22.7 7.8 30.5 11.4 7.2 18.6
23 . 0.6 1.3 1.9 1.4 10.4 . 11.8
Discussion

Tﬁe results of the first experiment given in Table 25 show that disease
control increased with decreasing oil fraction boiling point. FraotionxQB
showed a much larger increase in control from the 0.1 ml to 0.2 ml oil level
than either fraction 21 or 22. Thus fraction 23 was mﬁoh more active at the
higher level than would have been expected from its activity at the lowerilevel.

This suggests that its activity was not just due to a simple protective effect.

Fraction 21, as shown in Table 26 was much less phytotoxic than fraction 22
and although'damage at 13 4 was greater than for fraction 23, by 25 4 fraction
2% showed more phytotoxicity than fraction 21. This is consistent with previous

results where fraction 19 showed phytotoxicity at an earlier date than fraction
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22, and is expected in that lower boiling point (and thus lower molecular
weight and less viscous) hydrocarbons will take longer to pehetrate and act

within the tissue.

If the effect of using open or clésed Petri-dishes is assumed to be one
of low or high humidity, the effect of the latter on the phytotoxicity of the
three oils is very clear. At 23 4 the high humidity conditions increased
the ph&totoxicity of both fractions 21 and 23 mainly in the form of oil soaked
ag¢reas whereas necrotic spot damage was not significantly affected. With
fraction 22 the reverse was the case, high humidity conditioné redﬁcing
phytotoxicity in the form of necrotic spots. This result contradicts that
of previous experiments where fractlon 22 phytotoxicity was mainly in the form of
0ll soaked areas. It was noticed, however, tha% during the experiment,
many of the oii soaked areas on fraction 22 sprayed dises gradually turned brown
and thus would at-a later date be counted as necrotic‘spots. It is likely,
therefore, that the lower molecular weight and less viscous fraction 22 caused
damage initially in the form of oll scaked areas which then browned rapidly.
This is confirmed by the 4 d results, damage for this fraction being mainly
oil séaked areas. With the higher molecular weight and more viscous fractlon 23
phytotoxic action would have progressed at a slower rate and thus at 23 d damage
Qas mainly in the form.of 0il scaked areas which would presumably, eventually
go brown; Fraction 21, showed the least phytotoxicity which may have been due
to its relatively high volatility as shown in Appendix 1 C or alternatively |
it may have been rapidly diluted within the léaf tissue due to its relatively
low viscpsity. The increased.phytotoxicity of this fraction under conditions
of high humidity may have been due to a reduction in its rate of evaporation,
caused more by the closed environmeﬁt rather than by an effect of humidity.
One éannot, however, explain the similar effect for fraction 23 in the same way
as it is Virtually non-volatile (Appendix 1 C) and it may be ﬁhat for this
fraction, high hum;dity favours oll damage as suggested by Kell@y(l930) though

rejected later by Dallyn and Sweet (1951).
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Thus fraction 21 gave almost complete disease control whilst causing

negligible phytotoxicity even after 23 d.

As a final test, both the(A + H) and (N + P) components of this fraction

were compared with BP85 for dlsease control.

e) A comparison of fraction 21 components with BP85 for the control of

vine downy mildew

Discs were cut, sprayed at the 0.15 ml level and Sporulation estimated in

i

terms of the number of sporangia per disc.

Table 27 The effect of BP85 and fraction 21 components on vine downy mildew

Treatment  Sporangila/disc %

- (x 10) Control
Control 21.5 -
Fraction(A+H) 0.75 95.6

21 {(N+P) 16.0 25.5
BP85 19.3 10.0

Discussion

In this experiment the (A + H) component of fraction 21 again gave almost
complete control of the disease as is shown in Table 27 and Plate 2 whereas
the (N + P) component gave a small but significant reduction ih sporulation,
BP85 gave a slight reduction which was not, however, significant and again

indicated the variability of the effect of oil on the disease.
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2. End-point for control with (A + H) components

In previous experiments, disease control using the (A + H) Components
of the less phyﬁotoxic fractions was good but not complete. Thus, to determine
the levels required to give complete control, fractions 21 and 23 were first

compared for disease control,

?

a) A comparison of fractions 21 and 23

Discs were sprayed with the (A+H) components of fractions 21 and 23 at
levels from 0.1 ml to 0.9 ml. They were inoculated and sporulation graded

visually on the O to 5 scale as before. Results are shown in Table 28.

Table 28 The oil level of fractions 21 and 23 reguired for complete

control of vine downy mildew

(A + H) 0il Sporulation grade

leveli(ml) ‘ Fraction 21 Fraction 23

Control 2.4
0.1 0.9 1.6
0.2 0.3 1.3
0.3 ) -0 1.4
0.5 0 1.2 | )
0.7 o 1.0
0.9 o . 0.8

Discussion

Using fraction 21, complete control was oﬁtained,with the 0.% ml level
whereas with the highest level of fraction 23 used, sporulation was still quite
marked. 'AAlthough it is not possible to interpret grades in terms of sporangia

[

per disc, it is clear that using fraction 2%, control increased only very
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gradually with éuite large increases in oil level. This contradicts an
earlier suggestion that this fraction might be more effective at higher levels
than wouldvbe suggested from its effect at low levels (Table 25 and text).
Fraction 21, however, was as effective at the lowest level of 0.1ml as fraction

2% was at the 0.9 ml level.

b) Disease control and phytotoxicity of fraction 21
Discs were sprayed with fraction 21 at levels from 0.05 to Q.60 ml,
K .
inoculated and sporulation graded as before and phytotoxicity assessed as the

number of necrotic effects or oil socaked areas per.disec. Results are shown

in Table 29.

Table 29 Disease control and phytotoxicity of fraction 21
(A + H) OIL Disease Damage
] level (ml) grade per disc
Control 2.0 .0
0.05 0.2 B 0
0.10 0 0.8
0.15 . 0 2.2
0.30. 0 9.1
0.60 : 0 18.7
Discussion

The‘0.0B ml level in this experiment gave the same order of control as the
0.2 ml level of the previous experiment suggesting that the variability of the
effect of oii on leaf discs also applies to disease control. It further
suggests a mechanism of action other than a simple protectant effect. Phytotoxicit

Was similaf to previous experiments but with no damage evident at the 0.05 ml level.
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It is clear, however, that even with this fraction there is little lattitude

for error in oil deposits.

3. The effect of oil dilution on diseaée control and phytotoxiclty

As shown earlier (Table 26) fraction 21 was capable of causing marked
phytotoxicity in the environment‘of a closed Petri-dish. Whether this was
due to humidity or the prevention of oil evaporation, it suggested that there
might be other sitgations in which phytotoxicity would be‘more pronounced.,
Thus it would be desirable to dilute the fraction in a non-phytotoxic carrier

0oll which would reduce phytotoxicity but maintaln good disease control.

Fractions 21, 22, 23 and 24 were diluted in BP85 giving concentrations of
from 20% to 100% and sprayed on leaf discs at the 0.15 ml le&el. Viscosities
of the di;uted oils were measured as described previously and shown in
Aépendix 1 b, and used as markers for each dilution, as the value for 50%
distillation temperature used in Fig. 7 would not apply here. Dilutions of
fraction 21 were used against vine downy mildew whilst selected dilutions of

the four fractions were compared for phytotoxicity.

Sporulation was estimated as the number of sporangia per disc as before
and phytotoxicity as the total number of necrotic spots or oil soaked areas

per disc. Results are shown in Tables 30 and 31.

Table 30 The effect of fraction 21 (A + H), diluted in BPS5

on vine downy mildew

% Sgdrulation %

(A + H) (x ic)) Sporangia/disc) Control
20 | 18.5 20.8
10 ' 8.5 63.5
60 3.4 . 85.4
8 2.9 ‘ 87.5

100 ‘ 2.4 89.6

Control 2%.4 ) —_
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Table 31 The phytotoxicity of (A+H) components diluted in BP85

(Total number of necrotic spots and oil soaked areas/disc)

Estimation Praction % (A + H)

time (d) number 20 60 100

21 0.6 0.9 5.5

) 22 0.6 2.4 4,7
4 2% 0.2 1.2
2 1.2 3.7

21 1.2 2.6 6.6

oo 1.6 6.7 10.0
1% 2% 1.9 2.7

2l 3.1 15.4

Discussion

.fhe activity of fraction 21 remained at a high level down to and including
a dilution of 60% after which it fell off rapidly. Even at this level, however,
phytotoxicity was still evident and in termé of a whole vine leaf would probably
be unacceptable. Fig. 9 shows that for disease control, activity is not directly
related to the concentration of the (A + H) component, the reduction in sporulation
at 60% being almost the same as 100%. The phytotoxicity of fractions 21 and 22
do, however, follow concentration more closely, although with fraction 21 phytotoxidy
inereases more rapidly froﬁ 60% to 100% than up to 60%. Only two dilutions
of fraction 24 were tested but it.is clear that the difference in phytotoxicity

between the two is not related to (A + H) component concentration.
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The effect of (A + H) component dilution on sporulation and phytotoxicity
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10. A comparison of (A + H) component phytotoxicity at 60 per cent

dilution

"
U1
o1
3
5
o
[N
;g 20
S
a 18 __]
-
3 Fraction 24
16
+
£
[N
i3]
o 12 __|
ot
12
g
o 10 e
[
o 8
. Fraction 22
£ |
By
B
H 4y o
9
g 2
§ 1 PFraciion Fraction
E 21 23
Ay 0 I
20 40 60 80 100 110

OIL VISCOSITY (S.U.S. at c. 20°C)



- 93 -
Fig. 10 shows the phytotoxicity of the four fractions at a dilution of

60% and shows clearly the variation in phytotoxicity with the different oil
fractions and the two troughs of low phytotoxicity given by fractions 21 and

23.

by, The effect of a carrier-oil on the activity of (A + H) components

The previous experiment showed that anti-mildew éctivity was not directly
reléteé to the concentration of fraction 21, (A + Hj component in BP85 carrier
oil. At higher concentrations,'the BP85 had little effect‘on activity whereas
at lower concentrations, the carrier oil masked the effect of the (A + H)
Eomponent. To‘confirm this latter effecf, the crude oil fraction 21 was
tested against downy mildew at levels from 0.15 ml to 0.60 ml. As the crude
0il was known to contain 34.3% of the (A+H) component, if the carrier oil
(i.e. the (N + P) component of fraction 21 crude oil) was having no effett,

a crude oil level of 0.44 ml should give the same disease control as 0.15 ml
of.the (A + H) component. Thus fraction 21 crude oil was compared with fraction
21 (A + H) coﬁponent together with fraction 20 and 23 crude oils at 0.15 ml.
Discs were-inoculated and estimated for sporulation in terms of grades and

Spofangia produced as before.

Table 32 The effect of crude oil fractions on vine downy mildew

Fraction 01l 01l level Sporulation Sporaﬁgia/disc %
number type (ml) ‘ grade (X—lg) Control
. Control " 3.1 30. 4
20 C.0.* 0.15 3.1 31.9
21 c.o. 0.15 ' 2.1 20.0 3h.2
" " 0.20 1.6 16.7 45.1
" B 0.60 12 9.0 70.4
- (A + H) 0.15 : 0.3 2.9 90.4
23 c.o. 0.15 2 | 26.0 14.5

* = crude oil



Discussion

As éan be seen from Table %2 even at the 0.6 ml level the crude oil
fraction 21 did not give as good control as the (A + H) component, confirming
that the carrier oil Was masking the activity of the latter. Neither the
crude oil fractions 20 or 23 gave any marked disease control, the former

presumably volatilizing before it could have any effect.

5.  The eradicant action of (A + H) components

As o0ils are known to penetrate into leaf tiésues it was possible that in
doing this the (A + H) component of oils might in hibi£ the fungus once it
had penetrated and become established. = To test this the (A + ) component
of fraction 21 was sprayed at the 0.15 ml level onto discs Jjust prior to
inoculation as normal and then after removing the inoculation drops at 24, 48
and 72 h . . Sporulation was estimated as the number of sporangila per disc and
the lesions graded 1n terms of the degree of browning using a scale from 1 to

%, To show that any effect was due to the (A + H) component, this was compared

with (N + P) component of the same fraction,

Table 33 The effect of post-inoculation sprays of the (A + H) component

of fraction 21

Treatment Sporulation % - Lesion
time ( a y (xig sporangia/disc) Control browning*
Control 5.70 — 1.0
0 0.95 83.3 0
1 0.70 87.7 2.7
2 o 0.90 84.2 _ 1.7
3 1.20 78.9 | 1.5
* 1 = Light browning - oil soaking and/or brown flecks with start. of browning
2 = Moderate browning - mainly brown but with some non-brown flecked tissue
' remaining
% = Complete browning.



- 95 -

Table 34 A comparison of the (A + H) and (N + P) components of fraction

21 for eradicant activity

=3

Time Sporangia/disc (x10) %  Control

(a) (A + H)' ( N+ P) ( A+ H) (N + P)
Control : 14.5 —_

0] 2.2 15.2 84.8 —

I 2.5 15.0 82.8 —_—

> 3.1 14.8 78.6 L

Di§cussion

. When, after » d, the discs were transfered to high humnidity conditions,
the control discs showed light but consistent sporulation and the pre-inoculation
treatment showéd none. The post-inocculation treatments, however, showed
degrees of browning in the aréa of the inoculation drops and were roughly graded
as shown in Table 33. The 1 d treatment showed no sporulation but marked
browning. The 2 d treatment showed dight sporulation at the edge of some ;f the
inoculation»areas which were otherwise browned though somewhat less than the 1
d treatment disecs. ‘The 3 d treatment showed more sporulation than the 2 4
treatment with browning slightly less than 2 4. After 5 d sporulation on the

‘ *

controls had increased with someaii?dent on the pre-inoculation treatment discs.
At this time éporulation was estimated, the results being given in Table 33
As can be seen, control was maintained, in terms of a reduction in sporulation,
up to 3 d after inocculation, and accompanied by much tissue browning. ?his

was not evident on the pre-inculation treatment, there being no sign of any type

of damage. Thus there would seem to have been an intefaction of the oil and
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the invading fungus resulting in the prevention of sporulation and browning

and aeath of leaf tissue.

The results of the second experiment given in Table 34 showed that only
the (A 4+ H) component was capable of eradicant action, the (N + P) component
in this case causiﬁg a slight.increase in sporulation.' This again indicates
the variability of the effect of o0il, previous tests with this fraction component
having shown a small reduction in sporulation or no effect at all. Some
browning was noticed in the (A % H) treatments but was less marked than in the
first experiment suggesting that browning was not necessarily to be associated

with eradicant action.

6. The persistence of the (A + H) component of fraction 21

The (A + H) component of fraction 21 was relatively volatile as shown in
Appendix 1 C, this having already been suggested as an explanation for its low
phytotoxicity. Volatility might also be expected to affect the persistent
activity of the‘fraction and discs were therefore sprayed at the 0.15 ml level
at 0, 1, 3, 5 and 7 d prior to inecculation. A pargllel series of discs were
sprayed at the same times but the five discs of each replicate washed in 20 ml
of distilled water for 20 s, using a whirly mixer, to simulate Fhe effects of

heavy rainfall. The resulting leaf washings were tested against the germination

of Plasmopora viticola on glass slides as described previously. Both washed

and unwashed discs were inoculated and sporulations estimated visually.

Table 35 The effect of pre-inoculations sprays of fraction 21, (A + H)

“component on sporulation and the activity of leaf washings

Pre-treatment Sporulation % Germination
time grade ) . in leaf
(a) Un-washed Washed washings
Control 2.10 2.10 76.4
0 0.22 0.82 77.1
1 0.54 0.68 76.9

3 0.87 0.95 76. 1
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Table 35 cont.

Pre-treatment Sporulation % Germination
time grade in leaf
(a) Un-washed Washed washings
5 0.93 1.01 ~ 75.9
7 0.98 ' 1.07 76.8
Slide germination control : 63.5
Discussion

Although infection was not very good the effect of washing in relation
to persistence can be clearly seen. Washing the discs immediately aflter
spraying and before inoculation caused a small but significant increase in
sporulation. - The increased sﬁorulation was not due to any detectable
inhibitor being washed off the discs, as germination was greater in leaf
washings than in distilled water on gléss slides. The longeéﬁ%ﬁl remained
on the discs the leés effect washing had on ihfection, though the activity of
the o0il fell off very gradually with time. These results are therefore

consistent with both the volatilization of the oil and alsc with penetration

into the leaf.

7. The effect of inoculum concentration on disease control

Were .
In two experiments discs sprayed with the (A + H) component of fraction 21
at the 0.15 ml level and inoculated with suspensions of 40, 20, 10, 5 and 2.5 X
10 sporangia/ml. If the oil was acting as a. simple protectant, the degree of

control should be the same for all concentrations, although a positive result

in this direction would not necessarily prove this hypothesis. Sporulation
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was determined as the number of sporangie per disc. Results are shown in
Table 36.
Table 36 The effect of inoculum concentration on disease control

(sporulation given as x 10 sporangia/disc)

EXPERTMENT 1

Concentration 40 20 10
-4
(x10 sporangia/ml)

Control 22.7 24.0 33,0

Fraction 21(A+H) 3.5 3.7 5.6
% Control ' 85.1 84,6 83.1 |
EX?ERIMENT 11
C?ncentration 10 5 2.5
-

(x10 sporangia/ml.)

Control 18.1 13.4 8.0

Fraction 21, (A+H) 2.7 0.6 0.4

!

% Control . 85.1 95.5 95.4

Discussion

As shown by Skellern (1968) increasing the inoculum concentraticn increased
sporulation up to a point after which it was reduced. Disease control decreased
by 10% when the iﬁoculum concentration was increased from 5 to 10 x lO4 sporangia/
ml. These results thus again suggest that the meohanism of action of the oil

cannot be explained in terms of a simple protectant effect.
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8. The effect of leaf age on disease control

Having tested both variations in the type of oll and inoculum concentration
pf the fungus, host variation was tested in terms of leaf age thus combining
tﬁe effects of oil and fungus under variable host conditions. Discs were cut
from leaves 4, 5, 6, 7 and 9 numbered sequentlally from the first unfurled leaf
of 0ld seedlings, and sprayed with the (A + H) component of fraction 21 at the
'0.15 ml level. Sporulation was determined as the nmumber of sporangla per disc.

.Téble 37 The effect of leaf age on disease control
-4

(Sporulation given as x 10 sporangia/disc)

Leaf Sporulation %
number Control 0il Control
4 17.3 0.42 97.6
5 16.5 0.59 96. 4
6 14.0 1.05 92.5
7 9.1 1.23 86.5
9 5.7 0.98 82.5
Discussion

As Table 37 shows, leaf age had a marked effect on disease control and
would perhaps account for variations in the effect of both the (N + P) and
(A + H) components on disease control in previous experiments. Disease
control was highest on the younger leaves and fell off with increasing leaf age.
This 1s again difficult to explain in terms of the oil agting as a simple
chemical barfier, and combined with results of previou% experiments strongl
suggests that the oil is acting on the host making i1t more resistant to the fungus.
Alternatively the oil might be acting directly on the fungus inside the leaf.
In this case the effec£ of leaf age might be due to the greater density of

stomata on young leaves than on old leaves, thus making it easier for the oil
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to penetrate the leaf. In an attempt to clarify this former hypothesis
experiments described below were carried out to test thé effect of the oll

directly on the fungus and indirectly via effects on leaf diffusates.

D. The Effect of the (A + H) Components of Qil Fractions on Zoospore

Beheviour on Leaf Discs

In an attempt to study zoospore behaviour the chlorine bleach technique
described previously was first tested. Although bleaching was successful
the disc tended to become distorted making it difficult to see clearly the
stomata and any structures associated with 1it. The technique of Preece (1965)
as described previously was much more successful and zoospores could be

¥

seen around stomata.

Discs were sprayed at the 0.15 ml level with the (A + H) component of
fraction 21 and inoculated as before. After 24 h, four control and four
treated discs were fixed and counts made of the number of stomata with zoospores
and the number of zoospores per stoma. Three replicates of five discs were
used to determine the sporulation for both oil treatment and control, counts

being made of the number of sporangila per disc.

Table 38 The effect of the (A + H) component of fraction 21 on

sporulation and zoospore behaviour

Treatment ' Sporulation % Stomata Average number
of

(x10 sporangia/disc) with Zoospores Zoospores/stoma

Control 15.1 - 76 5
Fraction 21(A+H) 0.9 \74 5
% Reduction 94.0 _— —

Discussion

As can be seen from Table 38, although disease control was high there was
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no significant effect of the oll treatment on elther the percentage of stomata
with Zoospores or the number of Zoospores per stoma. This again provides
strong evidence against the chemlcal barrier hypothesis of oil action.

E. Tae Effect of the (A+H) Components of 0il Fractions on Vine TLeaf Discs

Skellern (1968) reported the presence, on or in vine leaf discs, of an

inhibitor of the speorangial germination of Plasmopara viticola, In an attempt

to confirm this, the modified drop-diffusate technique of Bailey (1968) was
used. At the same time the effect of the (A + H) components of fractions

21 and 2% on the activity of diffusates and any possible interaction with

an inhibitor if present was alsc tested. Thus diffusates were collected from
0il treated and control discs and tested, before and after bolling, on the

in vitro germination of sporangla of P.viticola. As the technique involved
the use of plastic Petri-dishes, the controls included drops collected from
unsprayed and oll-sprayed Petri-dishes which were then tested against P.viticola

on glass slides.

Diffusates were obtained by placing 0.0% ml drops of sterile distililed
water in plastic‘Petri—dishes and allowing a 7 mm diameter leaf disc to remain
with its lower surface resting on each drop for 24 h and 48 h. The leaf area
exposed to a standard volume of water was about foyrty times greater using
this method than used by Skellern (1968) so that the inhibitor, if present,
should be easily demonstrated in bioassays. Diffusates were boiled for 5 min
and bilcassays carriéd out as described previocusly. In BExperiment 1 diffusates
were collected after 24 h and in Experiment 11, after 48 h, Oils were sprayed

at the 0.15 ml level. Results are shown in Table 39.
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Table 9 The effect of the (A + H) components of oil fractlions

21 and 25 on leaf diffusate aclivity

EXPERIMENT 1 ( 24 h)

Treatment ‘ % germination of P.viticola
‘ Fraction 21 Fraction 23

Leaf diffusate unboiled 68.8
Leaf diffusate boiled 66.5

(0il # leaf) diffusates unboiled 64.3 65.1

(01l + leaf) diffusates boiled 2.7 64 .2
Control (glass slide) 51.4

Control (Petri-dish) ) 49,7

Control (oil + Petri dish) ' 49.9

EXPERIMENT 11 ( 48 n)

Unboiled (oil + leaf) diffusate 51.5 51.1
Boiled (o0il + leaf) diffusate 50.2 504
Unboiled leaf diffusate 52.1
Boiled leaf diffusate 50.7

Glass slide control 41.2
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None of the treatments showed any inhibition of sporangial germination
whereas diffusates from both sprayed and unsprayed discs stimulated germination.
The stimulatory principle(s) in the diffusates was unaffected by boiling
which suggested that they might be sugars.  These results confirm those of the
persistence experiment where leaf washing were also found to be stimulatory
to the'germination of sporangia of P.viticola. The non-significance of any
fungitoxic substances in vine leaf diffusates was also indicated by the work
of Dunn et _al, (1969) who sﬁowed that leaf washings of five plant species
including vine inhibited the funglcidal activity of ethylene thiuram

ide
disulphhie (BbT) in vitro to A. brassicicola. He further found that the

privnciple fungicide antagonist in water soluble leaf exudates was D-glucose.

Although this experiment did not demonstrate any effect on the fungus

via an action upon the host, it does not necessarily disprove the hypothesis,

F. The Effect of the (A + H) Components of 0il Fractions on Plasmopara viticola

1. The germination of sporangia of P. viticola on oil sprayved slides

Slides were sprayed with the (A + H) components of fraction 21,22 and 23
at the 0.1, 0.2 and 0.% ml levels. The germination of sporangia was tested
on these slides as described previously. Results are shown in Table 40.

Table 4o The germination of P.viticola on slides sprayed with the

(A + H) components of oil fractions

Fraction 0il level Percentage
number (ml) germination
Control — 71L.9
! 0.1 7%.2
21 0.2 73.8
0.3 4.2
0.1 13.2

22 0.2 TH. 1
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Table 40 cont.

22 0.3 73.6

; 0.1 75.1
“ 2% 0.2 73.6
0.3 4.2

Discussion

There was no significant difference between any of the treatments and

the control, emphasizing the importance of screening oils, as potential plant

disease control agents, on inoculated hosts. As Calpouzos (1966) has

pointed out, many phytopathogenic fungi grow well in the presence of olls

which, however, control the diseasescaused by the fungi.

2. The effect of oils on the sporangia of P.viticola in situ

As o0ils are by definition hydrophobic substances it is perhaps not
: <
surprising that the sporangia of P, viticola germinatieas well on oil sprayed
slides. To test the direct toxic action of oils on the fungus, sporangia

in situ on vine leaves were sprayed with oils and their germinatlion then tested.

a) The effect of fraction 22 components and BPS5

Discs were cut from sporulating leaves and sprayed with crude oil (c.0.)
fraction 22, its (N+P) and (A+H) components at the 0.15 ml level and with
BP8S at the 0.15 ml and 1.0 ml level. The treatments were left for 6 h on
moisﬁ paper tissue in Petri-dishes in a!l?oC lighted incubator. The
sporangia were then washed off, each of the thrée replicates of four discs
in 1.0 ml of sterile distilled water, and the germination of the sporangia

tested on slides as usual. Results are shown in Table 47,
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Table {g The effect of fraction 22 components and BPES on

sporangla of P.viticola in situ

Treatment 0il level %
(ml) germination
Control _— . 89.6
; | Fraction 22 (C.0.) 0.15 89.0
| L " (A+H) 0.15 88.7
n "R 0.15 89.4
BP85 0.15 89.9
" 1.00 89.8

Discussion

There was no significant difference between any of the trealments
and the control.showing that the oils had no direct toxic action on the

sporangia.

b) The effect of (A + H) components
| The above experiment was repeated using the (A + H) components of fraction

19, 21 and 23 at the 0.15 ml level.

Table 42 The effect of (A + H) components on Sporangia of P.viticola in situ
Fraction %
number germination
Control 93.2
19 92.5
21 91.6
23 o92.7
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Discussion

There was again no significant differences between any of the treatments

showing that the (A + H) components were not toxic to sporangia.

G. The Phytotoxicity of (A + H) Components of 0il Fractions on Whole Plants

Whele vine seedlings were sprayed with the (A + H) components of fractions
19 and 21 as described on page 48 using the Micron ULVA, giving deposits of
2.9 ang 4.9 mg/lOO cm2 respectively. The plants were kept in the greenhouse
at temperatures ?arying between c. 1500 to c. §SOC'for 36 h . Phytotoxicity
was mainly in the form of necrotic spots and was Foughly‘graded on a scale from
0 to 8 i.e. no necrotic spots to coalescence of necrotic spots. Three plants
were used for each treatment and the results showing the variation between

leaves and plants are given in Table 43.

ggpleb43 Phytotoxicity of (A + H) components of fraction 19 and 21

on whole plants (grade/leaf)

Replicate Fraction 19 Fraction 21

Leaf 1 Leaf 2 Leaf 3 Leaf 1 Leaf 2 ILeaf 3

1 0 0 0 2 4 —
2 0 0 0 1 6 5
5 0 0 0 3 6 5

Discusgsion

Thus, whereas fraction 19 presumably volatilized before it could cause
any phytotoxicity, fraction 21 caused very heavy phytotoxicity. The fact
that damage appeared so soon at its maximum (phytotoxicity did not noticeably
increase over a periocd of & d) demoustrated the vastdifference between leaf

discs in the favourable conditions of a Petri-dish and whole plants 1n the
&
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greenhouse.alt relatively high temperatures and dry conditions.
Thus the (A + II) component of fraction 21 could not possibly be used

in ite crude stale in commercial practice.

H., Mass Spectroscopy of the (A + H) Component of Fraction 21

As the crude {A + H) components caused heavy phytotoxicity the next
logical stage was to atbempt a separation of fungltoxic compounds from
phytotoxic compounds. As a first stage the (A + H) component of fraction 21
was analysed in a mass spéotrometer to determine the main types of hydrocarbons
present. )The work was carried out by the Mass Spectroscopy Group,

Analytical Section, British Petroleum Research Centre, Sunbury—oﬁ~Thames

‘and the type analysis is given in Table A44.

Table 44 Type analysis of fraction 21
Hydrocarbon type Formula Percentage
of fraction
Paraffins Cn Hon + 2

Mono-Cyclo-paraffing Cn H2n ~
Di-Cyclo-paraffins ’ Cn Hon-2
Tri " B Cn HZn-4 3
Tetra " S Cn Hon-6
Penta " " Cn H2n-8
Hexa " " Cn H2n-10
Alkyl benzenes Cn H2n-6 11
Benzo-cyclo-paraffins Cn H2n-38
Benzo—diayglo~paraffins Cn H2n-10 5
Naphthalene Cn H2n-12 |
Acenaphthenes Cn H2n-14
Fluorenes Cn H2n-16 11
Phen%§hrenes , Cn H2n-18 15
Pyrenes Cn H2n-22 4
Chrysenes Cn Hon-24 —
Benzo-thiophenes Cn.HEn—lOS 11
Dibenzo-thiophenes Cn.HEn—l6S 31 5

3
Naphthobenzo-thiophenes Cn H2n-22 —
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Discussion

As can be seen the analysis was very complicated with only the groups
ol compounds given. The sample was apparently much more complex than even

the above analysis suggests, which should therefore be treated with reserve.

At this stage the work was terminated as It would require a very large
screening programme, to determine which compounds were fungitcoxic and which
phytotoxic. The facilities necessary for this separaticn were not, at the

time available.

SUMMARY AND DISCUSSION

Of the wide distillation range cils used, only gas oll containing a high
bercentage of unsaturates (9321%) and BP85 exposed to sunlight, gave any
significant control of vine downy mildew. The degree of control was only
very small, however, showing that these oils could not be used on a
commercial scale to control the disease. The effect of BP85 (stored in the
dark) on the disease was very variable. In different experiments it was
\shown to reduce slightly, have no effect on or produce a slight increase in
sporulation. It is possible that these variable effects on the disease
ﬁight be a fesult of the variable effect of the oil cn the plant shown b&
Skellern (1968).  Furthermore, it was shown that the ability of the (A + H)
compenent of olls to control the disease was affected by leafl age. The
latter might thus have contributed to the variable results using BP85 against
the fungus. The ability of BP85 exposed Lo sunlight to cause a small but
significant reduction in sporulation complements the results of Skellern (1968)
who found that similarly treated o;l caused a significant reduction in

germination of Plasmopara viticola sporangia in vitro . They also emphasize

the desirabllity of werking with fresh patches of oil of known guality as
pointed out by Calpouzos (1966) when studying the action of oil »n banana leafl

spot.
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The saturated components of the experimental oill fractions showed
variable effects on the disease simllar to BP85, although fraction 21
congsistently gave a small reduction in sporulatiocn. The most promising
0il tested was the (A + H) component of the same fraction showing gocd disease
control and thé least phytotoxicity of all (A + H) components. There was
no detectable effect on the in vitro germination of sporangia of the fungus
or on sporangla igméigglon the leaf and, as zooséore behaviour was not
affected!it is suggested that the action of the oil must be within the host
© leaf. It is possible that the mechanism of action of the oil is similar
to that suggested by Manning (1968) for the action of oil in controlling
banana leal spot, According to this hypothesis the oil has a sufficiently
large effect on the host cells as to induce the'fgrmation of a fungitoxic
substance(s) which then inhibits the growth of the fungus. In the case
of banana leaf spol 1t was suggested that the oll, which consisted mainly
of unreactive, saturated hydrocarbons, was acting by physically damaging the
host cellé without cauéing thelr deathh and thus inducing the production of
a fungltoxic substance. The evidence for the induction of inhibitory
-substances in this way is controvercial. Isolated carrot roots stored in
the cold weére shown by Sondheimer (19%7) to accumulate a fungitoxic compound.
Deverall and Vessey (1963) showed that lightly bruising the leaf of broad
bean with a wooden rod produced a build-up of the phytoalexin, wyerone acild,
in leaf diffusates. Cruickshank and Perrin (1963,1971), however, found no
Aifference in the production of the phytoalexins pisatin and phaseollin

between endocarp tissue of pea (Pisum sativum) and bean (Phaseolus vulgaris)

respectively which has been scarified in situ and control tissue. In all
these reports, rather crude methods were used to produée wounding and it may
be that the oll, after it penectrates the leaf tissue, might come into such
intimate contact with plant cells as to be capable of inducing the production

of much higher levels of phytoalexin than by any of the above methods.

&
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In the case of the (A + H) components, the oil consists of highly
reactive, unsaturated aromatic and helerocyclic hydrocarbons. Thus
instead of or in addition to the physical action on plant cells described
above, there may also be a chemical effect. Salts of heévy metgls suech as
copper and mercuric chloride are known to induce the formation of pisatin
in pea pods (Cruickshank and Perrin, 196%) and it may be that the oil acts
in a similar way on the leaf tissue of.vine. Perrin and Cruickshank (1965)
also found that sulphydryl group containing compounds were capable of
inducing the production of pisatin and suggested that pisatin production
might be a result of some disturbance in sulphur metabolism. The (A + H)
component of fraction 21 contained about 4O% of thiophenes {(heterocyclic,
hydrbcarbon éulphide§ and thus these might be responsible for causing a
disturbance of the sulphur metabolism of vine leaves and thus inducing a
phytoalexin. The effect of sulphidesin general on phytoalexin induction
has not, however, been investigated. Nevertheless, the ability of vine
leaves tc produce a phytoalexin-like substance has been demonstrated

(Gadiev,1969).

. Although diffusates from oil treated leaf tissue were not inhibitory to

the germination of P.viticola in vitro, it does not necessarily disprove the

above hypothesis, merely suggesting that the fungitoxic compound(s), if induced,
is prevented in some way from passing out of the leaf tissue, possibly by

the o0il itself. As the seat of action of the oil appears to be within the
host leaf, the diffusion of a fungitoxie substance out into the inoculation
drop would not be important. That the o0il is acting within the leaf is
further shown by the fact that the 0il was able to reduce sporulation even

when applied up to 3 d after inoculation.
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Further support for the hypothesis is provided by the experiment on
léaf age. Disease control was slgrnificantly greater on young leaves than
on old leaves (97.6% as compared with 82.5%). Thus the oil may have
produced higher levels of phytoalexin in the younger leaves than in the older
ones. Little work has peen carried out on,the effect of leal age on
phytoalexin production though Cruickshank and Perrin (196%) showed an inverse
relationship between pea pod maturity and pilsatin production. Bailey (1969)
jalso found that the amount of pisatin produced by pea leavés decreased as
they underwent senescernce. The incculum concentration experiment showed
that this had only a small effect on disease control, there being a small
though significant difference between disease control at high and low
concentrations suggesting a mechanism of action other than a simple chemical

effect.

Without attempting to extract a phytoalexin from oil sprayed leaves, the
above hypothesis cannot be proved. It is possible that in fact, the action
of the oil ﬁithin the plant is directly on the fungal mycelisim but as the
fungus is an obligate parasite this would be difficult to demonstrate. The
effect of leaf age on this basis could be explained by the greater penetration
of oil into young developing leaves due to the larger number of stomata

per unit area on these leaves than on older ones.

The activity of the (A + H) component of fraction 21 was shown to be
masked at dilutions in BP85 of below 60% suggesting that due to its inherent
sélubility in oil and hydrophobic nature, the active principle in the component
was tightly bound with the diluent. This effect was again shown by the lower
activity against the disease of the crude oil fraction 21 sprayed at a level
calculated to give the same amount of (A + H) component as spraying with the
pure (A + H) component. The activity of this component was further shown
to decrease gradually when sprayed up to 7 d before incculation. It is
possible that this was due to volatilization from the leaf surface as this
was shown to be quite significant in volatility tests using filter paper. It

is suggested that this volatility is partly, at least, the reason for its
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relatively low phytotoxicity.

Both disease confrol and phytovoxieity were related to boiling range with
the former increasing with decreasing boiling point until, as with fraction
19, volatility became so high that the o1l did not persist long encugh to
have any effect. Phytotoxieity in ihe lower boiling.fange was in the form
of scorching, large leaf areas becoming completely browned. As bolling
‘point increased damage became restricted to small reddish brown necrotic spots.
With further increases, oil soaked areas became more evident which gradually
turned brown though with increasing boiling point the time taken for this
change increased. The (A + H) cémponent of fraction 21 came in the middle
of this sequence, its boiling point not being so low as to cause rapid
necrbtic 'spotting' or too high as to be so persistent as to cause long term

oll soaking.

The effect of environmentél conditions on phytotoxicity emphasized the
variable effect of oil particularly with respect to water conditions. Thus
although using leaf discs, phytotoxicity was relatively low, whole plants
treated with tﬁe 0il and left in the greenhouse showed very heavy damage.

It was clear, Llherefore, that in its crude state, the fraction could not be
used commercially and it would involve a very lengthy screening programmeto
separate phytotoxic from fungitoxic compounds even if this were possible.

The complexieity of the fraction as shown by mass sbectroscopy indicated the

size of the problem.
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EXPERIMENTAL SECTIONTL

FIELD EXPERIMENTS ON THE USE OF OILS AGAINST VINE DOWNY MILDEW

INTRODUCTION

¥

Vine pilants in the field are in a ooﬁsiderably different environment
and may theféfore differ physiologically from leaf discs in the laboratory.
Thus, although BP85 does not have a consistently large effect on downy
mildew of vine on leaf discs, and disease development on leéf discs and whole
leaves does not obviously differ (Skellern, 1968), it was possible that olil
sprayed onto attached leaves particularly under fiéid conditions might have
a sufficiently different effectlfrom oil sprayed onleaf discs that it might
control the disease. Castellani and Matta (1962) reported that a light
mineral oil (Esso Process 95), when misted alone on grapes in the fiela at
a rate of 20 kg/ha, gave a 53.9% reduction in leaf area covered by the
disease. The oil did‘not improve ghe effectiveness of copper oxychloride or
zineb when compared with water as a carrier but when used alone at the above
rate, control was not significantly different fromythat ucing copper gxychloride
(50% Cu) at 0.625 kg/ha, zineb (78% a.i.) at 1.25 kg/ha, or 1% Bordeaux
mixture at 2.5 kg/ha. At the time of the first assessment (July), however,
disease iqcidenpe was very low but when subsequent observations were made in
September, more than 25% of the leaf area had been infected and the oil

based treatments were mugh more lightly infected than the water based treatments.

In view of this report, field experiments were carried out with gas oill,
BP85 and 150 neutral in the Gironde region of France during the summer of 1969.
A section of vinyard lying outside Saint Foie La Grande and close to the river

Dordogne, was made available by M.A. Morize

A plot experiment was used to test the effect of the oils on natural
infection and disease development of vine downy mildew. Studies were also

made on the effect of the oils on established lesions and on artifical

inoculations.
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RESULTS

A, FPlot Experiment

This was set up to allow for variations in natural infection, the
treatment of seiected leaves, though less time ccnsuming, being thought
to be inadequate, particularly if infection was low. The treatments were
gas ¢il, BP85 and 150 neutral applied at rates-of 10, 30 and 60 1/ha at
2wk intervals using the Minimicron. The same olls were alsc applied at
15 1/ha at 1 wk intervals, thus applying the same amount of oil in.2 wk
as the 30 1/ha/2 wk treatments, and testing the effect of application time.
The use of the Minimicron is illustrated in Plates 3a and Jb. 0il treatments
were compared with the conventional copper cxychloride (Fongipron) suspended
in water and applied .at the rate of 2501/ha (5kg/ha) using the mech;nical

knapsack sprayer (Technoma) illustrated in Plate 4,

;n initial applications the Minimicron was held just above knee height
ahd directed obliquely with an up and down motion while walking down the rows,
to ensure complete coverage cf the plants. It was found later that maximum
deposition on the undersurface of levels was prbducea_when tne Minimicron was
heléxilose as possible to the ground with the spray directed upwards into

the leaf canopy (Appendix Id).

The section of vinyard made available for the experiment consisted of
six rows each of between ninety six and ninety eight plants which were a
mixture of the cultivars.Merlot, Cabernet and Cote Rouge. Only the latter,
predominant cultivar was used in the experiment and marked to distinguish it
from the others. Due to the large number of treatments, the normal plot
arrangement of three rows with the central one used for eétimations, could
not be used. Each row was divided into eight sections or plcts giving a
total of foﬁrty eight, allowing sixteen treatments with three replicates per

treatment.
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Due to the uneven distribution of cv. Cote Rouge, the plots were of
unequal size but were designed so that each congsisted of at least six plants
of this cultivar, the Tour most central ones in cach plot being used for
disease assessment and there being al least two cther plants at either cond.
Thesc protected the test plants from spray from adjacent plots. Treatments,
including nine untreated control replicates, were randomized throughout the

plots.

Before the experimental area could be marked out ;nd treated, heavy
rainfall caused a severe éttack of downy mildew with between 40% and 60%
leaves infectlted as illustrated in Plate Ba. As the flowers were also badly
attacked the results of the treatments %ere assessed in terms of the number

of leaves remaining on the plants in mid-August as shown in Table 45.

Table 45 Average number of leaves remaining on plants in mid-Auvgust

after treatment with mineral oils

Treatment Average number

of leaves

0il Rate Wk between ‘ per plant
(1/ha) sprays
Gas oil 10 2 55
1t 1 50 1 67
1 1t 60 1 r‘78
BP85 10 " 69
1t 30 1" 78
1 60 t 85
150 Neutral 10 t 96

) 1" 30 ) 1 76
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Table 45 cont.

Treatment Average number

of leaves

0il Rate WK bestween per plant
(1/ha) sprays

Gas oil 15 1 65
B85 " " 80

150 Neutral . " 7
Copper 250 2 217
O%?hloride
Control 72

Discussion

Theré wag no significant difference between the c¢il trcatments and untreated
controls whereas there were betﬁeen two and three times as many leaves con the
copper oxychloride treated plants. By early September defceoliation was almost
complete as shown in Plate 5b. Thus the experiment showed clearly that

none of the oils were able to check the progress of the infecticn.

B. Effect of 0Oils on Lesions at '0il-Spot' Stage

The following experiments were carrled out using selecied leaves with

lesions at various stages of development.

Experiment 1

To determine more clearly whether the cils had any eradicant action on
the disease, established lesiéns at the 'oil-spot' Stage.before sporulation,
illustrated in Plate 6a,were sprayed and observed for sporulation shown in
Plate 6b. Leaves with at least three lesions were tagged and each of thrcee
lesions markeﬁ on each leaf with three small dots using a felt-tip pen. This

method of marking had been shown previcusly to have nco effect on lesion development
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PLATE 62

'"0il-spot ' stage of infection by vine downy mlildew

PLATE 6b

Sporulatior. on undersurface of leafl
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The oilsz used were normal gas oll containing about 21% (A + H) component,

éas oil with the (A + H) component removed, BPBS and 150 neutral and were
applied using the Micron ULVA. The leaves were held so that the light cloud
of oil droplets produced by the Micron ULVA drifted over the undersurface of
each leaf producing a barely visible deposit. Fifteen leaves were used for

cach treatment with fiftcen control leaves interspersed with each treatment.

Sporulation recorded as either 1 (= none or slight) or 2 (= moderate to

heavy) at 2 d and 4 4 after treatment is given in Table 46.

_Table 46  The effect of oils on sporulation of 'oil-spot' lesions

(no. of lesions/grade)

.Day 2 Day 4
Treatment Grade 1 Grade 2 Grade 1  Grade 2
Gas oil 5 45 o’ 45
Control 4 US| 0 k5
Gas'oil - (A+H) 3 4o _ 0 45
Control 4 43 0 45
BP85 6 39 0 45
Control 4 4y 0 45
150 Neutral 7 38 0 45
Contro% 3 42 0 45

None of the oils had any significant effect on sporulation at 2 d
and by 4 d all lesions were sporulating mocderately to heavily. Lesions

eventually turned brown as shown in Plate 7.
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Experiment 2

The above experiment was repeated excepl that gas oil withoul the
(A.+ H) component was excluded and a very heavy deposit of oil was allowed
to accumulalbe on the leaves: With gas oil this immediatcly produccd
small oll soaked patches irregularly scattered over .the leaf, Obaervations
of lesions at 4 d showed that as in previous experiment, all had sporulated

heavily.

Experiment 7

During periods of dry weather, oil-spot lesions did not sporulate
immediately. This allowed the olls to be sprayed onto ths lesions and to
be left for prolonged periods of time before testing for sporulation. Thus
the three oils, 150 neutral, BP85 and gas oil were applied lightly and left
for 2, 4, 6 and 8 d. t this time the leévés were enclosed in polythene bags

to induce sporulatlon.

After 2 4 all lesions had sporulated moderately to heavily. This
showed that even.when allowed to remain on leaves for sufficient time tc

penetrate the leaf, the olls did not prevent sperulation.

C. The Effect of Qils on Artificial Infections of Vine Downy Mildew

To test whether the olls acted as protectants, leaves were sprayed

and then artifically inoculated. The leaves used in the experiment were
situated on new shoots which had been kept in polythene bags for 1 wk to
prevent natural infection of the leaves and to induce sporulation of any
latent infecticns. Gas oil, BP85 and 150 Neutral were applied lightly as
before éxcept that only half leaves were sprayed. Sixteen vines of cv. Cote
Rouge were selected and divided into four sections. Four young leaves
were tagged on each plant and one plant in each section used for each éf

three oils with the fourth used as a control. When applying the oils, the

»
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test leaves in the immediate vicinily were enclosed in polythene bags to

prevent the oill spray from drifting cn to them.

Sporangial inoculum was obbained by enclosing leaves with non-sporulating
lesions in polythene bags and leaving.them overnight, leaves with sporulating
lesions being collected early the neXxt day. The sporangia were washed off

5

and the suspension diluted to a concentration of 5 x 10 sporangia/ml. The
yest leaves were then sprayed with the oils after which they were inoculated
with the sporangial.suspension using‘a 'Jet-Pak' sprayer. They were

enclosed in polythene bags and left for 24 h after which the bags were removed.
After a further 6 4 the leaves were enclosed in polythene bags again and left

.overnight. Sporulation was assegsed as the percentage leaf area infected

using a scale from O to 5 as shown below.

0 = no sporulation

1 = 1 - 10% leaf area sporulating

2 = 11 -5% " " | "

3 = 51-90% " " " o~
b = 91 -99¢ " " "

5 = 100% " " "

The grades were calibrated against percentage leaf area in the same way as
with the Horsfall-Barratt (1945) grading system. Average grades were oblained
in each plot for each oil treatment-control combination and converted to percentages

The results are given in Table 47.

Table 47 The effect of oils on the infection of vine leaves by

Plasmopora viticola

Treatment % Leaf area infected : % Control
Gag oil T4 ' 0
Control s

BP85 27{3 43,5

Control 62.7




Table 47 cont.

Treatment % Leaf area infected % Control
180 Neutral 62.0 0
Control 62.0

Discussion

In contrast to the 'oil-spot' lesion symptons shown in Plate 6a, the
fungus sporulated well over the whole surface of the contrel half leaves.
These symptoms were similar to those produced by‘infections later in the
seasbn. This suggests that the oll spot lesion is caused by isolated

infections due to the low inoculum early in the season.

Of the three oils tested, BP85 was the only one to produce a reduction
in sporulation, giving an average of 42 ,5% control. The effect was very
variable, repllcates ranging from 0% to c. 80% and was thus similar, fthough

to a much smaller degree to that produced by BP85 on leaf discs.

The degree of control is similar to that obtained Ey Castellani and
Matta (1962), this being a 53%.9% reduction in leaf area covered by the
diseaée over the whole plant. In the present expériment, control was
similar to that obtained on leaf discs (37.3%), although the variation from
0 to c. 80% suggests that the difference in effect of BP85 on leaves in tﬁe
field as compared with leaf discs in the laboratory might be sufficient to
increase the effectiveness of the oil against the disease. The variation
between replicates may have been tﬁe result of the variations 1n the effect
of 0il on whole leaves reported by Skellern (1968) and more specifically,
the effect of leaf age on disease contrcl found for the (A + H) component

of oil fraction 21 described in Sectilon I.



i
H
l\
[

t

SUMMARY AND CONCTL.USTIONS

BP85 caused a significant reduction in infection of vines by P.viticola
of 43.5%. Neither gas oil or 150 Neutrsl had any effect. However, BP85
did not prevent the sporulation of established lesions nor was it able to
check vinyard infection and prevent defgliation once the vines were
initially infected. The inability of gas oil to control the disease is
:likely to have been due to the high volatility of this oil (Appendix Ic).
The lack of effect with 150 Neutral was probébly due to the high viscosity
and/or distillation temperature of this oil, as a similar inverse

relationship between distillation temperature and disease control was found

with the (A + H) components of oil fractions (Section I).

Although.Castellaﬂnéand Matta (1962) reported that oil alone was asg
effective as copper oxychloride, the application rate of the latter used by
these workers of 0.625 Kg/ha was much lower than the normal rate of c. 5 Kg/h
(personal communication, British Petroleum Co.). In these circumstances
therefore, it is not surprising that given ihe ability of oil to cause a 53.9%
reduction in diéeas incidence and the reduced application rate for copper

oxychloride, there should be little difference between the latter and oil.

The variability of the control of the disease with BP85 and the loﬁ
average values obtained show that the oil could not be used alone to control
the disease. In contrast to Sigatoka leaf spot of bananas where oil is
an effective eradicant, with vine downy mildew the oil is of no use in this

respect.
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EXPERIMENTAL SECTIONIIL

THE USE OF OILS TO CONTROL CUCUMBER POWDERY MILDEW

INTRODUCTION .-

The ability of mineral olls,. in oil-water emulsions, to affect adversely

the development of powdery mildew diseases has been reported previously
Guba, 1928

(Barker and Lees, 1914 McWorter, 1927//Mart1n and Salmon 1931). Investigations
into the use of oil alone, however, were only commenced follow1ng the commercial
development of oils for use against Sigatoka leaf spot of hananas. Thus,
during field trials on the use of these oils as carriers for conventional -
fungicides against vine downy mildew, Castellani and Matta (1962) noticed that

-~

plants treated with oil formulation were almost completely free from powdery

mildew 1nfeotlon, suggesting that oil alone might be effective against

these diseases. Further experiments (Castellani and Matta, 1964) confirmed

this and showed that.powdery mildew diseases of>ououmber and wheat, as well

as vine, oould be effectlvely controlled with a light mineral oil (Esso Process 95)

at rates of between 10 and 20 mg/lOO om2, w1thout causing any obvious gsigns of
hytotoxioity Calponzos (1960) similarly showed that mineral oil alone

‘effectively controlled powdery.mildew on polnsettia plants. When applied as

a single spray eguivalent to 5Vgal/ao; to plants inoculated 3 4 earlier with

an Oidiumt specliles, no symptoms developed on sprayed leaf snrfaceSOf treated

plants until 17 d.after the spray applioation whereas the unsprayed plants

were heavily diseased on the fifth day.‘ Synthetic oils (polybutenes) have

also been shown (Fisher, 1959; Fisher et al., 1960) to oontrol powdery

mlildew on roses and cucumber when sprayed to run-off as 1% emulsions in water.

The resulting residues left after the water had evaporated were sufficient

to prevent new infections without causing phytotoxioity, and were also visually

CDinocaFQ
preferable to Karathane deposits.

Thus the use of mineral oils against powdery mildew diseases seemed

worthy of further investigation, particularly with regard to the physical and/or

13

chemical characteristics of oils associated with anti-mildew activity.
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RESULTS

A. 'The Use of Leaf Discs for Tests against Mildew

The use of leaf discs allowed all treatments to be replicated on each
leaf used, thus feducing experimental Qariation. They were also much more
convenient to spray and inoculaté than were whole plants, these being too lérge
to be conveniently used with the Potter-Tower. Tests were theref;re carried

out to determine how well they survived under different conditions.

1. The survival of leaf discs on water

lOmm.leaf discs &ege cut from both young expanding leaves and mature
leaves which had completed expanding and were floated, lower surface down,
on distilled water in Petri;dishes. The effect of three environments were
tested: - ' |
I An illuminated cabinet at l7OC
IT An illﬁminated cabinet conétrueted on the laboratory bench

with temperatures varying Between c. EOOC and ¢. 3500
IIT A greenhouse with supplementary lighting and temperﬁtures

varying between c. 1500 and ¢. 3500

6 da after cutting the discs, those in environment I cut from young leaves
were still green aﬁd healthy whereas those cut from—mature leaves were noticeably
yellow. -In environment II é&en ghe discs cut from young discs were slightly
‘yellow whilst those cut from maturé leaves were completeiy yeliéw. Discs

maintained in environment III showed little change.

At. 8 4 only those discs cut from young leaves and maintained in

environment I and III were still>green without any signs of yellowing.

Discussion

It was clear from these observations that leaf discs would survive for up

to 8 d, which was the normal time required for mildew development from




- 129 -
inoculation to sporulation, only When cut from young expanding leaves and
maintained either in the relatively cool conditlons of a 1700 illuminated

cabinet, or under condltions of high light as in a greenhouse.

2. The effect of growth stimulants on leaf disc survival and mildew development

Kinetin and benzimidazole, both of which have been shown to delay the
senesoenéé of detached leaf pieces (Personygg_giL, 1957; Richmond and Lang, 1957),
were made up in distilled water aﬁd compared at 1, 10, 100%500 parta/106 with
tapwater aﬁd distilied watef for their effeé£ on the survival of leaf discs.

As Kinetin has also been shown‘by Dekker (1963) to cﬁeck completely the
development of cucumber powder& mildew when iﬁoculated leaf discs wéfe fioated
on solutions of 10 to 20 parts/106 the effects of the above treatments were
also tested on the disease,. For each-treatment five inoculated discs and
five controlrdiscs were floated on 15 ml of each liguid in Petri-dishes. The

state of the discs were observed at 13 d and 18 d.

At 13 d; infected discs on distilled water were completely decoloured
under complete coverings of sporulaflng mycellum whereas infected discs on tap—
water were notlcedbly green under the mycelluﬁ, 1ndlcat1ng that tap-water
provided some form of nutrlént”and delayed senescence. | This was confirmed on
uninfécted diges which wereuhoticeably greener %hanrthose onrdistilled water.
Infected diécs on 1 part/106 Kinetiﬁ sﬁpported heavy spofulation and were.still
noticeably green, asg With tap-water, but were disease free ét the.extreme edgés
of the disqs. Discs on 1 part/lO6 benzimidazole, although supporting good
sporuiétion were completely senescent (whi%e) beneath the mycelium. On Kinetin
at 10 parts/lo6 sporulation was noticéablyrreduced whereas benzimidazole at
10 parts/lo6 had no noticeable effect on the disease. The discs Were greener

than at 1 part/106 but less so than Kinetin at 1 part/106 Control discs on

benzimidazole at 10 parts/lO6 were the same as those on distilled water but not
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as green as those on tap-water. At 100 parts/1l0, Kinetin completely

prevented infection with the discs yellow or colourless. Benzimidazole, also

at 100 parts/106 markedly reduced infection allowing very little sporulation

though the discs themselves were much greener than those on Kinetin at the

same concentration.

At 18 4, of the control -discs, those on.tap-water were still the greenest
with very little difference between distilled water and Kinetin.or benzimidazole
6 . ' ' . )
at 1 part/10°. Of the infected discs, only those on 1 part/io6 Kinetin showed

any green.
Discussion

Although Kinetin at 1 part/lo6 delayed the senescence of infected discs
rather longer than tap-water, the difference was so little with the Kinetin
evan at this concentration affecting the disease at the edges of the discs,

that tap-water was used in all further experiments.

3. The maintainance of leaf discs on water-agar

Discs fleoating on water were inconvenient to handle particularly when
transfering them from léboratory to greenhouse for inoculation.  Water-agar was
thoughtulikely to providg much more stable conditlions enabling rapid handling
of the platés. To determine the concentrati@n most suitable, OXéid.NO.l ionﬁagar
was made up with distilled water and compared at 0.25, 0.5, 1.0 and>é.0% in
Petri-dishes. Four leaf discs were pldced in each plate and the exXperiment

carried out on the laboratory bench at room temperature.

After 24 h the agar at all concentrations had dried slightly below its

original level. On the 2% agar two discs were slightly shrivelled with the

others turgid but dry at their edges. On the 1% agar all discs were turgid
though again slightly dried at their edges whereas on both 0.5 and 0.25% agar,

all discs were completely turgid and remained so for up to 8 d provided the )
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dishes were kept closed.
Discussion

Dilute water-agar at O 25% was thus suitably stable to enable easy

handling and sufficiently moist to prevent discs {from drying.

B. The Effect of BP85 on Mildew using Leaf Discs

Leaf discs were used for the majoriﬁy of experiments, with whole plants

used as a final test of the oil againét the disease.

1. A comparison of'BP85 0il components and the development of a

technigue to reduce conicial deposit variation

In preliminary tests it was shown that BP85 reduced the infection of leaf

-

discs by cucumber powdery mildew when sprayed immediately before inoculation

at rates of between 0. 4 ml and 1.2 ml, using the side-arm technique with the
Potter Tower as described prev1ously. As a prellminary test of the eifect of - .
different oil types, the same oll was compared with and without i1ts unsaturated
hydrocarbon component (BPB5 whole oil = W.0 andABP85 (N+P) respectively) and
also with a 50% cut of BP85 into high and low boiling point components |
("residue" and "overheads" respectively) Each oil was sprayed at the 0.4, 0.8
and 1.2 ml levels and each treatment consisting of ten replicate discs
maintained on water-agar was contalned in separate Petri-dishes. For
inoculation purposes phevdishes were arranged in a circular setltling tower with
five control dishes of ten discs each—arranged equidistantly among the rreatments.
The discs were inoculated and dlsease assessment carried out at 8 d as described

previously, Results are shown in Table 47.



Eﬁ?lfmﬂz. The effect of BP8S oil components on cucumber pordery
mildew -~ first arrvangement
Treatmert 0il level % Disease %
(ml) Cover Control
Control | _ 100 —
1 '
5 — 100 —
" e 100 —
3
t
M e 100 —
" e 100 —
5
BP85 - 0.4 88.0 12.0
(W.0) 0.3 18.0 82.0_
1.2 1.9 98.1
W
BPS5 0.4 91.6 8.&
0.8 5.0 25.0
(N + P)
1.2 26.0 . 4.0
0.4 91.6 9.0
BP85
"Overheads" 0.8 65.0 35.0
(0) ' _
1.2 4.7 95.3
)
BR85S 0.4 9%.6 | 6.4
"presidue” 0.8 9.0 9l1.0
(R) o
1.2 1.5 98.5

The variaticn in the density of conidia déposited in the tower in ﬁhis

experiment was quite high as determined by visuval assessment of microscope slides

o
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placed at various positions among the treatments. As this mighl not hove
been accounted for by the five control dishes and thus give risec to spuricus
results due to an effect of inoculum level, the experiment was repeated with
controls arranged és Tollows. Instead of maintaining the controls in separatle
dishes, each treatment dish containing ten unsprayed control discs as well as

the ten treated discs.

Discs were cut and the ten treatment discs arranged over half the area
of water-agar in each Petri-dish whilst the ten control disecs for each
treatment were kebt separate. After spraying, the controi dishes were replaced
in the treatment dishes on the other half of the agar in each dish. The
discs were then inoculated and disease assessed as beflore. Results are given

in Table 48.

Table 48 The effect of BP85 oil components on cucumber powdery mildew

- gsecond arrangement

Treatment 0il level % Disease %
(ml) cover Control
0.4 ’ 83.0 17.0
Control 100 —
BPES 0.8 7.6 g2.4
(W.0.) Control 100 —
1.2 3.1 96.9
Control 100 —
0.4 79.5 20.5
Control 100 —
BP85 0.8 26.0 4.0

(N + D) Control 100 —




Table 48 cont.

Treatment 01l level % Disease %
(ml1) cover Control
BPr85 1.2 8.2 91.8
(N + P) Control 100 —_
0.4 83.0 17.0
Control 100 —
BP85 0.8 35.0 65.0
"overheads" Control 100 —
(0) 1.2 6.6 - 93.6
Control 100 —_
0.4 55.0 41.0
Control 100 ' —
BP85 0.8 16.0 84.0
"yresidue" Control 100 —_
(R) 1.2 2.8 - 97.2
Control 100 —

On comparing the results obtained with the four oils it can be seen that
there are discrepancies in the values for disease control both between the
different oil levels and between the two experimental arrangements, The

relative abilities of the oils to control the disease in both experiments are



compared in Table 49.

Table 49 The relative abilities of the oils to control cucumber

powdery mildew in the first two experimental arranggments

0il Experimental design

level Controls in Controls in
(m1) separate dishes all dishes
0.4 W.0.» N+ P; O>R R> N+ P> 0; W.0.
0.8 RYW.0.>20”N+P W.0.>R”YN+P O

1.2 R; W.O.» O>» N+ P R; W.0. > 0 7N+ P

The validity of the second arrangement depended on the assumption that
variations in the density of conidia would be reflected in the values given
for the disease on control discs. As d}sease assessments were only based
on the percentage leaf disc area qovered with mycelium, any effects of
increased inoculum deposit on sporulation afﬁer complete coverage had been
reached would not be detected. Thus it.was possibletthat although all
control discs might show almost identical coverage, the actual deposit rates
in each case might vary'CODSiderably. To test whether this was significant,
the experiment was repeated with the discs arranged so that all treatment
replicates feceived,the same variation in conidial deposit. This was
accomplished by arranging the discs after treatment into ten replicate units
each composed of one disc from each of the treatments used in the experiment
and one from the control. Thus all the treatments and control replicates were
scattered uniformly over the inoculation area rather than being confined to
restricted afeas and the inoculation proceedure was thus equivalenﬂ to the
hypothetical inoculation of each disc with the same density of conldia.
Further details of the proceedure are given in Materials and Methods part B.3 a)’

11) and the results of the experiment in Table 50 with the relative abilities
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of the oils to control the disease in Table 5H1.

Table 50 The effect of BP8Y oil components on cucumber powdery mildew

- third arrangement

Treatment 0il level % Disease %
(ml) cover Control
Control — 100 —
0.4 94.8 5.2 4
Br85 0.8 89.8 10.2
(W.0.) J1.2 85.6 144
“0.4 94.8 5.2
BPES 0.8 90.4 9.6
(N + P) 1.2 86.4 13.6
0.4 89.0 _ 11.0
BP85 0.8 86.4 1%.6
"overheads" 1.2 83.0 17.0
(0)
0.4 96.1 3.0
BP85 0.8 94.8 - 5.2
"residue" 1.2 91.0 9.0
(R)
Table 51 The relative abilities of BP85 o0il components to control

cucumber powdery mildew in the third srrangement

011 level Relative abllities of
(m1) oils to control disease
0.4 09 N+ P; W.O.% R

0.8 'o ? N+ P; W.O. PR



The final arrangement Tor inoculation again gave different rcesults for
the relative abilities of the four oils to control the disease from those
obtained with the first two arrangements although results were conslstent
at the three oll levels. Assuming this last method to have completely overcome
the effectg of varlation in the density of conidia, the second arrangement
inveolving controls in the same dishes as the treatments was clearly not sufficient
to account for this variation. The final method, although being tedious, was

therefore used in all further experiments.

The difference between the degree of control obtained in the first two
ana the last experiment was conslderable. Whereas the control obtained with
normal BP85 at the 1.2 ml level in the first two experiments was 98.1% and
96.9%, the same treatment in the last experiment gave only 14.4% control.
Assuming this to be the result of a variation 1n the density of conidia used,
the control obtained by both Calponzos (i960) and Castellani and Matta (1964)
could have been due to the use of very low inoculum levels. The latter
workers obtained a reduction in mildew "spots“'on cucumber leaves of 95.4% with
an oil level of 8 mg/100 cm2 whereas in the first two experiments described
above, equivalent control was only obtained with an oil level of 63 mg/100 cmg.
The effect of inoculum level on the control of cucumber powdery mildew with

01l was therefore lnvestigated iIn a later experiment.

Althéugh control was poor and differences between treatments small in the
third experiment, a pattefn in the effect of o0il type was evident. Thus the
"residue" component which had the highest boiling point and viscosity was
the least effective oll whereas the ."overheads" component with the lowest
boiling point and viscosity was the most effective oil.  Normal BP85 (whole oii)
and BPS5 (N + P) with boiling points and viscosities between the "residue"

and "overheads" components were also intermediary in their effect on the disease.
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There was no significant difference belween BP8H (whole oil) and BP85 { N + P)
indicating that the small amount of unsaturated hydrocarbons in the normal BPES

(4 - 6%) did not account for the degree of control obtained.

2. A comparison of BP8% with other wide distillation range oils

The last experiment suggested that cils of low bolling point and viscosity
would be more effective in controlling the disease than those of high bolling
point and high viscosity. BP85 was therefore compared with two oils of widely
differing specifications. The 50% distillation temperatures or boiling points

o
of the oils viz.gas oil, BP85 and 150 neutral as given in Table 3, were 265 C,

%02°C and 428°C respectively with viscositles of 2.86, 16.1% and 32.22 centistokes

at 57.800. These were sprayed at the 0.4, 0.8 and 1.2 ml levels and discs
inoculated and disease assessed as before. Results are given in Table 52 and
Fig.11.

Table 52 A comparison of BPB5 with gas oil and 150 neutral for control

of cucumber powdery mildew

Treatment 0il level % Disease . %
(ml) cover Control
Controel — 100 —_
0.4 88.0 12.0
Gas
0.8 59.0 4i.0
oil -
1.2 1.5 98.5
0.4 94.8 5.2
BP85 0.8 ' 89.8 10.2
- 1.2 ’ 85.6: 1h.0L
| 0.4 97.3 2.7
180
0.8 04.8 5.2
neutral

1.2 ol 4 5.6




Gas oll was markedly superior to BPE5 and 150 neutral, particularly
at the higher levels of 0.8 and 1.2 wl. As gas oll was shown to be nighly
volatile (Appendix Ic) the relatively pcor control at the lower levels may
have been due Lo the lack of persistence of the oil, sufficient still remaining

at the high levels to give good control.

The inverse relationship between disease control and viscosity as
determined at 37.800 is shown in Fig.1ll. At the 1,2 ml level the relationship
is linear within the viscosity range encompassed by the three oils though too
much emphasis should not be placed on this conclusion due to the lack of points
between BP85 and gas oil. The errcr of points on the 1.2 ml line was, however,
small since they all‘oceurred at the more accurate extremes of the disease scale.
The curvilinear relationship at the 0.4 and 0.8 ml levels may have been due to
thé high volatility of gas éil as suggested above. Thus at the 1.2 ml level
- volatilization wouid cause a smaller percentage reduction in leaf area protected
than at the 0.8 and 0.4 ml levels due to the higher ratio of oil deposit volume

to leafl area covered at the high level.

The linearity of the inverse relationship between disease control and
viscosity depends on the temperature at which the latter is determined.
This is clearly illustrated by a comparison of the ratios of the Inverse viscosity
© changes between 150 neutral and BPSS and between BP85 and gas oil: From
viscosity values determined at _21.100, 37.800 and lOOOC, these are PeSpectiQely
1 to 12.3, 1 to 9.3 and 1 to 5.9, the ratio for disease control being 1 to 9.
That disease control was slightly more closely related to visdosity measurements
at 37.800 rather fhan 21.100, even though this latter temperature is presumably
very close to the normal experimental working temperature of the oils in the
above experiment, suggests that viscosity is not a complete mea;ure of the toxicity

of 0il to the disease.

The relationship between distillation range as represented by the:50% boiling
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Fig. 11 The relationship between the inverse of viscosity and disease control
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point of each oil and disease control is even move curvilinear than Tor inverse
. . o, e X . - = . ; .

viscosity at 100°C. The ratioc in this case is L to %.5 caused by the

inereasingly curvilinear relationship batween viscosity and 50% boiling point

(Appendix Ib).

3. The effect of BP85 on disease coverage and chlorophyll content of

leaf discs infected with cucumber powdery mildew

As. earlier experiments had shown that leaf discs survived only Just long
énough to complete an infection cycle, it was thought that this would make

2
senesencgfas measured by the chlorophyll content of leaf discs, a particularly

sensitive test of oil phytotoxicity.

!

Experiment I

Discs were cut, sprayed with BP85 at levels of from 0.2 ml to 1.2 ml as

before, Bach treatment consisted of twenty replicate discs which were

inoculated as usual. Discs were assessed for mildew at 8 d and the chlorcphyll

content of each disc measured using the chlorophyll assay method described
previously. Controls consisted of both healthy untreated and unsprayed
infected discs. Resulté are given in Table 5% and Fig. 12

Table 53 Disease coverage and chlorophyll content of leaf discs sprayed

with BP85 and inoculated with S. fuliginea

Treatment 011 level % Disease Chlcrophyll

(ml) cover ~ (D. at 665mp)

‘Healthy

Control —_ . — ' 0.114

Unsprayed

Control — ’ 99 0.067
02 96.2 0.067
0.4 86.3 0.073

BP85 0.6 62 0 0.078

0.8 40.6 0.082
1.0 ' 26.4 0.097
1.2 : 12.2 0.122



Fig. 12 The effect of BP8S on the chlorophyll content and disease coverage
: .

of leaf discs infected with cucumber powdery mildew
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Discussion

As can be seen by the value for disease coverage on the unsprayed controls,

inoculum level in this experiment was low giving reclatively good control at

the 1;2 ml level. The disease itself caused a significant reduction in the
chloroph§11 content of unsprayed discs of about 40%. The o1l treatments
reduced fhis until at 1.2 ml the chiorophyll content of sprayedldiscs was
greater than that of the healthy untreated contrel. Fig. 12 shows the

effect of the oil in terms of the percentage disease control and the chlorcphyll
content of discs expressed as a percentage of the healthy control. The

effect of oil on the chilorophyll content increased very rapidly at the higher
cil levels suggesting that the oil was delaying the senescence of the-discs,
this beiﬁg clearly shown at the 1.2 ml level. A similar effect was noticed

by Saunders and Lonnecker (1967) when studying the physiological aspects of
~using non-phytotoxic oils with herbicides. Corn and Colorado grass were
sprayed with oil and together with unsprayed samples were stored in air-tight
chambers for 7 .4. After this time the oll treated leaves were still green
with no outward sign of decompositilon whereas the untreated ones had turned
brown and decomposition started. No explanation was offered as‘to the

mechanism of action of this effect.

Experiment II

To check the effect of 0ll on disease and senescence noted above, the
'eXperiment was repeated. It was carried out in the college greenhouse and
due b the very high temperatures of c. 10°C to MBOC, reached during the
experiment, disease development was retarded to such an extent that it could
not be clearly measured even after 14 4. Results were thus only obtained for

chlorophyll content as given in Table 5.
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Table 54 The chlorophyll content of leaf discs sprayed with BPE5,

inoculated with S, fuliginea and exposed to high temperatures

;Treatment 0il ievel Chlorophyll
/ (ml) fﬁ‘g. at 665 mp)
Healthy R
Control — T 0.148
Unsprayed
Control — 0.104
0.2 0.126
. 0.4 0.13%9
BP85 0.6 0.134
0.8 0.133%
1.0 0.116
1.2 0.113

Discussion

The chlorophyll content of discs was significantly lower than the
healthy control at all levels except 0.4 ml and in contrast to the previous
experiment, decreased with increasing oll level Indicating that the oil was
phytotoxic wunder the conditions of the experiment. When.expressed as a
percentage of the healthy unsprayed control as shown in Fig.1l2, chlorophyll

increased up to the 0.4 ml level and then fell off gradually. Although no

BRI

B

values were obtalned for disease 1it.would seém likely that the initial increase
was dre to the almost complete inhibition of the fungus at the low oil levels
whilst at higher levels the oil became phytotoxic. The ma jor difference

between the two experiments was temperature and it is suggested therefore that
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high temperature was responsible for the phytotoxicity of thé oll. Some
support for this suggestion is given by the work of Havis (19505 who found
that although members of the family Umbelliferae appeared relatively Jlmmune
to hydrocarbons, high concentrations of aromatics and paraffins at high
temperatures (3800} would kill the plants. Dallyn and Sweet (1951), however,
asserted that there is no dependence of oll toxicity on temperature among

the Umbelliferae,

4, The effect of BFE5 exposed to sunlight on cucumber powdery mildew

Brun (19€®) suggested that oll sprayed onto banana leaves for the control
of Sigatoka leaf spot was gradually oxidized by ultra-violet radiation and

became toxic to ascospores of Mycosphaerella musicola. That sunlight renders

01l fungitoxic was first shown by Skellern (1968) who exposed BPS5 in a clear
glass bottle to sunlight for a few weeks. The oil was then tested on glass

slides against thc germination of Plasmopara viticola which was redudéd by

22.2 and 37.5 % at deposit rates of 11.2 and 56.1 mg/100 cmg. As glass
‘reduces the amount of ultra»violeﬁ light passing through'it, the inhibition
would presumably have been greater 1f the oil had been exposed directly to the
light.

To teslt whether light treated.BP85 was effective against cucurber
powdery mildew, a sample of BP85 was left in a clear glass bottle and exposed
to sunlight for a few months, This sample was then tested along with the
same oil that had been kept in the dark. Discs were sprayed at the 0.4, 0.8
and 1.2 ml ail levek, lnoculated and disease assessed at 8 d as usual, Results

are shown in Table 55 and Fig. 13.

Table 55 The effect of sunlight on the fuéhtoxicity of BP85 towards

cducumber powdery mildew

Treatment 0il i=vel % Disease %
(ml) cover Control.

Control - 100 -




Fig. 15.
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The effect of sunlight on the toxicity of BPES towards cucumber
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Table BS cont,

Treatment 0il level % Disease %
(ml) cover Control
0.4 9.8 5.2
BP85 0.8 80.8 10.2
| (DARK) 1.2 85.6 144
0.4 89.8 10.2
BP85 0.8 75.0 27.0
(LIGHT) 1.2 46.0 ‘54.0

Discussion

There was a highly significant difference between light and dark
treated olls, the light treated oll being more active particularly at the
higher oll levels as further shown in IMig.l3. This suggests that the light
treated oil might have been more active against the mycelium than the dark
treated oll, the effect being more noticeable at higher oil levels. Thus,
at lower oil levels any inhibitory action on the mycelium would not be very
noticeable as the oil did got cover a very large area whereas at the higher
levels the leaf area covered would be much greater and therefore the

inhibition of mycelial growth more noticeable.

Although the degree of control at the very high deposit rate of 63 mg oil/
2
100 em was only 54%, it is possible that the effect on the disease was
produced by a component which was, however, very diluted but which might be

extractable and useable as a fungicide on its own.

5. The density of conidial inoculum

Results obtained during the development of theiinoculation technique

suggested that variations in the degree of control obtained in different
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experiments were due to variations In the density of the conidial inoculum.
A'preliminary experiment>was carried cut to test this in which the inoculum
was varied by using multiples of a standard inoculum source, this belng a
17 mm diameter disc cut from a heavily sporulating leaf. Three inoculum
levels were used produced by one, two and three discs, the conidia

being blown off using a Pasteur pipetie and allowed to settle onto leaf
discs sprayed at oil levels of 0.4, 0.8 and 1.2 ml as before. Digease
;overage was assessed as usual the results being given in Table 56.

Table 56 The eflfect of variations in inoculum level on disease

control - first experiment

Inoculum level 0il level % Disease %
(No. of discs) (ml) Cover Control
0(Control) 98.8 —_
0.4 . 4.7 95.2
1 0.8 4.5 95.4
1.2 1.9 98.1
0(Control) 100 _
0.4 21.2 78.8
2 0.8 12.4 87.6
1.2 8.8 91.2
O(Control) - 100
0.4 64.0 36.0
, > 0.8 24 .6 , 5.4

1.2 16.2 83.8
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Discussion of preliminary experinent

Inoculum level had a considerable effect on disease control. At the
lowest level there was very little difference between the three oll levels
whilst at highér inoculum levels the lower oil levels were less effeciive,

AL the lowest inoculum level a reduction in disease coverage of 95.2% was
produced by an oil level of 0.4 ml or 21.3% mg/100 omg. Qastellani and Matta
(1964), however, found almost the same degree of control i.e. 95.4%(with

the much lower oil level of 8 mg/100 cmg. This discrepancy between the two
sets of results may be explained on the basis of two possible differences
between the experiments. First, the oil used by Castellani and Matta may
have been inherently more toxic to the fungus than BP85 either by being of

a lower boiling point and viscosity as was, for example, gas oil in a
previous experiment, or by having detefiorated by exposure to sunlight as previousl
shown for BP85. Secondly, the inoculum used by these workers may have been
lower than that uzed in the above experiment and it is significant that the
conidia we;e applied as an agueous suspension, water having been shown to be
toxic to the conidia of a number of powdery mildew fungi when they were
submerged in it for a prolonged period of time (Zaracovitis, 1964).  The
inoculation technigue of Castellani and Matta may thus have reduced t@e
inoculum concentration of the suspension by reducing the viability of the
cbnidia. The fact that these workers were able to assess the disease in terms
of mildew spots, which were therefore presumably isolated, also suggests that
the effective inocculum level was very low. In this respect it was found in
the present work that with the higher inoculum levels the disease cover could
not be assessed in this way, conidia being so close to each other that their
branching hyphae became so intermeshed that separate colonies were at‘no time

distinguishable.

To determine the precise relationship between conidlal inoculum density
and disease control the experiment was repeated using a wider range of inoculum

. . s 2 .
levels measured in terms of the number of conldla/cm using coverslips placed

among the leaf discs. The two lowest levels of 96 and 207 conidia/cm2
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were barely visible to the naked eye and produced using the spore release
apparatus described previcusly. Higher levels were produced using whole
plants as sources of inocculum and Inoculating the discs in a settling tower

as described before. The results are given in Table 57 and Fig.14.

Table 57 The effect of the density of conidial inocculum on disease

control - second experiment (% leaf cover)

Incculum 01l Level (m1)
(Conidia/cmg) 0 0.2 0.4 0.8 1.2
96 88.2 50.0 19.0 8.8 4.1
207 99.0 92.6 69.0 3%5.0 11.6
o9 100 96.9 91.0 78.0 56.0
1,086 100 _— 92.0 86.4 78.0
3,228 100 —_ 94.0 89.6 83.0
7,839 100 — 95.5 92.6 85.6

Discussion on the effect of conidial inoculum density

Disease control fell off wlth increasing inoculum level suggesting that
the major effect of oll was on germination with mycelial growth belng much
less sensltive to the oil. This is supported by Castellani and Matta (1964)
who studied the effect of o0il on the germination of conidia on cotyledons
by taking epidermél strips at intervals up to 3 d. They found that oil

prevented conidia from swelling and germinating and that this also applied to

-

germination on water agar. From the results of further experiments they
concluded that germination of both gqulescent and swelling conidia was inhibited
by oll but that after the production of a germ tube they were slightly less

sensltlve to the oll, the more so after continued growth of the germ tube and
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finally that the mycelium wds considerably less sensitive again. Hoviever,
no direct evidence was given for the last three conclusionsaor was
any work carried out to determire the relative sensitivity of the conidia

in their various stages of germination.

Fig. 14 shows a very rapid fall off in control at the 0.2 ml and

0.4 ml o0il levels, this rate decreasing with increasing oll level. The
c greatest fali off for all oll levels occurred at the low end of the

inoculum range suggesting a low threshold range for the effect of decreasing
inoculum level on germination and disease cgntrol. Thus, although the effect
of oll on percentage germination would be the same at all inoculum levels,

at low levels the actual number of conidia unaffected by the oil woulé

be so small that they would be only capable of colonizing a'small area

of the disc and thus disease control would be greater than the theoretical
arca protected by thevoil. At higher incculum levels this numper would

be correspondingly larger so that the effect of oil on germination would

be less significant in that unaffected conidia would be capable of colonizing.
the whole area of the disc if it were not for the presence of the oil.

As the oil would not have a large effect on mycelial growth, disease control
would be less than the theoretical area protected by the oil. In the
present experiment the threshold range for inoculum level is around 500
conidia/cme. Below this range, further decreases have a very large effect
on disease control whereas above it, much less so. The width of the
threshold rénge varies for each oil level as can be seen in Fig.l4, it

being more pronounced and narrow at the lowest oil level, becoming

broader as oil level increases. The evidence suggests that tﬁe ma jor effect‘
of o0il is on gefmination and thus for any treatment the threshold inoculum
level range 1s defined as the rangé in which the inﬁibitory effect of oil

on germination becomes significant in determining disease control.
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6. A comparison of methods of oil application

In the laboraltory olls were normally sprayed using the Potter towef
whereas in the field the épinning disc atomizer was used as described
previously. The two melhods of atomization were therefore compared directly
in the laboratory to determine whether there was any difference between the
tﬁo,in the distribution of oil deposited at the same‘levels on the control

of the disease.

The Mieron ULVA was set up In the laboratory as described previously
using the litre'containeP as a reservolr for the oil. For spraying, twenty
discs were arranged In four Petri-dishes as close as possible to the four
sides of a piece of aluminium foil (g,lOO cmg). Four spray times were
used viz. 5, 10, 15 and 30 s giving oil deposits of 5.1, 14.1, 20.3% and

46.1 mg/100 omz.
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The pipette method was used with the Potter tower at levels of from 0.1 ml
to 0.9 ml giving deposits as shown iu Table 58. Discs were inoculated
and disease cover assessed as usual.

Table 53 A comparison of the Potter tower and spinning disc method

of oil atomization for mildew control

Spinning disc spray rate 5s 10s 15s 30s
0il deposit (mg/100 cm2) 5.1 4.1 20.3% 46,1
% Disease cover 95.5 86.4 77.0 56.4
Potter tower spray rate 0. Iml 0.3ml 0.6ml 0.9ml
0il deposit (mg/100 cm2) 5.5 16.0 317 47.5
% Disease cover 96.7 8%.0 69.0 59.0
% Disease cover for control = 100
Discussion

As can be seen from Fig.l1l5 there was no significant difference in
disease control using the two methods of o0il atomization suggesting either that
there was no difference in droplet size and/Qr 0il distribution between the
two methods or that any difference produced had no measurable effect on disease

control.

7. The effect of surface characteristic on oll deposit and disease control

In contrast to the cbtyledoné, the leaves of cucumber plants are extremely
hairy and it was therefore thought likely that the pattern of oll distribution

on the two surfaces might be different, so causing a difference in disease control
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Thus one would expect that a greater amount of oil would be retained on
a rough hairy leaf surface than on a smooth, non-hairy sﬁrface of the same
total area due to the greater friction between the oil-alr flow and the rough
leaf surface than the smooth cotyledon surfaces. As oll deposits were
determined by measuring the deposit produced by the spray on aluminium foil,
one would expeect the deposit on cotyledons to be closer to this value than
that op leaves. The difference between the two might therefore be sufficient
to cause a difference in disease control. To test this, disecs were cut from
both leaves and cotyledons, sprgyed at levels of Q.#, 0.8 and 1.2 ml and
inoculated as before. The oil\deposits on the two surfaces were determined
as described previously, and compared with the deposit on aluminium foil.
Disease cover was assessed as usual, thé results being given in Table 59.

Table 59 0il ceposit and disease control on different surfaces

0il 0il deposit (mg/100 cmg) % Disease control
level Aluminium Teaf Cotyledon Leaf Cotyledon
(ml) foil surface surface surface surface
0.4 135.5 21.7 17.3 4.5 4.2
0.8 31.0 43,5 34.8 11.0 8.4
1.2 47.7 64.6 51.7 17.0 9.0
Discussion

Disease control on the leaf surface was only significantly greater than
on cotyledons at the 1.2 ml level. The difference in oil deposit between
leaf and cotyledons at this level was significant at the 1% level whereas
at the 0.8 ml level it was only significant at the 5% level. Thus although
the percentage increase in oil deposit on leaf surfaces as compared with
cotyledon surfaces was the same at all levels(i.e. c. 25%), the actu@l increasé

2
of 12.9 mg/100 cm at the 1.2 ml level was sufficiently large to cause a
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o . . . . 2
significant increase in disease control whercas the incrcase of 8.7 mg/100 cm

at the 0.8 ml level was not.

The o0il deposit on the leaf was significantly greater than on aluminium
foil at all oil levels whereas there was no significant difference between

the depcsit on foil and cotyledons.

8. The persistence of BP85

Whilst previous experiments had shown that disease control with BPG5 was
poor except at low inoculum levels, it was thought possible that this might
be improved by allowing the oil to remain on the plant for prolonged periods
of time before inoculation. This might be brqught about by either an indirect
action via the host as suggested for its effect on vine downy mildew in Section I
or by its spread over a large area of leaf surface than initially covered by
tﬁe spray.

Discs were cut and sprayed af 8, 6, 4 and 1 d before and immediatély
after inoculation. Disease cover was estimated as before. Results are shown
in Table 60.

Table .60 The effect of pre-inoculation sprays of BP85 on percentage

disease control

0il level Pre-treatment time (d)

(m1) 8 6 4 1 0

0.4 5.6 6.0 6.0 4,0 1

0.8 19.2° 19.2 144 11.8 7.4

1.2 31.0 ' 25.2 20.8  20.8
Discussion

The effect of pre-inoculation spraying was only significant at the
lower oil levels though in these cases, control was only slightly improved.

At the 1.2 ml oil level control increased by 10% but this was not sufficiently
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large to be signiticant due to the width of the grades used to measure lhe
disease 1in this case. At the lower oil{levels, disease cover was greater
and therefore amongst the narrow grades at the'end,of the HorsfallnBarratt

scale so that smailer differences were significant.

9. The eradicant action of BP85

Previous experiments suggested that the major effect of BP85 on the
fungus was the inhibition of germination. Thus one would ekpect its activity
to fall off very rapidly when sprayed after inoculation. To test this,
discs were inoculated and either sprayed lmmedlately or at day intervals up
to 7 d after inoculation. Disease cover was assessed as before and sporulation
“on the 0.4 ml treated discs estimated in terms of the number of oonidia/cm2
released from the discs using the spore releasgse apparatus and method described
previously. Results are shown in Tables 61 and 62.

Table 61 The effect of post-inoculation sprays of BPB5 on percentage

disease control

0il level Post-inoculation spray time (d)
(m1) 7 6 5 4 3 2 1 o0 /
0.4 0 0 1 1 2.4 4.5 4.0 3.1
0.8 0 0] 1 1.0 3.1 4.0 6.8 6.4

1.2 0 0 1.9 4.2 4.0 9.0 9.0 1l.0
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Table 62 The effect of post-inoculation sprays of Brés (0.4 ml)

on sporulation (conidia released)

Days Control 7 6 5 4 > 2

“l- O
Corcligia/ 807 L 459 U6 165 5% 8 1 0 0
Qiscussion

As before, disease control was poor, falling off to zero on discs
treated 5 or 6 d after inoculation. The effect on sporulation, however,
was quite marked, the number of conidia produced on 0 and 1 d treated discs,b@:j
so small as to remain undetected using the spore release method. Even
when treated 7 d after inoculation, éporulation was s11ll reduced by about
457, Thus it would seem that whereas mycelial growth was not greally reduced
by oil, sporulation, at least on leaf discs, was strongly inhibited. This
aspect was not studied By Castellani and Matta (1964) who merely showed that
a delay in oil application after inoculation caused an increase in miidew

patches, as detected with a hand lens, on treated leaves.

10. The effect of oil on the release of conidia from sporulating leaf discs

Due to the inherent hydrophobic nature of both oil and mildew conidia it
was thought likely that oil sprayed onto sporulating cultures of mildew on
leaves would cause the conidia to adhere to each other and to the conidiéphores
thus preventing their release by air currents. This would be of particular |

importance as this is the normal method of dispersal of the fungus.

a) Development of the technique

The apparetus descriﬁed in Materials and Methods, part B, 3 b) was
designed to simulate the wind dispersal of conidia, standardizing as many
variables as possible. The repeatabiiity of the technique is illustrated
in Table 63 which shbws the deposits of conidia blown off with a Pasﬁeur

pipette from five sets of discs cut from the same sporulating leaf material,
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?Q@ifmgéx The repeatability of Lhe spore velease lechnique
. . s e
Replicate conidia/cem
ik 1,105
2 1,155
3 1,163%
‘ 4 1,081
5 1,064

As the m@jor varliable in the release of conidia from leaves would
be the strength of the wind, variocus strengths or speeds were simulated by
holding the pipette at varying distances from the lecaf discs. The éffect
of this is clearly shown by the two examples in Table 64.

Table 6 The effect of air speed (distence from pipette to discs) on

the release of conidia

Distance from Conidial releasc
. . . y e 2
pipetie to discs (conidia/cm )
1.0 em 2,005

2.0 cm 1,070

b)  The effect of o1l on conidial release

Sporulating discs were sprayed with BP85 at levels from 0.15 ml to 0.90 ml

using the pipette method with the Potier tower and giving the results shown in

Discussion

The 0il cauvsed a nighly significant reduvetion in the release of conidia,

the effect levelling off at around 65% at the 0.9 ml oil level,
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Fig. 16. The effect of BPES on the release of conida from sporulating

\
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¢)  The cffeet of varying alr speeds (distances Trom pipetic to dises)

onn the reduction in release of conidia

As wind speed varies greatly in the field it was thought posslibie that
this might @ffect the magnitude of the reduction in conidial release. Thus
at low wind speeds it might be expected that only those conidia unaffected by
oll would be releaged, whercas at high speeds both these, and also tinse
embedded in the oil, would be released so producing a smaller reduction in
conidial release than at the lower alr speed. To test this, three air speeds
were simulated using three distances between pipette and leaf discs. Discs

were sprayed at the 0.15 ml oll level, Results are shown in Table 65.

Table 65 The effcet of air speed on the reduction in conidial release

2
Air speed (distance Conidia/em % Reduction of

from pipette to discs) Control 01l Conidial release

1.5 cm 2,211 1,579 28.6
3.0 em 1,303 929 28,7
4,5 em 958 690 28.0

Discussion

Variations in simulated air speed had no significant e¢ffect on the

magnitude of the reduction in release of conidia and it was noticed that even
at low air speeds,oll affected conidia were released. Thus in this experiment
a threshold air speed was not found, below which the oil affecled conidia

were not released.

C. The Effect of BP85 on Sphaerotheca fuliginea
As the fungus 1s an obligate parasite it was only possible to test the
effect of oil on germ tube and mycellal growth in vivo whereas the effect of

01l on germination was tested both in vitro and in vivo,
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1. Germination and preduction and growth of hyphae in vivo

Castellani and Matta (1964) showed that a light mineral oil completely

inhibited the germination of conidia of E. cichoraccarum. both on the surface

of cotyledons and on water agar. They [urther showed that when sprayed onlo

young cucumber plants at a rate of 8 mp/100 cm2 immediately after inoculation

or 1, 2, 3 and 4 4 later, disease conircl assessed at 7 d was respectively 100,

10C, 95.5, 92.7 and 72.7 %. At these times they stated that the fungus was

fespeotively in the form of quiescent conidia, swollen conidia, germinating
conidia, branched germ tube and intertwined hyphae and therefore made the
following conclusions:-

l) both quieséent and swelling conidia ﬁere equally sensitive to oil;

2) their sensitivity to oil was slightly reduced after germination and
appressorium formation and more so after further growth of the germ
tubes;

3) the mycelium was considerably less sensitive to oil although its

development was clearly retarded and in some cases completely inhibited.

In order to determine whether BP85 acted in the same way in the present

experiment, leaf discs inoculated with conidia of 8. fuliginea were sprayed

2
with 62 mg 0i1/100 em (1.2 ml oil level) immediately after inoculation or:
5, 11, 24, %6, 48, 80 and 96 h later. The celloidin peel technique described
previcusly was used to determine the stage of development of the fungus at

these times and germination, preoduction and growth of hyphae at 48 h and

disease cover at 8 d.

a) Development stages of the fungus

The stages of development of the fungus at the above times were as follows

and as illustrated in Fig.1l7.

1) 5 hours.  Germ tubes were just forming, germination being 23,4 %,

and the length of the germ tubes about % to 1% the width of the conidia.
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FIG. 17  Time sequence for the stages of development of Sphaerotheca Fuliginea

5h 11 h
(23.4% % germination) (45.2 % germination)
0 0
1g 1l7g
appressoria
24 n \ 36 h

(51.7 % zermination) (61.4% germination)

g = germ tube . (67.% % germination)
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2) 11l hours. ‘Germination had increased to 45.2 % with the germ lubes
about twice as long as at 5 . Appressoria had forned and were
typilcally bent as shown In Fig. 17.

3) 24 hours. With germination at 51.7 %, primary hyphae (loh.) were formed
from the end opposite lhe germ tube,

4y 36 hours. Germination had inecreased to 61.4 % with ths msjority of
the germinated conidia at the stage illustrated in Fig.l7. A secondary
hypha (th.) had formed from the appressorium, the 1° bypha increasing
in length and a tertilary hypha (joha) formed from the opposite end to
the primary hypha.

5) 48 hours. By this time germination was 67.4 % with primary and sccondary
hyphae continuing to grow and tertiary hyphae also increasing in length.
In some cases a fourth hypha (40h.) had been produced from the appresscrium,
a fifth hyphae (SOh) from the germ tube end of the spore and the primary
hypha had begun to branch.

6) 80 hours. By this time the hyphae had become so long that it was

difficult to distinguish where they originated from,

b) The effect of BP85 on germ tube growth

The effect of oil applied at 0 h on the length of lo, 2% ang }O hyphae

at 48 h is given in Table 66.

Table 66 The effect of BP85 cn germ tube growth (eye piece units)

Hyphal type Control 0il % growth reduction

Q

17h. 4. 2o 3.0 28.6
2h. 2.4 1.9 20.8
3%h. 1.3 1.1 15.4

Growth was significantly reduced in all three cases, the reduction being

greater for the longer hyphae suggesting thal growth over a certain distance was



presumably necessary belove the perm tubes could come into conhact with the

clil and therefore be retarded.

¢) The effect of BPES on germination and germ tube production

The effect of'the oll on the fungus was determined both with respect to
its effect on germination and production of hyphae. The results ae glven
in Figs. 18 and 19 with hyphal productioﬁ expresscd as a percentage of the
tobal conidia and as a percentage of the germinated conldia respectively.
Table 67 shows germination of conidia at the 5, 11, 24, 36 and 48 h spray times
with germination of conidia at 48 h on discs sprayed at these times.

Teble 67 The effect on germination at 48 h of BPB85 sprayed at 0, 5, 11,

24 and 36 h afher inoculation

Spray % % germination % reduction in
time germination at 48 hours germination
( h) (controls) (0il sprayed) caused by oil
0 0 %2.8 51.3
5 0% 4 57.5 4.7
11 4n.2 ' 63.9 5.5
24 51.7 65.5 2.8
46 61.4 66.7 1.0
48 E67.4 , — _—

Discussion

The effect of oil on germination fell off very qulckly when the oil
was sprayed at increasingly long periods after Inoculation. | This fall off
follows a simple mathematlcal relationship between the percentage reduction
in germination ceused by the oil sprayed at O h (i.e. 51.3 %) and the raepldiy
decreasing number of conidla that are left to germinate alter the oll has

been sprayed. Thus after 5 h, 23.4 % conidia had germinated leaving 44.0 %
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Fig., 18 7The effect of BPES sprayed at 0, 5, 11, 24 and 26 hours after

inoculation on hyphal production (% of total conidia)

HYPHAL PRODUCTION (PERCENTAGE OF TOTAL CONIDIA)

70
0
o) Control
60 g3 ©
A \ Q
50
{72,
o sp S0 N
8
40 5h 11lh ol -
i 'a
i3
30 o A &
Ch ) AN .
B 3
20
10 4 2
o 5
¥ 1
1% 1% 2%h 3bh 5%

HYPHAL TYPE

2hn

5h
198
%6h
Centrol



- 168 -

Fig. 19 The effect of BPB5 sprayed at 0, 5, 11, 24, and 36 hours after

inoculation on hyphal production (% of Germinated Conidi_ei')
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of the tobal lo germinste between 5 h and 48 h and thus be affected by the
oll eprayed at B M. The cffect of the oil on this 44 % was then not 51.3 %
but 22.8 %.  Similarly, oil sprayed at 11 h only caused an 11.4 % reduction

of only 22.2 % poventially germinable conidia.

The nurber of cconidia with lo, 2° and 30 hyphae was very much retarded by
the b and 11 h treatments which also differed significantly from the smaller
reduction caused by the 24 and 36 h treatments. The production of 2° hyphae
and 4° germ tubes was significantly stimulated as indicated by the'standard
errors of Tlg. 19. Az the percentage germination caused by the O h treatment
was very much reducea, the effect on germ tube production differed in the two
figures. Thus Fig. 18 indicates the effect of the oil on the ability of the
total population o' conidia *to produce germ tubes and hyphac whereas Fig. 19
shows the effect of oll on the ability of those conidia which germinate to
produce germ tubes aud hyphae. When oil was sprayed at O h, FPig.18 shows
there to have been a quite large effect on the total conidia at 48 h with
10, 2° and 30 hyphae. Fig. 19, however, shows that of those conidia gerninated

at 48 h, the 0 h treatment had only a small effect on hypha production.

Flg. 19 allows some tentative conclusions about the effect of oil on

the fungus from the results of the effect of o0il on the production of hyphase

by germinating conidia. It is suggested, therefore, that the olil affects the

fungus via:-

a) the conidium by (i) inhibiting germination when it is completely embedded
in the oil and (ii) slowing down the growth and production of new hyphae
when the conidium is only Jjust touching the oll or is not completely
embedded in the oil. This effect would be greater when the spore was
at an early stage of hyphal development than when at a later stage. A
similar effect might be produced by the conidium at a later stage when
it was less sensitive to the oll but when it was completely embedded in

the oll,
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It is also suguested that the oil alfects the fungus via:-
b) the hyphace by slowing down thelr growbth and possibly as a conscguence,

stimilating new hyphal production.

The oil would therefore produce two populations of germinated conidia,
Population I would be slow developing conidia {(effect (a) (ii)) with the
production of hyphae very much slowed dowrn. Population II would be rapidly
growing germinated spores in which the oil would reduce and/cr so affect the

growth of the hyphae as to stimulate the production of new ones.

On the basis of these two populations the follo%ing is a suggested
explanation for the effect of oil when sprayed at the above mentioned times
after inoculaticn. When applied at O h the oil has very little effect on
hyrha producing coinddia as those spo;es embedded in the oil do not serminate
and remain in this state. The c¢. 16 % reduction in hypha production up to
and including the }o hypha is produced by the population I conidia. The
slight stimulatlion of 5© hyphae and very significant stimulation of 50 hyphae
is produced by population II. By 5h, ¢c. 23 % conidia have germinaled and
may therefore be affected by the oil. Tﬁus, these conidia contribute to the
population I effect whilet the population IT effect is reduced. By 11 h
germination has reached ¢. 45 % with the extra germinated spores contributing
to the population I effect when sprayed with oil. The 27% of conidia which
formed the population I effect at the 5 h application are now less sensitive
to oil and their contribution to the population I effect up to the 30 hyphé
is therefore very small. Thus the total population I effect is not
significantly greater than with the 5 h treatment. The population II effect
is, however, again reduced, causing a reduction in the stimulation of 50
hypha production. By 24 h germination has only increased bj c. 1 % and thus
the population I effect produced 5y these is very small whilst the coﬁidia which
produced the population I effect with the 5 and 11 h treatments ars less

gsensgitive to oil. Thus the total population I effect is reduced being more
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close to that caused by the O L treatment. When oil is applied «t 24 h

1° byphae have already been produced by conidla. These do not grow far
before coming into contact with oll and thus 40 and 50 hyphae are produced
at a faster rate Lhan at 11 h due to the population II effect. By 3 h

the conidia ﬁave formed 30 hyphae and thus there is not suggicient tlme left
between %6 and 48 h for the oil to sufficiently affect these hyphae lo cause
any stimulation in the production of 50 hyphae though sufficient time is

left for the stimulation of 4° hyphae.

d) The effect of BP85 sprayed after inoculation on disease cover

Discs inoculated and sprayed in the above experiment were allowed to
progress to sporulation when disease cover was assessed as usual. Results

“are given in Table 08,

Table 68 The effect of spray time on disease control

Spray time (h) Control O 5 11 24 %6 48 80 96
% Disease vover 100 92,1 92.7 92.1 93.2 94,5 95.9 95.5 98.7
% Disease control —_— 7.9 7.% 7.9 6.8 5.5 4.1 L5 1.3

Discussion

Althoﬁgh disease control was very poor the pattern of the effect of spray
time was similar to that obtsined by Castellani and Matta (1964) described
earlier, Thus these workers found no difference between spraying at O or 1 d
intervals, a significant difference between 1 and 2 d, a small difference
between 2 and 3 d and a large difference between % and 4 4. In the present
experiment also, significant differences were only found between 1 and 2 d and
between 3 and 4 d. Whereas, however, Castellani and Matta stated that at
24 h, conidia were swollen but ungerminated, in the present experiment
germination was nearly complete al this time. Furthermore, although Castellani
and Matta concluded that because disease control was considerably reéuced when

rothee

0il was sprayed at U4 dAthan at 3 d (72.7 % control compared with 92.7 %) this

)
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indicated thal the mycelium wasz considerably less zensitive To the c¢il, the
fungus at this time was itself very well deQeloped. It was nol, however,
stated whether the fungus at this stage of development (intertwined hyphae)
would be disregarded when counting Qidium patches using a magnifying lens.
In thc present esperiment germination at 48 h was reduced by the oil treatment
at O h by 51.3% whercas the o0 germ tubes were reduced in growth (length)
by only 28.6 %. This does provide some gquantitalive évidenoe that the
mycelium is less sengltive to oil than the conidia, The results for the
effect cof oil on disease control do not, however, provide any strong evidence
that a germinated conidium is légs gsensitive than a quiescent or ungerminated

swollen conidium as suggested by Castellani and Matta.

2. The effect of BPE5S on germination in vitro

Clean coverslips were sprayed at levels of 0.2, 0.4, 0.8 and 1.2 ml of
BP85 and conidia deposited on them and incubated in Manners and Hossain {1963)
germination chambers asldescribed previously. Germination was assessed after
48 h, The resuitls expressed as percentage reductions in germination are given

in Fig. 20.

All treatments were significantly different from the control with the
percentage reduction of germination falling off at the higher oil levels. Thus
very high levels would be required to give complete inhibition of germination.
‘Percentage reduction was higher in this experiment on glass than in the previous
experiment on the leaf (56.7 % compared with 51.3 %). This difference may
reflect the difference in spreading of the oil on glass and‘plant surface. This
was suggested by Skellern (1968) as a reason for the coalescence of droplets
of oil sprayed onto glass slides. She suggested that coalescence would be

less likely to happen on leaves due to the uneveness of the surface, The fall
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Fig. 20 The effect of BP85 on the germination of conidia ofSphaerotheca fuligineal

on glass!
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of f in percentage reduction of germination on glass was expected due to the
non linear relationship between oll deposit and area so covered by the oll.
Thus it would be expected that at inerecasingly higher levels a greater
percentage of the oil sprayed would deposit on areas already covered with oil

without causing a corresponding increase in unaffected area covered with oll.

The results of both experiments on germination in vitro and in vivo
show that as germination is only reduced by about 50 to 60% the number of

conidia left to germinate will be considerable except at low inoculum levels.

3. The effect of sunlight on the in vitro toxicity of BPGS

A previous experiment showed that oll exposed to sunlight was nuch more
effective in controlling cucumber powdery mildew than oll stored in the dark.
The same two oils were therefore compared against the in vilro germination of

the fungus, Sphaerotheca fuliginea. Coverslips were sprayed, dusted with

conidia, incubated and assessed as 1n the previous experiment. The results,
expressed as percentage reductions in germination of the contro‘.are given
in Tlg. 21,

Discussiun

The significant increase in toxicity of BP85 at the two higher levels of

42 and 63 mg/lOO 0m2 when exposed to sunlight, on the germination of S. fuliginea
S

was relatively small when compared with the increased activity of this oil on

the'disease-shown previously. This>suggésts that BP85 stored in the dark

is not very effective againét the myoelium gf the fﬁngus in vivo but wheﬁ exposed
to sunlight bé;omes mﬁch moré iﬁhibitory'tb it. ~It als& supporté a previous
suggeétion thal many conidia,'thoughfin contact with the.oil are not inhibited.
Thus.in £h§ present experiment, conldia wﬁicﬁ.weré not completely embedded in‘
the oil‘and would therefofe-not normally bhe inhibited from germinating, are

B

completely inhibited by the oll exposed to sunlight.



Fig. 21. The effect of sunlight on the toxicity of BP85 to Sphaerotheca

fulliginea
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D, ‘he Liffect of BPES on Cucumber Powdery Mildew using Whole Plants

Experiment 1.

BPES was spraved onto plants at the four leaf stage using the Micron ULVA
as desoribed_beforé and with the oil deéposits determined using.aluminium foil,
‘Plants WEre inocuiated in a large\settling tower as usual and discase assessed
onn those leaves wﬁich were Tully eipanded aﬁd not sﬂadea by others a£ the time

of spraying and inoculation. The results are given in Table 69,

Table 69 The effect of BPBS on cucurber powdery mildew using whole plants

0il deposit (mg/100 omg) 0 1.9 4.7 36.9 8%.8

% Disease cover 100 99.7 81.5 35.3 5.5

% Control — 0.3 17.5 64,7 k.5

Discussion

Althéugh no direct comparison could be made between this experiment and
those uaing leal discs as the inoculum level was nof détermined, iﬁ was clear
that a very high levél\of oll Was necessary to control the disease. Pléte‘8
illustratés representative leaves taken froﬁ thie experiment wiih the oil ievels
of 5, 15, 30 and 60 s corresponding to the deposit rates given in Tabie 69.
The inoculum level used wés much higher than one wouid normally expect in the
field at the beginning of an-epiéemic. Thué BP8§ might prove effective at
the beginning 5f/a season whereas iater on as the inoculum level in the field

built up it would become completely ineffective at commercially acceptable rates

) 2
of usage i.e. below 10 mg/1C0 cm™,

E. The Phytotoxicity of BP8Y on Whole Plants
Although BP8S was ineffective against mildew, except at low incculum
levels, the oil was still of use as a carrier for conventional fungicides. Thus

any phytotoxic effects caused by the oil would be important,

1. The effect of BPBS on plant growth

Internode lengths of plants sprayed with oil, using the Micron ULVA, were
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s O

measured after 20 d, in a preenhouse al c. 20°C to 267C, The avorage

’ i ol
total plant growth of six replicates sprayed with 0, 8.0 and 94.8 mg/100 e’

o]

was, respectively 20.0, 21.2 and 13.2 cm . Thus the high level of oil
significanﬁly reduccd blant érowth.bf'jﬂ%u -Ccnsidering ﬁhe heaviness éf the
deposit (mére than tén fimes an acceptable commepciai level, this was only a small
effeét‘amd,was not accoapanied by any other‘signs of phytotoxicity such as

0il soaking.

2. The effect of BPES on leaf permeability

The effect of BP8§ on the leakagce of lons from cucumber leaves was ltaken
as a measure of miOTOSCOéiO injury. .Planté were spfayed with the Micron ULVA
as before except tha£ one half of each leaf vias covered with a polythene
bag seaied to the mid rib. As only four ﬁlants couid be aocbﬁmodated in the
spray chaﬁber, a replicate for each of the four sample times was used with
each of four sp;ays. The four deposits of oil weré very close to each other
being 74.2, T4.73, 76.2 and 71.0 mg/100 cm2 as-me;sured using alﬁminium foil
in the centre of the four plants each time. Treaﬁed planis were left‘in the
greenhouse and sampled immediételykafter gpreying and B, 12 and 19 d4d later
ahd the leakage of lons from the leaves meaéured as dgscribed previously.
Leakape was measured at intervals up to 48 h, thé change in leakage with
leaching time after 19 d being gi§en in Fig.22 and the change 1n leakage with time
after spraying given in Fig.2>3. In both, leakage was ekpressed,as a percentage

of the total electrolyte in the leaf samples determined by boiling them.

Discussion

BP85 applied at the high level of 73.8 mg/1C0 cm2 caused significant
membrane damage as measured by ion léakage ét 12 and lé d; The relatively
large increase in leakage over the control of 76.9 % suggests thét at loﬁer
levels a smaller though similar type of damage might occur inéieating oll
phytotoxicity’which might not oﬁherwise be deteéﬁed except perh,ps in‘a
decféase in yield. The leakage patltern for both leaching and treatment time
illustrates the time required by reclatively viscous olls such és BP85 to

penetrate the leaf as compared with a very light oll such as n-decane used



Fig. 22.
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The change in ilon leakage from control and BP85 szprayed leaf
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Fig. 23 The effect of treatment time on lon leakage from control

and BPBS sprayed leaf samples

E 60 —
g 50 ™
=
@]
B uo

% 7—6”’//// L : -,  Control -
S i —0 ol ®
20 o
8
r
£
2 .
,é 20 -+
&
§
w 10—
A
Z ,
o i
H
° 1 [ [ |
O 5 10 15 20

TREATMENT TIME (DAYS)



- 180 -

by Boyles (1967). He used the lon leakage technique to study the mwechanloem

of toxicity of n-decane to carrot and sunflower leaves and found slignificant

.

increases in leakage of 100 % within three hours.

F. The Effect of (N + P) Components of Experimental 011 Fractlons on

Mildew using Léaf Discs

A previous exberiment with wide gdistillation range oils suggested That
under certain conditions there was an inverse linear relationship belween
disease contfol and oii viscosity whereas the relationship with boiling point
was curvilinear. It was shown that oills with lower béiling points than EP85.
were considefably more effective‘in cohtrélling the disease. Thus to
investigaée these points more fully a series of narrow distiilation rangé oll
fractions from which the unsaturated hydrocarbon components had been removed
were tested~again5t the disease. Practions 137, 16, 19, 22 and 24 were
prepared as described previoﬁsiy and their Viséosities defermined at 37.8OC
and given in Appendix Ib. In the first experiment disease control and
phytotoxicity wefe compared on the bésis of distillation temperature. As

the lower bolling fractions were highly volatile (Appendix Ic) a second

experiment was carried out to determine their vapour action on the disease.

1. Disease control and phytotoxicity

Leaf disés were sprayed at levels of 0.4, 0.8 and 1.2 ml, inoculated,
incubated in closed Petri-dishes and disease co&er assessed as usual,
Pnytotoxicity, measured in terms of the total effect ofroil treatment and
infection, was estimated on a scale ffom 0 to 6 as described previously.

The relationship between oil toxicity as expressed as pércentage diéease’cover

and phytotoxicity is given in Fig. 2L, and between disease control and distillation

temperature in ¥Fig. 25.

Discussion

Fractions 1% and 16 were by far the most effective égainst the disease
but were also highly phytotoxic. Fractions 22 and 24, although causing no

visible signs of phytotoxicity were oompanitively ineffective amgainst the cdiseasec.



Fig. 24. The effect of (N + P) components of oll fractions on disease cover and phytotoxicity
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FIG. 25. The relationship between distillation temperature and disease control
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Fraction 19 was intermediate with respect to disease control and phytoltoxicity.
At the 0.4 ml level disease control was poor and thus total phyltotoxicity fairly
high whereas at the 1.2 ml level dilsease control was more than 90 % with only

slight signs of phytotoxicity.

Fig. 25 shows an almost linear relationship between B0% distiliation
temperature and disease control at the 1.2 ml level for fractions 19, 22 and
24,  The more curvilinear re¢ationshi§ at the 0.8 and 0.4 ml 1evéls méy be
partly due to the differences in deposit with different olls. Thus, as shown
in Appendix Id, at the 0.8 ml levels, fractions 22; 19 and 13 give deposits of
respectively, 24.8, é896 and 3%.4 mg/100 cmg. Whereas, in contrast\to the
lower bolling point, wide distillation range olls which fell off in-toxicity
at the 0.8 and 0.4 ml levels, the low bolling point fraction 19 increased in
toxlelty at4a greater rate than the higher bolling fractions, This difference
may bé explained on the bésis 6f the comparative volatilities of Fraction 19
and gas oil. Thu$ fraction 19 is considerably less volatile than gas oll
(Appendix ch and thus would persist sufficientiy for it to be able tc exert

more of its potential toxic zction on the fungus than would gas oil,

The increasingly curvilinear pattern of disease control at the 1.2, 0.8
and 0.4 ml levels is clearly illustrated by the ratio of the change in percentage
control between fractions 24 and 22 and between fractions 22 and 19, at these
leveis. The ratios are respectively, 1to 1.6, 1 to 4.4, and 1 to 6.4,
Thé ratios for changes in inverse viscosity and 50 % boiling point are the same
i.e. 1 to‘1.3. Thus for narrow distillatlon range oil fractions boiling point
and invefse viscosity are equally valld measures of the comparative
toxicities of the fractions within‘the very limited distillation range
encompassed by the three olls.

b)  The vapour action of oil fractions

Vapour action was determined by placing leaf discs sprayed and inoculated
in the usual way on one half of a Petri-dish containing water agar.

Inoculated but unsprayed discs were placed on the other half and the dish
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closed to prevent vapour escaping too quickly. The results for disease

“control on both sprayed and unsprayed discs are given in Fig.26.
Discussic

The vapour action of fractions i} and 16 was quite marked with fraction
19 showing only a slight effect. This suggests that in the immediate area
of the oil drop and fungus there would be\two modes of action of fraction 19,
Pirst a very marked effect of the oll per se. on the fungus and secondly a
smaller effect due to the vapour from the oil. This latter would be expected
to be greafer than detected in this experiment where the test fungus was at a
relatively long distance from the source of the vapour. No vapour action

was detected for fraction 22 although one would expect some slight effect due

to the slight volatility of the oil (Appendix Ic).

The results of both experiments described above show that the action of
0il against mildew is not related to just one physical characteristic since the
relationship between distillation temperature, viscosity and volatility all
of which have been shown to be related to the activity of oil, are not linear.

G. The Phytotoxicity of (N + P) Components of Experimental 0il Fractions

on Leaf Discs

Earlier experiments with BP85 suggested that léaf disc senescence, as
measured by the chlorophyll content of leaf discs, was a fairly sensitive
test of oil phytotoxicity. This method was therefore used as a test for the
(N + P) components of 0il fractions. As oil soasking was another symptom of
oii phytotoxicity this was also measured in terms of the percentage leaf area

affected using the Horsfall-Barratt grading system as described before.

Leaf discs were cut and sprayed with fractions 13, 16, 19, 22 and 24
at the 0.4, 0.8 and 1.2 ml levels as usual. The chlorophyll content of control
discs was measured at the start of the experiment and at the end when the oil

treated discs were measured and also estimated for oil soaking. All discs



Fig, 26. The vapour action of (N + P) éomponents of oil fractions on cucumber powdery mildew control
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were maintained on water agar and were cul in pairs from each of ten leaves
and arranged so that discs from the same lcaves ooﬁld be easily identified.
The results for both chlorophyll content and oil scaking are given in Fig.27
with BP85 included at its 50 % distillation temperature and indlcated by the
vertical line at this point. The three horizontal lines crossing this line
and markeé?8 and 12 indicate the chlorophyll content at the levels of 0.4,

0.8 and 1.2. ml .

Discussion

Fractions 1% and 16 signigicantly reduced the chlorophyll content below
the controls whilst fractions 19 and 22 significantly increased the chlorophyll
céntent of discs over the controls. No significant differences were found
for fraction 24 or BP8s. 0il level had no significant effect on chlorophyll
content except with fraction 19 where oil levels of 0.8 and 1.2 ml gave a
significantly higher Value than the 0.4 ml level. Differences in oil soaking,
however, werc equally caused by differences in oil level and distillation
temperature. The results suggest that fraction 19 is considerably sbytotoxilc
except at levels of 0.4 ml »or beiow. The results also cast some doubt on
the validity of the chlorophyll assay method as a measure of phytotoxicity.
Thus while fraction 19 caused an increase ovér that of the control particglarly
at the 0.8 and 1.2 ml levels, the same levels caused 14.2 and 8%.2 % oil
soaking respectively. The significance of the effect of fractions 19 and 22
on chlorcophyll content is thus not clear particularly as the effect>is
relatively small when compared with the control value of 0.455 at the beginning
of the experiment. The results do, however, again confirm %he results of
Saunders and Lonnecker (1967) that oils do reduce the senescence of plant
material. They also indicate that oils lighter thén BP8S will cause a

much greater effect than this oil.

H. The Effect of Unssturated (A + H) Hydrocarbon Components of 0Qil

Fractions on Mildew using Leal Discs

Previous experiments showed the saturated (N + P) hydrocarbon components

of o0il fractions Lo be relatively ineffective in controlling the disease
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except at high levels where phytotoxicity was also high. It was thought
possible,therefore, that the unsaturated aromatic hydrocarbon conponents of
0il fractions, which show the highest phytotoxicity of all hydrocerhons
(Havis, 1950), might be sufficiently active against the disease to be used
at very low levels abt which phytotoxicity might be avoided., The (A + H)
components of fractions 13, 16, 19, 22 and 24 were thus tested for both
disease control and phytotoxicity.

1. The minimum o1l level for activily

To determine the lowest application rate at which the oils could be
used to give good disease control, the five fractions were appli@d"to leaf
dises, using the pipette technique with the Potter tower described previously,
at levels of 0.03%, 0.05, 0.10, 0.20 and 0.30 ml . For fractions 19, 22

2
and 24 these levels gave oil deposits of ¢. 0.5, 1.2, 3.8, 9.6 and 16 mg/100 cm

precise values Tor each oil being given in Appendix Id. Values were not
were
obtained for fractions 12 and 16 as they were very volatile. Disca/inoculated

and incubated as before and the results expressed as percentage disease control
in Table 70.

Table 70 The effect of (A + H) oil fraction components on cucumber

powdery mildew (% &iscase control)

01l level - Fraction number

(ml) 13 16 19 op 24
0.03 0 0 0 <1 1.3
0.05 0 0 <1 <1 3.7
0.10 * * 2.1 19.0 20.4
0.20 * * 25.0 £63.0 60.0
0.30 * i 90.0 91.8 93,4

* not estimated due to heavy phytotoxicity
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Discussion
Neither’of the two lowest levels caused any significant conuvrol except
for the 0.05 ml 1ével of fraction 24, Good disease control of over 90 %
was only obtained with the 0.3 ml levels of fractions 19, 22 and 24 whilst
the phytotoxicity caused by fractions 1% and 16 at levels of 0.10 ml
and above was so high as to prevent disease estimations. Thus fractions 19,

I3

- 22 and 24 seemed the most promising and were therefore tested further.

2. Disease control and phytotoxicity with (A + H) components of fractions

19, 22 and 24

Fractions 19, 22 and 24 were sprayed at levels of 0.1, 0.2, O.}vand 0.5
ml to confirm their actién on the disease and thelr phytotoxicity both in
terms of oil soaking and chlorophyll content, 0il soaking was estimated
after 1 and 9 d and chlorophyll at the end of the experimenf at 9 d. Results
are given in Table T1.

Table 71  Disease control and phytotoxicity with (A + H) components

of fractions 19, 22 and 24

Treatment % Phytotoxicity

 Fraction 0il Disease 0il sozking (%) Chlorophyll at 9 d

level

number (ml) control Day 1 Dey 9 D at 665@p % Reduction

0.1 —_ 1.9 56.0 0.046 60.3
o2 100 50 100 * % 100
19 0.% % 6.2 100 x % 100
0.5  * % 18.0 100 x % 100
0.1 87.0 0 8.8 0.084 27.6
0.2 100 43.0  0.036 69.0
20 0.3 1003 1 98.5 0.004 96.6
0.5 % <1 100 * % 100
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Table 71 cont.

0.1 84.0 0 1.5 0.110 5.2
0.2 96.7 0 3.6 0. 102 12.1
24 0.3 > 99 <1 7.0 0.079 31.9
0.5 100 {1 11.6 0.074 36. 2
Disease control 0 — — _— —
Healthy control — 0 0 0 116 0

* ()

average of number of replicates in brackets, due to
phytotoxicity
¥ % not estimated due to phytotoxicity

Discussion

In this experiment fraction 19 caused severe phytotoxicity even at
the lowest level of 0.1' ml and was not used in any further tests. Fraction 24
caused no significant pﬁytotoxioity in terms of chlorophyll reduction at the
0.1 and 0.2 ml levels and ohly slight oil soaking. Disease control was also
very good but the oil itself was very viscous (Appendix Ib) and thus difficult
to spray. Of the fractions available at this time, fraction 22 showed the

best compromise betWeen disease control, phytotoxicity and ease of spraying.

The effect of distillation temperature on the type of phytotoxicity caused
by oils was clearly shown by the three fractions. Thus fraction 19 caused
a very rapid chlorosis so that by 3 d most of the discs at levels of 0.2 to 0.5
ml were completely colourléss. Fraction 22 caused a similar type of phytotoxicity
but which progressed at a much slower rate so that at 7 d most of the discs were
st1ll green though markedly less than the controls. Phytotoxle symptoms for
fraction 24, were confined to small necrotic sbots so that whereas by 9 d discs
sprayed at the 0.1 ml ievel with this fraction showed similar necrotic spotting

to the same level of fraction 22, the chlorophyll content of discs sprayed with

the former oil was not significantly different from the control discs.
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Fraction 22, however, caused considerable loss of chlorophyll. Unlike
fraction 22, fraction 24 did not cause any large areas to become completely

chlorotic even at the high levels of 0.% and 0.5 ml

3. Disease control and phytotoxicity with (A + H) components

of fractions 21, 22 and 23

At a2 much later date to the previous experiment the (A + H) components
of fractioﬁs on either side of fractions 22 became available and were therefore
compared at the 0,15 ml rate for disease controi and phytotoxicity. In the
first experiment they were sprayed at the time of inoculation and in a
second smaller experiment Just before sporulation. Disease cover and
chlorophyll content of infected discs were .measured as vefore and given in
Tables 72 and T3. |

Table 72 Disease cover and chlorophyll content of discs sprayed

with (A + H) components of fractions 21,22 and 23

at the time of inocculation

Fraction % Disecase % Chlorophyll

number cover Control (D at 665nw)
Control 100 0 0.044
21 w8 5.2 0.006
.22 35.0 65.0 0.615
23 60 54.0 0.035

Table 73 Chlorophyll content of discs sprayed with (A + H) components

of fractions 21, 22 and 23 just prior to sporulation

Fraction Chlorophyll
number (D at 665@p)
21 0.004
22 0.015

23 . 0.069
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Although diseasc was reduced significantly, the éil fractions 21 and 23
gignificantly reduced the chlorophyll content of discs below that of the
diseased controls. Fraétion 2% did not, however, cause any significant
differénce but uninfected discs were much yeliower (i.e. senescent) than
the healthy controls indicating phytotoxicity. Fractions 22 and 23 did
not‘differ significantly indisease control but both were significantly
more effective than fraction 21. The much lower phytotvoxicity of fraction 23
was confirmed by spraying infected discs just prior to sporulation. Examination
under a stereo~zoomvmioroseope showed that fractions 21 and 22 completely
prevented sporulatién whereas only 60 % of discs sprayed with fraction 23 were
completely prevented from sporulating. Due tc the relatively poor survival
of cucumber leaf discs it was not possible to decide whether fraction 23
per se. was less toxic to the fungus or whether ihe greater phytotoxicity
of fraction 22 prevented the leaf discs treated with this oil from supportiﬁg

sporuiation.

3. A comparison of hydrocarbon components of fraction 22

As fraction 2% was not available at the time of this work, fraction 22
was the most promising oil available. The hydrocarbon components of this
fraction, as described in Materials and Methods, Section D.2 b) and Fig. 5,
were therefore compared for both disease control and total damage caused by
the 0il treatment plus disease (T. + D.). The latter was assessed using the
Horsfall-Barratt grading system to meésure oil or water soaked areas. The
components were the aromatics plus heterocyclics (A + H), naphthenes plus
paraffins (N-+ P), crude oil (C.0.) consisting of the latter two components
plus the total wax content of the fraction, dewaxea 0il process I (D.W.O. I)
consisting of the (N + P) component minus its wax content and dewaxed oil
process IT (DW.0.II) consisting of crude oil minus its wax ccntent. They
were sprayed at the 0.1, 0.2, 0.3 and 0.5 ml levels, discs inoculated and

incubated as before. The results are given in Table T4.
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Table T4 A comparison of fraction 22 component treatment

Percentage disease control

0il level ‘ Hydrocarbdn component,
(m1) A+ H N+ P D.W.0, T ¢.0. . DW.0. II
0.1 29.0 3.4 2.4 4.8 5.4
0.2 91.9 3.4 .5 31.0 38.0
0.2 v 99 5.2 5.2 60.0 93,4
0.5 100 5.6 6.8 99.0 100

Percentage total damage (T. + D.)

0il level Hydrocarbon component
(m1) A+ H N+ P DW.O0. I C.0. D.W.0. II

0.1 <1 87.2 * ¥ * % 5%.0

0.2 3.9 91.6 * % 6.6 10.8

0.3 8.8 89.0 * ® . 7.6 80.8

0.5 91.6 85.6 X % 97.6 86.6

* * not estimated
Discussion

As expected, the (A + H) component as by far the most effective treatment.
It was interestiﬁg also that the crude oii component put tbrough the wax
extration process (i.e. D.W.O. II)»was more fungitoxic and phytotoxic than before
the process (i.e..C.O,). It was noticéd_thét the dewaxed (N 4 P) fraction
was sligﬁtly colouréd and aléo that the dewéxed‘crude oilhwas darker in colour

than the ordinary crude oill. Thus the dewaxing process would seem to have
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Increased the toxicity of the oil. As the déwaxed (N + P) component was
not, howevér, any more active against the disease than the (N + P) component
per se., it pwould seem fﬁat the dewaxing process only had a significaﬁt

blological effect on the unsaturated hydrocarbons. The results emphasize

the need for care in treating oils for bilological uses.

4, The effect of oil dilution on disease control and phytotoxicity

Although.ohytotox101%y caused by ffactlon 22 was low compared with
lower beiling point fractions 1t was still too high for commercial use.
Thus it would be desirable to dllute the fraction with a non- phytotsﬂk:
carrier oll which would reduce phytotox1c1iy but maintain good dlsea

control.

Fractions 21, 22, 2% and 24 were diluted in BP85 giving concentrations
of from 20 % to lOO % and uprdyed on leaf discs at the 0.15 ml level,
For disease control fraotlono 21 and 22 were tested at the 20, %40, 60,
80 and 100 % ccncéﬁtrétions and fractions 2% and 24 at the 20 and 60 % dilutions.
For phytotoxicity ali four ffaotions were tested a£ tﬁe 20, 66 and iﬂ@ %
concentrations and detérmined on uninfected discs in terms of oll soaklng

and chlorophyll content as before. Resulto are given in Table 75, and Flg 28,

Table 75 The effeot of o1l fracgtion dilution on oll soaking

(percentage leaf area affected)

Fraction % (A + H)

number 20 60 100
21 <1 <1 1.0
o0 <1 1.7 1.8
2% {1 <1l *
24 <1 1.0 *

* not tested
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Fig., 28 The effect of oil di'LuLion on disease control and chlorophyll content
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Discussion

Of the oils tested fractions 22 and 21 were the most phytotoxic with
fraction 2i‘gjvjng virtually no diséase control., - Af a concentration of
60 % fraction 24 gave by Tar the greatest disease control and was also the
least phytotoxic causing only a 30 % reductlon‘whllst fraction 22 caused
a 53.4 % reduotwun Although fraction 24 at 60 % dld not differ éignificaﬁtly
in disease control from fraction 2? at 100 % the results of a prev1ous eﬁperlment
where the two fractlonb did not differ 51gn1f1cant1y at 100 %. suggest that ﬂ
dilution, at least down to 60 7 does not reduce the act1v1ty of thls fraction
but does %ake épraying far easier. Thus, fraction 24 at 100 % had a
viscosity of.c. 470 cenulqtokes whilst at 60 % 1ts v150051ty Wwas only
c. 100 cent1qf0ke% (Appendlx Ib). It is clear, however, that dilution to

values at waich ui@eaae control mlyht stlll be acceptable commercially does

net completely reduce phvtotoxicity on 1eaf discs.

Values for dilsease contrel in this experiment were very low and since
in previous experiments the same treatments had given much higher values
it was thought likely that variations in inoculum level might be the reason.

This was tested in the following experiment.

5. = The effect of variations in conidial inoculum density on disease control
‘Variations in inoculum density were produced as before using whole plants

as an inoculum source. Fraction 22 was sprayed at the 0.15 and 0.20 ml levels

and disease cover estimated as usual. Results are given in Fig. 29.
Discussion

As Tound with BP85, disease control felloff with increasing inoculum
level, The pattern of thé effect was also very similar to that found for
BP85, Thus at 1§w inoculum levels bothk oil levelé geve high disecase 4
control whereas with higher Inoculum levels the difference in diseasé
control between the two oil levcls increased to between 30 and 35%, thereafter,
remaining constant. The threshold range for the effect of decreasing
inoculum 1e§e1 on disease control wag, a5 for BP85, between 500 and 1,000

o] .
conidia/ecm” with the effect being much smaller at the higher oil level.



Fig; 29. The effecﬁ of conidial inoculum density on disease control ’
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The main difference between the (A + ) component of fraction 22 and BPS5
was the much higher activity of the former. Thus at an inoculum level of
250 conidia/cm2 fraction 22 gave c. 95 % disease control at an oil level
of 0.15 ml (¢. 6 mg/100 cmg) whereas BP85 gave only c. 80 % control at an
oil level of 1.2 ml (63 mg/100 eme). Fracfion 22 also maintained its
activity after the initial fall off indicating that it was highly toxic to
the fungal mycelium wherecas further experiments showed that at the 0.2 ml
level the oil had ro significant effect on germination. Thus the oil
protected a much greater area than it actually covered. The threshold
effect could therefore be explained>by the ability of the oll not only to
inhibit the growth of fungal hyphae but al;o to inhibit or slow down the
growth of new germ tubes and hyphae from the original conidium. At low
inoculum levels this would leave only a small number of germinating conidia
.initially wnaffected by the oil and which would be incapable of completely
colonizing the unprotgcted.leaf surface. At higher inoculum levels the
number of germinating conidia initially unaffected by the oil would be much
higher thus being able to fully colonize the unprotected leaf area and giving>

a constant value for disease cover from the threshold inoculum range upwards.

6. The persistence of the (A + H) component of fraction 22

. Although fraotion‘22 was of low volatility and was therefore unlikely
to show any loss of activity due to volatilization, it was possible that
other factors, such as the loss of oil from the leaf surfape into the leaf
tissue, might affect its activity. To test'this the oil was sprayed at
the O.l ml level at 0, 1, 2, 3, 5 and 7 d prlor to incculation. Disease
cover was estimated as before, and results, expressed as percentage disease

control, given in Fig. 30.

Discussion

Disease control fell off scon after spraying and by 2 d had been
significantly reduced by 42.6 %. Clearly this would be an unacceptable

characteristic for the use of the oil as a fungicide.
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Fig. 30 The effect of pre-inoculatlons sprays of fraction 22, (A + H)

component, on disease control
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7. The eradicant action of the (A + H) component of fraction 22

At the low spray rates used for (A + H) components, the amount of leaf
area covered with the oil Would‘be very small and thus its effect on
conidial germination similarly small. As disease control was, however, high_
the effect of the o0il on the mycelium must have been similarly high.
This, together with the results of the last experiment where activity fell
off with time on the plant, suggests that disease control might bé improved
by spraying after inoculation, Thus the oil in 1ts most active state would
immediatelyAcome'into contact with germ tubes and hyphae of the Tungus.
To test this, fraction 22 was sprayed at the 0.2 ml level immediately after
inoculation and 12, 26, 36, 48, 72 and 96 h later. The results expressed
as percentage disease control are given in Fig. 31,
Discussion
| Disease contrcl was significantly improved by 15.8 and 18.4 % by
spraying at 26 and 48 h after inoculation. With the 72 h treatment control
had decreased slightly and with the 96 h spray was not significantly different
from that produced by the O h spray. In the iéiler case the myceliuwn had
developed sufficiently before treatment to be included in the final estimate
of mycelial coverage.

I. The Effect of the (A + H) Component of PFractlon 22 on Sphaerotheca

fuliginea In Vivo

The celloidin peel technique was used %o deéermine the effect of the oil
applied at the 0.2 ml lével on both the conidia and mycelium‘of the fungus.
Discs were sprayed, inocculated and incubated as before. Peels were taken
at 24 and 48‘h and disease cover assessed at 8 d as usual. Results for
the effect on the length of lo, 2° and 50 hyphae at 48 h are given in Table 76
and for the effect on hyphal production expressed as a percentage of
germinated conidia given in Pig., 32, Hyphal length was measured using

conidia with at least three germ tubes.
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Fig. 31 The effect of post-inoculations sprays of fraction 22, (A + H)

component, on disease control
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Table 76 The effect of fraction 22 (A =+ 1) component on hyphal growth

Hyphal type Hynhal length % growth

(eye piece units)

Control 0il reduction
5 .
1°n 6.9 3.3 52,2
2%n 3.9 1.6 59.0
3%h 2.0 1.1 45,0

Discussion

Fraction 22 at 0.2 ml had no signigicant effect on germination whereas
by 48 h the growth of hyphae was reduced by c¢. 50 % which correlated well
with disease control which was 54.0 %. Hyphal production at 48 h was
reduced by a comparatively small amount being 13.7, 17.9 and 3%.2 % for
lo, o and 50 hyphae. Ls can be seen from these figures and Fig. §2vthe
effect on hyphal production gradually built up with the production of 40
hyphae being reduced by 88.1 %. It would appear therefore that the effect
of the oil on the hyphae was transmitted in some way to the spore which
consequently falled to produce new hyphae. The effect of the oll on the
disease would therefore be a result of both reduced growth and production

of hyphae.

J. The Phytotoxicity and Persistence of the (A + H) Compongaents of

0il Fractions on Whole Plants

At the time of this experiment there was insufficient fraction 22
availlable to spray whole plants. 'Fractions 19 and 21 therefare were used
with the Micron ULVA at the 1.0 ml levels giving déposits of 2.9 and 4.9
mg/100 cm2 respectively. The plants were kept in the greenhouse at

temperatures varying between c. 150C to 9:350C far 12 d. - At this time the

persistent activity of the oils was determined by inocculating plants using a
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Fig. 72 The effect of fraction 22 (A + H) component on hyphal production

by Sphaerotheca Fuliginea
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large Scbtling\tower; Treatment replicates were arranged randomly in an
abtempt to compensate for %a?iations in incculum level. Disease cover was.
determined by cutting 10 mm discs from inoculated leafés and assegssing these
in the usual way. Results are given in Tables 77 and 78.

Table 77 The Phytotoxicity of (A + H) components of oil fractions 19

and 22 on whole plants (% leafl area with necrotic spots)

Estimation Fraction 19 (2.9 mg/100 cm2) Fraction 21 (4.9 mg/100 cmg)

Time (d) Leaf 2 Leaf 3 ILeaf 4 Leaf 2 Leaf 3 Leaf 4
1.5 1 1 b1 1 1 1
4 1 1 5.0 1.0 2.2 2.2
8 1 1 5.0 7.0 10.0 b7
o .
.8 F.21 - Light green haloes 20.0 59.0 6.2

* see discussion

Table 78 The persistent activity of the (A + H) components of oil fractions

against cucumber powdery mildew on whole plants (% disease control)

Fraction No. Leaf No. % Control
19 2 0
(2.9mg/100 i) 3 ‘ 0
k4 0
21 2 99
(4.9mg/100 om) 3 99
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In contrast to leaf disc &xperiments where fraction 19 gave good disease
control but heavy phytotoxicity when applied immediately before inoculation,
in the present experiment there was no effect on the disease and only slight
phytotoxicity. Thus the high volatility bf the oll together with the high
temperature and open condltions caused the oil to volatilize and disperse
compietely within 12 d or at least to such an extent that any remaining had
no sigﬁificant effect on the disease. The slight toxicity on leaf 4 was
probably due to the rapid penetration and toxicity of a small amount of the
0il before it completely volatilized. The fact that this did not increase
significantly over a period of 8 d shows that the effect occurred almost
immediately. Being far less volatile than fraction 19, fraction 21 caused
much greater phytotoxicity which increased with time suggesting a gradual
penetration of the oil into the leaf tissue. With this fraction, the
light brownnecrotic spots were surrounded by haioces of tissue of a lighter
green than the rest of the leaf. These were also estimated at 8 d and as
shown in Taﬁle 77, covered a much greater area of leaf than the necrotic spots
alone. Disease control alone was almost 100 % indicating good persistence
and also a. low inoculum level since the same fraction gave very poor control

at a similar oil level in a previous leaf dlsc experiment.

The Effect of Crude Oils

Undiluted (A + H) components caused heavy phytotoxicity both on leaf
discs and whole plants. | To test thé effect of diluted (A + H) components‘
on whole plants, the crude oil fractilons 21 and 23 were used each containing
34.% and ¢.40 % of their respective (A + H) components. They were sprayed
onto half l;aves with the Micron ULVA at the 1.0 an& 2.0 ml levels giving
deposits as shown in Table 79. As the oils did not produce clearly defined
necrotic spots, phytotoxicity was assessed in terms of the chlorophyll content
of treated half leaves, discs being cut from these and determinations made as
usual. Results expressed as percentage reduction of chlorophyll centent

ave given in Table 79.
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Takle 79 The effect of crude oll fractions on the chlorophyll content

of cucumber leaves ( % reduction)

Fraction 011 level Leaf number
No. . (mg/ 100 cmg) 2 -3
4.3 ) 25.8 10.5
21
9.2 40.6 20.5
3.1 ‘ 27.7 17.S
2% '
6.9 57.9 20.2

Both olls clearly reduced the chlorophyll content of half leaves below
that of control hal¥es. Sprayved halves showed chlorotic areas which for
fraction 21 were more diffuse than for fraction 23. At the higher levels
these areas were more chlorotic and were also more pronounced on the older
leaves (leaf No.2).

Thus, even at iow dilutions, the (A + H) components still caused
significant phytotoxicity and thus could not be used in their crude state

in commercial practice.

K. The Effect of Fraction 22, (A + H) Component on Other Powdery Mildew Diseases

The effect of the oil on cucurmber powdery mildew was compared with its

effect on vine and blackcurrant powdery mildews caused by Uncinula necator

and Sphaerotheca mors-uva.e respectively, plant and fungal material for tests

against the latter disease belng obtained from R.G. Perera, Boltany Department,
Tmperial College. Discs were cut and sprayed with oil at the 0.15 ml level
as before, Inoculations were carried out using the same high incculum level
. as 2 . . e s .
for each fungus of c¢. 6000 conidia/cm . At this level large variations in

conidial inoculum density of cucumber powdery mildew had no significant effect
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on disease control. Disease cover was assessed as usual, the results being
given below.
Discussion

There was no significant difference in control based on mycelial

coverage between auy of the disease tested, the average value being 37.0 %.

SUMMARY AND DISCUSSION

The control of cucumber powdery mildew on leaf discs with BP85 at any
particular level, was dependéht upon the density of the conidial inoculum
used. At low 1nocculum leyels more than 90% disease control was obtained
with oil levels down to 0.2 ml (11.0 mg/100 cmg), results which are very
similar to those of Castellani and Matta (1964) who obtained 05,4 and 99.7 %
control with oil deposits of 8.0 and 16.0 mg/100 cm2 respectively.. At
higher levels, however, control fell off to between 5 and 10 % and even at the

high oil level of 63 mg/100 cm2 control fell to between 15 and 20 %.

Gas éil with a much lower distillation temperature than BPES gave‘greater
control whereas 150 neutral with a higher distillation temperature gave less
control. This inverse relacionship between mildew control and distillation
témperature was confirmed using the narrow distillation range, experimental
01l fractions. Disease control fell off rapidly between c. 260°¢ and 9336000
with phytotoxicity showing a similar progression. However, an attempt to
determine a mathematical relationship between distillation temperature or
viscoslty and disease control was impossible due to the high volatiiity of the
lower distillation temperature olls. The vapour of these volatile oils

were both highly fungitoxic and phytotoxic.

Other factors such as oil quality and leaf surface characteristics also
affected disease control. Thus BP85 exposed to sunlight for a few months
gave higher control than BP85 stored in the dark; the extreme hairiness of
cucumber leaves caused a larger amount of oll to be deposited on them than on

the smooth cotyledons and thus also glving greater disease control.
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BECS was persistent over a period of & d with control increasing with
length of time on the leaf before incculation. Post incculation sprays showed
the 01l to have an eradicant effect, particularly on'sporylation which was

still reduced by c. 45% even when oil was applied 7 d after inoculation.

When sporulating cultures of the fungus wefe sprayed with the oil, spore
release by alr currents was restricted though even at the high level of 35.4
mg/ 100 cm2 this was only 67 %. However, the very low level of 4.2 mg/100 cm2
still caused a 28 % reduction which might be sufficient to delay an epidemic

until environmental conditions became unfavourable for the disease.

BP85 applied to leaf discs at a rate of 63.0 mg/100 e reduced germination
by ¢. 50 %, the production of hyphae by germinating spores by c. 17° % and the
growth of hyphae by between c¢.15 and ¢. 30 %Z. The oil reduced germination
on glass by ¢. 60 % showing a slight increase in effect compared with that on
ieaf discs and exposure of the oil to sunlight increaséd its effect on

germination to 70 %.

It was suggested from the above results that the o¢il only inhibifted
germinaﬁion when conldia were completelj embedded 1in 1t. This would leave
two populations of germinating conidia affected by oil in two different ways.
The first would be in contact with the o0il, although not completely
embedded and thus the production and growth of hyphae would be slowed down.

A second group would be affected via the hyphae when these came into contact
with the oil and woula thus be slowed in growth and possibly as a consequencé,

new hyphae would be produced more rapldly.

At the very high rate of more than 90 mg/100 cmg, BP85 reduced plant
growth although at the normal level of 8 mg/100 cm2 no effect was detectable.
The oll was also found to cause membrane damage detected by increases in the

electrical conductivity of water containing oll sprayed leaf tissue. This,
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however, was only studied at the high oil rate of 77 mg/100 om2 and. suggests

that it would not be significant at normal low application rates.

The unsaturated, (A + H), hydrocarbon component: of oil fractions was
far more fungitoxic than the saturated (N + P) component. Thus, when sprayed
at a rate of ¢.7 mg/ 100 cm2 the (A -+ H) component of fraction 22 gave 91.9%
control whereas the (N + P) component only gave 3,4% control. The phytotoxi?ity
Pf these (A + H) components was also very high, causing oil soakipg, necrosis,
and a reduction in leaf disc chlorophyll content. Phytotoxicity decreased with
increasing distillation temperature although i1t was not completely eliminated.
Bven at a dilution of 20 % in BP85, the least phytotoxic oil tested (fraction 24)
still caused a 20 % reductlon in chlorophyll content. When sprayed ontolwhole
plants at a rate of between 3.1 and 6.9 mg/100 cmg, fraction 23 diluted to a
concentration of c.40 % still caused between 17.9 and 57.9 % chlorophyil
reduction. Thus the (A + H) components in their crude state could not be

used commercially.

Disease control with fraction 22 ‘was dependent upon the denslty of the'
conidial incculum used. The patiern of the effect was very similar to that
found for BPBS, though at a much higher level of activity, the threshold range
for the effect of decreasing inoculum level on disease control being between
500 and 1,000 conidia/cmg. The oll was persilstentfor a period of 7 4 though
control fell off by c. 40 % when the oil was left on the leaf surface for 2 d
before inoculation. This was probably the reason for the ¢. 26% Aincrease in
control oﬁtained by applying the oil between 24 and 48 h after inoculation,
the relatively small deposit of oil used immediately coming into contact with

the fungal mycelium when in its most active state.

When applied at a rate of 8.6 mg/100 cmgﬂfraction 22 had no significant
effect on germination on leaf discs but reduced the growth of hyphae at 48 h

by between 45.0 and 59.0 %, which correiated well with disease control of
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54,0 %. The effect on hyphal production was initially much less, being

a reduction of only 13.7 % for primary hyphae. This, however, increased with
consecutive hyphae, tertiary hyphal production being reduced by 34.7 % and

4° hyphae by 88.1 %. Thus the oil seemcd to have exerted a fungitoxic effect

on the spore via the hyphae.

The powdery mildew diseases of vine and blackcurrant were controlled to the
same degree as for cucumber mildew. Fraction 22, however, was shown in
Section I to be heavily phytotoxic when sprayed onto vine leaf discs at the

0.15 ml level. Even when diluted to 60 % in BP85 it still produced an

average of 6.7 necrotic or oil soaked spots/discs.

In conclusion, it is clear that phytotoxiciﬁy and fungitoxicity of (A + H)
components are too closely assoclated for the components to be used commercialiy.
The separation of the oil into separate compounds'or compound types, as illustrated
for fraction 21 In Section I, would be a necéssary step in any attempt to
dgtermine whether the active principle(s) was also phytotoxic. ' The facilities
for such a separation and the necessary screening procedure were not availlable

at the time.
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EXPERIMENTAL SECTION TV

THE EFFECT OF OIL ON CHOCOLATE SPOT DISEASE OF BEAN (VICIA FABA L.)

INTRODUCTION

s

Mineral olils retard the development of leaf spot diseases caused by
Cercospora sp. on banana (Guyot and Cuille, 1955), citrus (Fisher, 1961), tung
(Kilby et al.,1961) and sugar beet (Schneider, 1965), but have no measurable
efféct on those on tobacco, peanut, zinnia or gramolote grass (Calpouzos et al.,
1962). Where available, the evidence suggests that the oill controls éhe
fungus after it invades the host although no mechanism for this has been
determined. Thus the effeect of ocils on plant diseases seems to depend on the
specific characteristics of the host/parasite relationship rather than on the
fungal genus., Manning (1968) suggested tﬁat the effect of o0il on Sigatoka
leaf spot of banana might be to induce changes in the host plant that lead to
the production of phytcalexin-like substances, which act agéinst the pathogen and
so control the disease. -Calpouzosf(l96}) showed that banana leaf tissuve, which
was physically wounded, became inhibitory to the growth of the pathogen and
other fungi after 48h. Corke and Jordan (1962) found some evidence of injury
in o0il treated banana leaf tissue which was not visible to the naked eye. It
was guggested by Manning (1968) the%efore, that under normal disease control
conditioné tﬁe oilris sufficiently phytotoxic to induce fungitoxic compounds

without causing too much loss of leaf function, and in this respect if}may be

significant that increased disease control 1s paralleled by increased phytotoxicity.

Thé foect of phytotoxic oils on plant cells was studied by Van Overbeek and
Blondeau (1954) who proposed that>within any hydrocarbon configuration series of
increasing molecular size, the‘smaller molecules would disrupt the plasma membrane
more than larger ones. Much less disruption would occur with molecules as large
as those in banana spray Oilé, but it might be sufficient to cause the production

of fungitoxic substances.
R [}

The evidence for the induction of inhibitory substances by physical damage

15 ' ) .
i controversial, Sondheimer (1957) reported that carrots which had acquired a
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bitter off-flavour due to prolonged cold storage after harvest accumulated
the compound, 3-methyl-6-methoxy-8-hydroxy-3,4-dihydrdsocoumarin.  The same
compound was shown by Condon and Kue (1962) to be produced after inoculation with,

and to be fungitoxic to Ceratocystis fimbriata. The production of the compound

was not a specifiec response and microscopical observation indicated that its
production may have been proporticnal to the extent of penetration by the fungus.
Thgy also reported, however, that the production of the compound by partly
iméersing fresh uninoculated root discs in aqueocus sclution at room temperature

was only c. 2% of that ini%éted.by inocculation with C.fimbriata. Cold temperature

treatment was also used by Bell (1967) to produce fungitoxins in the wound sap

of Phaseclus lunatus, Leaves and stems were frozen to —EOOC and then the

sap collected, thawed, and incubated at EOOC. Ether-extractable, ultra;violet—
absorbing compounds accumulated rapidly and after 10 min accumulation was more than
80% complete, with little or none accumulating after 30 min. At the same time
there ﬁas a rapid, corresponding increase in toxicity of the wound sap to Uromyces
phaseoli , Simiiar, though smaller accumulations were produced by comminution

of the leaves and stems with water in a blender with filtration of the resultant
liquid and subsequent incubatiomn. Passing the material throﬁgh a food grinder
prodﬁced accumulations similar to those pfoduced by freezing. Akazawa et al,
(1960) showed that sweet potato roots produced the phytoalexin ipomeamarone as a

result of injury by the weevil, Cylas formicarius elegantulus. Two coumarin

derivatives which had also been observed in fungal infeclted tissue were also
produced. Ipomeamarcne was produced in the healthy tiésues which had turned
brown around the tunnel-like cavities produced by the weevil. The yield,
however, was‘less than that from fungal infected tissue. Cellular damage to
beaﬁ (Vicia faba) was shown by Deverall and Vessey (1969) to cause the production
of the phytoalexin, wyerone acid. Leaves were injurgd by pin pricks, a wooden
rod (4g) dropped from a height of % cm, and a metal rod (11.4g) dropped from a
height of 10 cm, Bio-assays of the ether soluble acid ektracts of the leaves

showed that phytocalexin was induced, with highest yields from leaves showing brown

marks after damage by the wooden rod. These extracts gave a 78.%% reduction in
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germ-tube growth of Botrytis cinerca as compared with growth Iin control water

phase of extracts. The metal rod caused severe damage visible as transparent
areas and extracts of this tissue gave only a 47.8% reduction suggesting that
many of the cells were killed, thus preventing them Trom making an actltive
response lo damage. Extracts of pin pricked tissue gave only a 17.4% reduction, verw
1little browning having been Visiblé in the tissue. Thé.same report showed

that on infection of leaves by B.cinerea extracts of the tissue heneath the
inoculation drop also gave a 78.7% reduction in germ-tube growth of B.cinerea

as compared with extracts of healthy tissue. The latter result was, however,
determined in a different experiment from that concerned with injury, and thus
‘the sensitivity of the fungus to the extracts may have varied. No guantitative
measurements of wyerone acid were made. In coﬁtrast, Cruickshank and Perrin
(1963,1971) found no difference in the production of the phytoalexins pisatin

and phaseollin between endocarp tissue of pea (Pisum sativum) and bean (Phaseolus

vulgaris) fespectively, which had been sgérified in situ., and control tissue.
In many of thése reports, however, rather crude methods were used to produce
wounding, and it may be that the oil, after it penetrates the leaf tissue, might
come into such intimate contact with plant cells as to be capable of produclng

high . .levels of phytoalexin without showing any signs of visible injury. .

Chocolate spot of bean (Vicia faba) is an example of a disease in which the
role of the phytoalexin{ wyerone acid, has been studied (Deverall and Vessey, 1969;
Letcher et al., 1970; Mansfield, 1972) and one in which there s evidence,
as described above, for théAinduction of the phytoalexin by physical damage. 1t
was thus a conveniept disease with which to test the above hypothesis, However,
initial experiments which were carried out to determine the effect of BP85 0il on
the disease showed that the lesions spread more rapldly on oil treated leaves
than on control ieaves. Tater experiments were therefore carried out to
investigate the effect of the oil in increasing the spread of the disease Pather

than in controlling it.



RESULTS

A, The Effect of BPE5 on Chocolate Spot

The phytoalexin, wyerone acid, i1s produced in Bean leaves on infection by

both Botytis fabae and B.cinerea. B.fabae, however ls less sensitive and is

able to metabollze the phytoalexin and so cause 1e§ion spread whereas B.cinerea

is more sensitive, unable to metabolize it and rarely produces spreading lesions
(Mamsfield,’1972). According to the proposed hypothesis therefore the oil

would induce the production of larger amounts of pnytoalexin than normal, and thus
reduce the rate of leéion formation and spread by B.fabae. The hypothesis was

tested in the following experiments.

1. The effect on leslon production and spread by B.fabae

Detached leaves were sprayed with BP85 at levels of 0.4 and 0.8 ml as

described previously, and left for 20 and 68h before inoculation to allow the

oil time to act on leaf. Inoculations were carried out as usual and lesion
formation accorded at 24h after inoculation. Lesion spread was observed at 24,

48 and 96h ad graded as a, b or ¢ as described previously. Tt was noted that
lesions dried more rapidly on oil treated leaves and this waeg also recorded.
The results are shown in Tables 80 and 81 with'representative leaves illustrated

in Plate 9,

Table 80 The effect of BP85 on lesion formation by B. fabae

P

Percentage of inoculations producing lesions

Pre-inoculation 0il level {(ml)

spray time ' 0.4 0.8
(h) Control 0il Control Qil
20 .97 100 100 100

68 a7 98 97 98




Table &0 cont.

Percentage of dry inoculation drops

Pre-inoculation 0il  level (ml)
spray time 0.4 0.8
(h) Control 0il Control 0il
20 3 7 5 3
63 0 15 0 70
Table 81 The effect of BPB5 on spread of lesions of B.fabaé

(Percentage of lesiong in grades)

24h incubation

Pre-inoculation 0il 1level (ml)
0.4 0.8

spray Control 01l Control Qil
time Lesion spread grades
(h) a b e abc¢cabc abe
20 7 0 0 70 0 0 3 0 O 57 30 0O
68 200 0 7817 013 0 O 565 7

48h incubation

) 20 80 0 178 08 0 0 20 82 0
68 92 0 0 1387 073 0 © 585 0
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Table 81 conkb.

Qfh incubation

20 298 0 07020

0 92 70 0 37 63
68 095 5 26570 58 0 04258

Discussion
The oil treatments had no significant effect on lesion production although

with the 68 h pre-treatment a significant nurber of inoculation drops had dried.

This wés much more marked at the 0.8 ml level than at the 0.4 ml level. It

would seem likely, therefore, that either the cil per se. or the oil iﬁ combination

with the fungus, had increased the permeability of the leaf so that the water

was absorbed by the leaf.

Table 81 and Pla® 9 clearly show that the effect of the oil on the disease
wag to increase the spread of lesions. Although by 6 d there were no clear
differences bhetween control and oll treated leaves, on leaves where all the
lesions had coalesced the area of the lesions were clearly visible on céntrol
tissue, whereas on oll treated tissue they were :ompletely indistinguishable
from the rest of the blackened tissue, Thus, when measured at 24 h or later the
oll treatments did not reduce the rate of lesion formaticn or spread. It was
possible, however, that the o0il may have had an effect alt a much earlier stage
of lesion formatiocn. Thié was studied in the following experiment together with

the effect of lower spore concentrations.

2. The effect of BP85 on lesion formation using low spore concentrations

Leaves were sprayed with BPES at levels of 0.1 and 0.% ml, as the previous
experiment showed that higher levels increased lesion spread. The oil was left
on the leaves for 48 h when they were inoculated with B.fsbae at concentrations

A
v

U
of b x 107 and 5 x 10' spores/ml using 2 Pl drops and ten drops per half-leafllct.

The effects of the two spore concentrations were compared on the same leaf whilst
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the effects of the two oil levels, applicd either to the upper or lower leaf
surface, were compared on separate leaves. 40 inoculations were used for each
treatment Tesion formation was greaded according to the scale from C to S5
illustrated in Fig.4 and recorded at 10, 16, 22, 34, 58 and 82 h after
inoculation, The appearance of lesions were recorded both on the upﬁer and

lower leaf surfaces. Results are shown in Table 82 and Figs. 33, 34 and 25.
g

Table 82 The effecct of BR85S on lesion formation at low spore concentraotions

and oil levels (Percentage of inoculations in grades)

N
5 x 10" spores/ml; upper surface spray; 0.1 ml oil level

Lesion Time after inoculation (h)

grades 10 16 22 3l 53 82

cx O** C 0 C o C 0 ¢ 0 ¢ 0

F+ 75 53 68 70 50 30 10 8 5 0 5‘ 0
F++ 18 20 30 23 5055 33 8 10 3 15 O
Foibt 0 0 O 0 0 3 55 68 65 45 45 %0

S1 0 0 o0 0 0 0 3 10 20 53 55 70

-
5 x 10”° spores/ml; upper surface spray; 0.1 ml oil level

P+ 30 %3 58 55 6065 45 25 - - - -
Ft-+ 0 0 0o 0 3 0 15 23 - - - -
Frt++ 0 0 o o 00 82 - - - -

i
5 % 10 spores/ml: upper surface spray; 0.3 ml

F+ 50 50 5% 53 3% 38 13 15 0 0 O 0
T+ 18 15 0 25 4840 5 10 10 3 5 0
Tt 0O 0 0O 0 515 65 4% 70 30 85 25

Sy 0 0 0O 0 0 0 0 25 15 68 5 75
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Fig., 35 The effect of BPB5 on lesion formation by B.fabae
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Fig., 34 The effect of BP85* sprayed on upper leaf surface on

lesion formation*¥* on both surfaces
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35 The effect of BPE5* sprayed on

lower surface on lesion

formation** on both sidefs_
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Table 82 cont.

H x 10) spores/ml; upper surface spray; 0.5 ml

P+ 1o 25 60 43 5880 15 13 - - -
Pt O 0 0 0 5 0 35 25 - - - -
F+ o 0 0 O 0 0 18 28 - . - -
* ¢ = control; *¥%¥0 = 01l

Discussion

Even with the low spore concentrations used, BP85 did not produce any
significant inhibition of lesion development. The most noticeable effect of
the experiment was tihe inoreasé In lesion development at the highest inoculum
level (5 x lOlJr spores,/ml) and oil level (0.3 ml) used as shown in Fig. 73.
There was no significant difference between controls and oil treatments for
P+ and F++ lesions or for F+++ lesions up to 22 h. At 34 h there was a
larger percentage of F+++ lesions on control leaves ihan on o0il treated leaQes
whereas there was a signifioanfly higher percentage of Sl lesions on oll treated
leaves than on control leaves. 'At 53 h the difference in F+++ lesions was
also significant with the difference in Sy lesions increased, these results
being even greater at 8 h., This is clearly shown in Fig. 2% which élso
shows that the oil had no effect on the appearance of lesions on the lower leaf
surface. This localization of the effect of o0il to the surface to which it was
applied waé also shown, though to a lesser degree, by applying oil to the lower
surface and inoculating the upper suriface, the results being shown in Fig. 35.

This effect was studied further in the next experiment.

3. A comparison of the effect of oil applied to the upper and lower leaf surfaces

Leaves were sprayed with BP85 at the 0.8 ml level to ensure a large effect.
Leaves were sprayed cither on their upper or lower surfaces with, in each case,

the upper surface being inoculated with 10 x 5 pl drops of a suspension of

5
5 x 107 B,fabae spores/ml. Lesion development was cbserved at 24 and 48 h.
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Teslon formation was difficull to assess using the grading system due to
the irregularity of the drying of inoculation drops and the irregular nature
of the lesions. At 24 h many of ths oil sprayed leaves were heavily transluscent
in the area of the inoculation drops even through there was no obvious darkening
of the tissue. Leaves with oil applied to their upper surfaces showed mucﬁ
more lesion spreading fhan the controls,but lesion development through to the
lower surfacé of oll treated leaves was slightly less than on control leaves.
Leéve& with oil applied to the lower surface showed very clear transluscent
areas on the lower surface when held over a light background. These areas
appeared almost black when viewed without any 1igﬂting from the lower surface,
and yellow when viewed from the upper surface. They eventually turned browvn

and finally black,and would seem likely to have been the cause of the spreading

on oil treated leaves recorded in previous experiments.

In all replicates it was clear that only when the oil was applied to the
lower leaf surface were the translugcent areas vislble on that surface. It was
also clear that inoculation drﬁps dried rore rapidly on oll treated leaves than
on ooﬂtrol leaves as found previously. This was more pronounced when the oil

was applied to the lower surface than when applied to the upper surface.

By 48 h the increased spreading of lesions on oll sprayed leaves was very
clear and although there was much more infection on the upper surfaces of leaves
sprayed with oil on thq same surfaces than on control leaves, there was no
difference in lesion development through to lower leaf surfaces between oil
treated and control leaves. The blackening of the‘iower leaf surfaces of leaves
infected.on thelr upper surfaces,but sprayed on their lower surfaces was again
very clear.

The translu$cen£ areas were clearly produced by the oil in combination
with the fungus, as neither the infeétion controls or water drops on oll treated

leaves produced these symptoms.

4, Effect on infection by B.cinerea

Previous experiments showed that BP85 increased the rate of development by

B.fabae lesions,though by 6 d there were nco significant differences between
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control. and oll treated tissue.,  As B.einerea does not normally produce
spreading lesions it was of interest to see whether BPE5 would cause this fungus
to spread. In this case the difference between control and oil treated tissue

should be maintained indefinitely.

Leaves werc sprayed with BP85 at the 0.4 and 0.8 ml levels on their upper
surfaces. After 60 h each leaflet was inoculated with 10 x 5 Pl drops of a
suspension of B, cinerea spores (5 x lOB/ml) as before. Lesion development was
récorded on both upper and lower surfaces at 48 h and on the upper surfaces at
5 d. Results are shown in Table 83.

Table 83 Lesion development by B.cinerea on oil sprayed and untreated leaves

at 48 h and 5 a

(Percemtage of inoculations in grades)

48 h - Upper surface

Treatment Infection grades

C Pt P Frbr 8 8, S5 8 &
0.4 ml oil 3 8 2 30 28

untreated 58 8 20 30 4
0.8 ml oil W 12 6 18 42 8

untreated 2 38 20 38 2 0

48 h - Lower surface

0.% ml oil 62 o 36 )
untreated 84 14 2 0
0.8 ml oil 3 12 34 2

wtreated 84 10 6 0




Table 8% cont,

5 d ~ Upper surface

0.4 ml oil 26 6 2 o) 2 4 12 36 iz

untreated 20 18 18 34 10 0 0 0 0

0.8 ml oil 0 0 2 0 0 O 0 62 36

untreated 8 0O 20 40 12 12 o 8 0
Discussion

By 48 h a significantly greatér number of B.cinerea lesions had spread
on oil treated leaflets than on control leaflets. That this was true
spread and not caused by spreading of infection drops was shown by observations
on the lower surfaces of leaves. Lesion development through the oil sprayed
leaflets and onto the lower surfaces was significantly greater than through
control leaflets.

By 5 d a few more B.cinerea lesions had spread on control leaflets but
a significantly larger number of 1ésions on oil treated leafletg had spread
and coalesced so that almoét the entire leaflet was blackened. Also, a large
proportion of the oil sprayed leaflets showed considerable oil soaking in and

between inoculated areas.

B. The Effect of (A + H) Components of 0il Fractions on Chocolate Spot

In Section I and II it was shown that the (A + H) components of experimental
oll fractions were the most effective types of oils tested for the control of
powdery mildew diseases and downy mildew of vine. It was of interest therefore

to determine whether these oils would control chocelate spot.

Detached leaves were sprayed with the (A + H) component of fraction 2% at
the 0.15, and 0.30 ml levels. They were inoculated with spores of B.fabae
and incubated as before. Lesion development was recorded at 15 and 48 h after

inoculation, results being given in Table 84,
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Table 34 Lesion development by B.fabae on leaves sprayed with

Fraction 2% (A + I1) Component

( % inoculations in grades)

15 h
Treatment Infection grades
¢c F P+ P+ FH+ BF O BC 8 8, S,
2
0.15 ml oil 4 62 o5  10. 0 0 0 0 0 0
untreated 5 54 27 14 0 0 0o 0 O 0
0.30 ml oil 5 53 16 23 0 0 0 o0 0 0
untreated 7 63 13 17 0 0 0 0 0 0
418 h
0.15 ml oil 2.0 2 2 0 2 6 81 2 0
untreated 0 0] 2 0 0 0 2 87 9 0
0.30 ml oil 0 0 0 5 5 16 0 40 26 0
untreated = 11 O 0 0 0 7 2 57 22 0

Discussion
The oil treatments did not produce any significant reduction in lesion

development.



SUMMARY AND DISCUSSTON

BPES 01l had no effect on lesion production by B.fabae cxcept that a
significantly greater number'of inoculation drops dried on oll treated leaves
than on corntrol leaves. It is suggested that the oil per se., or in
combination with the fungus had increaged the permeability of bean leaves to water.
The(rate of ‘lesion development and spread, however, was significantly increased
5

on o0il sprayed leaves. Even using low concentrations of 5 x 10 and 5 x 16

spores/ml, no significant inhibition of lesion development was found.

The effect of BP85 on lesion development was localized to the surface on
which it was sprayed. Thus although c©il sprayed on upper leaf surfaces increased
the rate of development and spread of lesicns, development through the leaf was
only increased when the oil was applied to the lower surface znd in this case
there was no difference in lesion spread on upper leaf surfaces. Leaves
sprayed on their under surfaces showed very clear transluﬁcent areas when
viewed from below whereas when sprayed on their upper surfaces no tfansluﬁcent
areas were visible indicating a greater susceptibility of this surface to oil.
Tranélufcent areas developed often before lesions had formed and eventually
turned brown and finally black. Whether this whole blackened areé was due to
the presence of the fungus or possibly to fungal metabolites was not determined.
It was clear, however, that the initial translugcency was due to a combination
of the effect of fungus plus oil as neither water drops on oil sprayed leaves

or incculation drops on unsprayed leaves produced this effect.

If any fungitoxic substances had been produced in the leaf by the action
of the o0il they were either not produced in sufficient quantity and/or too
rapidly metabolized by the fungus to retard its development. It may be, however,
that the balance between fungus and host is so much in favour of the former, as
showﬁ by the rapid development of lesicns, that any fungitoxic substances induced
by the o0ll are counteracted by heavy damage to the leaf caused by a combination‘
of fungus plus oil. It was not clear from these experiments whether any
undetected damage caused by the oil might have enabled the fungus to penetrate

and spread more rapidly, or whether the presence of the fungus, on or penetrating
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through the leaf surface, also enabled the oil to penetrate, and then either
damaged host cells by its own action or in combination with fungal mctabolites.
It may be that the oil causes nutrients to be released by increasing Jeaf
permeability. Thus Sol (1968} showed that pretreating bean leaves with
decenylsuccinic acid, which increases cell ﬁermeability to water, increased the
number of lesions produced when inoculated with spores of B.fabae. This increase
was partly attributed to an increase in spore germination associated with a
greater concentration of sugars and amino acids in leachates. Deverall and Wood
(1961) also showed that simple sugars particularly glucose, increased the number
of lesions produced by B.fabae on bean leaves. Thé ability of oils to produce
an increase in permeability of plant cells was shown by Van Overbeek and Blondeau
(1954). They used isolated beetroot cells to test the effect of pure
hydrocarbons on the release of~cell pigments. The smaller molecules produced

a éreater release than the larger ones’but with those present in plant spray
oils, very ;ittle effect would be expected. Thus the effect of BPE5 ber se.

on bean leaves would be very small and it would seem more likely that the main

effect of the o0il would be after penetration of the leaf by the fungus.

BP85xélso caused lesions of B.cinerea, which normally remain limited to
inoculation areas, to spread between these areas and through the leaf to the
lower surface. Thus the effect of wyerone acid, which normally restriets the
growth of B.cinerea (Mansfield, 1972) had been overcome. It is unlikely that
this was due to the release of simple nutrients such as sugars as these have
been shown not to cause B.cinerea lesions to spread (Purkayastha and Deverall,
1965). It has been shown, however, thét the waler soluble extraclts of bean pod
diffusates do cause lesions of B.cinerea to spread (Mansfield, 1972), although
extracts from leaves have not been tested. Further experiments would therefore
be necessary to determine whether the oil, after it péhetrates the leaf, causes
_a similar release of substaices and whether this release, if it does occur,

1s mediated either by the oil alone or in combination with the fungus.
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GENERAL  DISCUSSION

The failure of a highly refined mineral oil such as BP85 to coﬁtrol
chocolate spot adds not only to fhe increasing list of diseases not . controlled
by oii‘but also to those diseases whoseyseverity is increased by oll sprays.
These are mainly diseases of banana in areas where oii has been used for many

years to control Sigatoka leaf. spot caused by Mycosphaerella musicola. This

disease is being gradually replaced by black leaf streak (BLS) caused by

a. very virulent mutant of M. musicola, named M.fijiensis (Le@oh, 1064) against
which, oil sprays'are far %eés effective; Spray trials against this disease
carried out by Firman and Hoskin-(1970) showed thaf‘although there were no
differences in the yield of the 'plant' crop, between maneb in water, maneb

in oil-water emulsion and oil-water emulsion alone, maneb in water gave much
better disease control and leaf survival, the oil seeming to have had an adverse
effect on fruit quality but not on piant growth, They also suggested that the

0ll may even increase diseases caused by other fungl eg Haplobasidium musae,

Cordana musae, Uromyces musae and Chlorid.um musae which are sometimes

important. Long (1970) found that misting oll sprayed alone, significantly

increased both the number and size of Cordana Leaf spots, a maneb-oil-water
mixture causing a similar increase in leaf spot size but not in number of

infections. Increases in incidence and severity of Cordena Leaf spot and

black spot caused by Deightomella torulosa were also reported by Leach (1959)

and Meredith (1961,1962) and leaf spéckle caused by Chloridium masae (Meredith,
1963).  Firman (1971) repértediMalayan leaf spot (MLS) caused by Haplobasium
musae tc be potentially serious in FiJi particularly in locations receiving
low sunshine hours, bananas being sprayed with oil liable to severe infections.
During spray trials against BLS it completely replaced this disease causing
very rapid leai loss. On plots receiving ;o oil MLS appeared late and was
never severe, BLS remaining the major disease.

Thus in addition to the original reason for changing over from oil alone_
to oll plus fungleide for contrﬁl of Sigatoka leaf spot; which was the reduction

&
in yield caused by the oil, and the increased risk of phytotoxicity on young
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plants, or plants Brown in conditiong of drought or near droughl, the increased
occurrence and severity of other diseasss due to oil spraying is begimning{to
assume some importance. As Meredith {1970) has pointed out, there seems little
doubt that for Sigatoka disease control low volume agueous sprays would have
come Into general usage had oil sprays not been discovered. At present, however,
the disadvantages of using oll have not prccluded its use altogether and moreover,
it has been found that the effectiveness of the systemic fungicide benomyl 1is

increased when applied as an oil-water emulsion (Long, 1971). In this case the

0il seemed to be acting synergistically with benomyl to control the disease.

"The symptoms of increased severity of chocolate spot causedﬁb§ oll sprays
described in the present work are similar to those described by Firman (1971)
for MLS. Lesions were surrounded by a distinctly water soaked area often
several times the size of the iesion and extending parallel to the Veins
merging with similar areas from adjacent lesions. The inability of oil to
control chocolate spot is perhabs not surprising in view of the coincidence
pointed out by Calpouzos (1966) between the two diseases Sigatoka leaf spot and

greasy spot of citrus caused by Cercospora citri-grisi, both of vhich are

controlled by oll and also have relatively long incubation periods, the
relationship between host and pathogen being thus finely balanced.' Chocolate
spot, however, has no incubation period inside the host leaf, the host -

pathogen bslance belng very much in favour of the latter.

A possible mechanism of action of oil in controlling Sigatoka leaf spot
has been discussed previously in relation to both chocolate spot and vine downy
mildew, This involved the supposition that the o0il induced the production of
a phytoalexin or phytoalexin~-like compounds which inhibit the growth of the
pathogen in the leaf. A detailed study of the action of oil on the life cycle
of M.muslcola by Stover and Dickson (1968) showed that only in a few cases
(20% or less) was pathogenesis completely stopped whilst in the majority of
cases the effect of o0ll was to increase thg incubation period and generation
time, This does not conflict with the phytoalexin hypothesis as the limited

data avallable suggests that the ability of leaves to produce phytoalexins
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decrcases as leaves senesce (Bailey, 1969). This provides some circumstantial
evidence for the involé%ent of phytoalexins in the control of vine downy

mildew with an unsaturated oil fraction,where control decreased slightly with
leaf age. Whether repeated oll applications to banana leaves completely
inhibit Sigatoka leaf spot symptoms and thus maintain the ability of old léﬁyes

to keep the fungus in check has not been determined.

An interesting fact noted by Stover and Dickson (1968) and perhaps relevant
to the control of vine downy mildew with BP85 in field experiments reported
herein, was that they consistently obtained a partial inhibition (up to 44%)
by oil‘sprays of gérmination of spores of M.musicola on leaves in the field,
whereas no inhibition-was obtained under laboratory conditions. This might
partially explain the results obtained with BP85, the wide.variation in control
from leaf to leaf being paralled by a similar variation in the control of

Sigatoka leaf spot.,

The results of tests against cucumber powdery mildew show that refined
mineral oivc such as BPS5 are of little use against the disease except at very
low inoculum levels. Increased disease control was found for saturated oils
with lower distillation temperatures than BP85 but commgrcial control would only
be possible with olls of such low distillation temperatures as to be too vdlatile
and cause too much phytotoxicity to be of any use. Although good control was
obtained with unsaturated oil fractions, phytotoxicity was high. This also
applied to vine downy mildew, the difference in phytotoxicity between the most
active fraction showing minimal phytotoxicity on leaf discs, and on intact

leaves in the greenhouse being considerable.

The complexiedty of oll fractions as shown by mass spectroscopy is very
high and it has yvet to be determined whether the fungitoxic and phytotoxic

properties of these fractions are due to separable constituents.
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APPENDIX I PHYSICAL CONSTANTS OF OILS

A, The (A + H), (N + P) and Wax Content of Experimental Crude Oil Fractions

These were determined as described previously and are shown in Fig. 36

with the (N + P) components given minus their wax contents.

B, 01} Viscosity

1, Widg distillation range oils

The viscosities of gas oil, BP85 and 150 Neutral have been given previously
in’Table 3 (p.32). Figs.37 and 38 show the variation in viscosity with
distiliation temperature and variations in the viscosity of each oil with

working temperature.

2. Experimental oil fractions

Viscosities of components‘bf'oil fractioné were determined at 37.800
as described on p.40, the viscosities of (N + P) components of fraction é2
and.24.being tested minus their wax contents as the was was solid at room
temperature. The results are given in Fig. 39 except that there was insufficient
(A + H) component of fraction 24 for an accurate determination. A rougﬁ
.estimate was obtained by using half the normal quantity of oii required for the
viscometer, and allpwing the 0il to run about half its léngth.' Multiplying
this by two gave a very rough tiﬁe estimate and thus a rough viscosity

estimate of 72 centistokes.

Estimates of the viscosities of the diluted (A + H) components of oil
fractions at c. EOOC using the pipette method described previously are shown

in Fig. 40.

C. 0il Volatility

The volatility of gas oil, BP85, 150 Neutral were tested together Qith‘the
(N + P) components of experimental oil fractions 13, 16, 19, 21, 22 and 23 and
the (A + H) components of fractions 16, 19, 21, 22 and 23. Determinations
were carried out as described on p.U40 and volatility, expressed as weight loss,
plotted against time in Figs. 41 and 42, and the relationship between percentage

volatility and 50% distillation temperature cf ¥F.19, 21 and 23 (N + P) components
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Fig, 40 Viscosities of diluted (A + H) components of experimental
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Pig. 45 Potter Tower calibraticn with (N + P) components
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Pig. 47 Calibration of field spray application rate using
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in Fig, 4%, TFractions 13 ang 16 volatili%ed within 24 h and were therefore
not included.

Deposit rates for each oil used were determined by spraying pre-weighed
circles of aluminium folil of known area. For P85 there was no difference
in deposit between the side arm and pipette methods described on p.li2. Results
'for thetformer are shown in Fig. 44. Deposit rates for the (N+P) components
of oil fractions also using the side arm method are shown in Fig.45. The
(A + H) components were sprayed using the pipette method, results being shown
in Fig. 46, Best straight lines have been drawn although statistical analysis
has not been carried out. The difference between deposit rates on aluminium

foil and cucumber leaves are shown in Table 59 (pi56 ). Values for vine

were not determined.

Commercial deposit rates were determined for vines in France as described
on p.47, results for BP85 and 150 Neutral being given in Pig. 47 (results
for Gas cil were very erratic and are therefore not included except for the
10 1/ha application rate which gave an average of 4.0 mg/100 omg). The actual
rates sprayed varied from the desired values (10,730 and 60 i/ha) butlhave been
converted for clarity. Statistical analysis of straight lines has not been

carried out.

During work in France it was found that the angle at which the Minimicron
was held made a large difference to the amount of oil deposited on either side
of the vine leaves. It ﬁas held either (1) at knee height and the oil spray
directed obliquely at ﬁhe foliage or (2) as closgyas possible to the ground with
the spray directed upwards into the leaf canopy. 01l deposits ﬁere determined
using pieces of aluminium foil attached to both upper and lower leaf surfaces,

results using BPS5 being given in Table 85. The application rate was c¢.30 1/ha.

2
Table 85, Variations in oil deposit (mg/100 cm ) on aluminium foil

{attached to upper and lower leaf surfaces) with spraying angle

Spraying Upper Lower

angle surface surface

omren®



Table 85 cont.

n
o

(1)
(2)

11.5

2.8

4.5
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APPENDIX II STATISTICAL ANALYSIS

Analyses were carried out on all experiments except with downy mildew of
vine where sporulating leaf discs were grouped into sporulation density
grades (Tables 10,16 and 17). In most experiments least significant differcnces
(L.S.D's) were calculated by analysis of wvariance. Where values for di=sease
control and phytotoxicity are given ih terms of percentage leaf area affected,
L:S.D's were calculated for Horsfall-Barratt grades, since in this grading
system, all grades have equal significance whefeas percentages do not. Thus
whereas mid-points for grades 2 and 3 differ by only 3%, those for grades 6 and
7 differ by 25%. \

In experiments on chocolate spot, the same experimental design was used
throughout, Ias and Hamley (1956), having shownthere to be no statistically
significant difference bhetween the ability of opposite leaflets of a bifoliate

pair to form lesions. Each replicate consisted of one oil sprayed leaflet

and one control leaflet. Analyses of differences between controls and treatnients

were determined using the paired sampiée ‘'t' test.
Examples of analyses carried out are given below.

1. Germination of sporangia of P.viticola as affected by collection method,

collection time and humidity (p.55, Table 5)

Analysis of variance (A.0.V.)

D.F. S.8. M, S. V.R,
Treatments 11 28708.9 2609.9 420 %%
Error 36 223.5 6.2
Total 47 289324

Least Significant Differences (L.S.D's) ~ % germination

3.6 (P =0.05); 4.8 (P =0.01); 6.3 (B = 0.001)
Standard Error (S.E.) of treatment means = B 1.25%

2. Effect of fraction 22 components and BP85 on vine downy mildew -

sporulation grades (p.65, Table 15)




A.0.V.

D.F S.8. M. S V.R
Treatments % 26.10 8.70 D5, GR**
Error ' 68 23.40 0.34
Total _ 71 49,50

L.S5.D. (Grades)

0.38 (P = 0.05); 0.51 (P =0.01); 0.66 (P = 0.001)
S.E. of treatment means = T Q.14

2. Effect of fraction 21 components and BP85 on vine downy mildew - no.

of sporangia/disc (p.85, Table 27)

A.0..
D.F, S.5. M.3. V.R.

Treatments 3 789,9 26%3.%  1B7.9x%%

Efror 8 15.3% 1.9

Total : 11 805.2

_'7
L.S.D. ((x 10 )sporangia/disc)

2.55 (P = P.05); 3.71 (P = 0.01); 5.57 (P = 0.001)
S.E. of treatment means = * 0.80 x lO3 sporangia/disc.

4, Effect of BPB5 o0il components on cucumber powdery mildew, third arrangement-

Horsfall-Barratt grades (p.1%6, Table 50)

A.0.V.
D.F. S.S. M. 8. V.R.
Treatments ' 12 137.% 11,44 54, 5
Error 117 24.8 0.21
Total 129 162.1
Grade averages
0il level BPE5 BPES BPS5 BP85
(m1) (W.0.) (N + p) (0) " (R)
0.4 0.8 9.8 8.7 10.2
0.8 8.6 . 8.9 8.4 9.8

1.2 8.5 . 8.4 8.1 9.0




Control = 12,0

L.38.D. (Grades)

0.4 (P = 0.05); 0.5 (P =0.01); 0.7 (P = 0.001)
S.E. of treatment means = t 0.1

5. Comparison of BP85 with gas oil and 150 Neutral for control of cucumber

powdery mildew - Horsfall-Barratt grades {p.138, Table 52)

A.0.V,
D.F. S.8. M. S. V.R.
Treatments 9 665.6 .0 2LTx%*
Error - 90 27.4 0.30
Total | 99 693.0‘
Gfade averages
0il level Gas _ BP& 150
(ml) oil Neutral
0.4 8.6 9.8 10.6
0.8 6.8 8.8 9.8
1.2 2.0 ] | 8.3 9.7

Control = 12.0

L.S.D. (Grades)

0.5 (P = 0.05); 0.7 (P = 0.01); 0.9 (P = 0.01)
S.E. of treatment means = To.2

6. Effect of BP8§ on germ tube growth - eye piece units (p. 165 Table 66)

A,0.V.

D.F. S. 8. M. S. V.R.
Treatments 5 27.19 5,44 DTO% ¥
Error 18 0.37 0.02

Total 23 27,56




L.S8.D. (eye picce units)

0.2 (P =0.05); 0.3 (P =0.01); 0.4 (P = 0.001)

(
S.E. of treatment means = T 0.07

7. Effect of BrGh sprayed at 0, 5, 11, 24 and 36 h after inoculation on

hyphal production by Sphaerctheca fuliginea in vivo - % of germinated

conidia (p.168, Fig.19)

A.0.YV.
D.F. 8.8 M, 8, V.R.
Treatments 29 113416 3010.8 1k, 8wxx
Error | 390 24722 27.0
 otal ' . 119 115848

L.3.D. (%)

7.3 (B =0.05); 9.6 (B =0.01); 12.4 (P = 0.001)
S.E. of treatment means = *

2.6%

8. Effect of (N+P) components of oil fractions on chlorophyll content of

cucunber leaf discs - D at 665 mp (p.187, Fig.27)

A.0.V. -

D.F. S.8. M. S. V.R.
Treatments 18 281806.1 15655.9  22,0%%*
Error 247 175692.2  711.3
fLotal _ 265 457498.%

D

. L.8.D, (= at 665 mu)

0.020 (P = 0.05); 0.026 (P = 0.01): 0.034 (P = 0.001)

S.E. of treatment means = - 0.007

A
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9. Effect of sunlight on the in viilrc toxicity of BPE5S to Sphaerotheca

fuliginea - % germination (p.174 )

Treatment means (% germination)

0il level 0il in  0il in
(ml) ~ dark sunlight
0.4 41.5 37.7
0.8 29.3 23.5
1.2 o2 16.5

Control = 56.8

A.0.V

D.F. S.S. M.é. V.R.
Treatments : 3 4610.7 15%6.9 158, dxwx
Errof : 2k 232.8 9.7
Total ' 27 484%.5

4.5 (p = 0.05); 6.2 (P =0.01); 8.3 (P = 0.001)

S.E. of treatment means = ~ 1.6 %.



