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Biological Effect of Two Strains of Microorganisms
Antagonistic to Botrytis Cinerea : Causal Organism of

Gray Mold on Strawberry ,
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Abstract

Trichoderma sp. (strain CI306) and Bacillus amyloliquefaciens ( strain GAl) bave
shown antagonistic effect against Borrviis cinerea. These sirains were formulated in an
mvert emulsion (water - 1n - oil). Conidia of strain CI306 or endospores of strain GAl were
firstly suspended in water, then introduced into the invert emulsion at the time of mixing
the ingredients. Invert emulsions developed in this study and designated 1E. 1 and IE 3 have
the following characteristics: i) a high stability. with an emulsification rate of 99 10 100%;
1)) a low and constant viscosity of 25 centipoises for [E 1 and 35 centipoises for IE.3; ii1) a
high water content ranging from 20.4 to 34.6% for IE.1 and from (6.8 to 18.6% for IE 3
after 24 hours of application at 25°C and 66 to 81% atmospheric relative humidity
respectively; and iv) an excellent survival of tested microorganisms after introduction into
invert emulsions especially in IE.1. Moreover. the ingredicnts of invert emulsion I¥.1
especially the oil (Radia 7108) and the emulsifier ( Radiasurf 7133) arc used as food
additives in Belgium. Biological efficacy of the two strains against B.cinerea was assessed
using foliar discs of strawberry. Lesion development due to Botrtis was significantly
reduced on trcated foliar discs with these strains when were applied in formulated form at
low levels of relative humidity in comnparison with the non-fomulated form. Trichoderma-
IE. 1 formulation. for example. reduced the lcsion development at 45% compared to non-
formulated form (MDBLCC=0.80 and 0.44 in formulated and non-formulated forms
respectively). In addition, the number of Botrvtis conidiophores appeared on infected
surfaces was greatly inhibited on treated foliar discs with strains compared with the non-
trcated control. Trichoderma - 1IE.1 fomulation, for example. decreased the number of
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Botrvtis conidiophores to nil compared to non-treated control (MRDBC=0/+++ or 0/++4
according to relative humidity level).
Kev words: Anlagomist, Twichoderma sp.. Bacilius anyiloliguefaciens. Gray mold.

Bomvris cinerea. Invert emmlsion. Biological efficay, Mixing technique. Oil phase.
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Introduction

Gray mold 1» ene ot'the fissn“:“zi\.e plant diseases that
range under ficld and postt ‘
Cinerca Pers ex Friinfects pr
after har C\Un" ! "'] One of the | measures involvi
management s the use of biocomz‘ol agents (bacteria, nmgl and veasts)
which showed promising results in the recent years [3-8] Microbial
biocontrol agents of plant pathogens have spectfic requirements for free
water, in form of dew or rain, to achieve good control. Moreover, an
extended period of exposure to hee water is often required for maximum
control. Therefore, there has peecn considerable interest in developing
formulations of these microorganisnis t! - val
absence of free moisture. One of these formuletions mvolves the use of
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water -in -oil (invert) emulsion. This tvpe of emulsions has shown promise
as a carner for weed-infecting flingi (mycoherbicides) and as a water source
to facilitate fisngal infection [9-111.

Many examples on mycoherbicides formulated in invert emulsion were
cited in literature: an invert emulsion replacing the dew period requirment of
Alternaria cassiae (Sacc.) Rands conidia was successfully applied to control
the sicklepod (Cassiae obtusifoliae 1) [12]. For significant germination ot
the fungus, 1t was necessary to maintain water content of this invert at 10%
over a period of 18 hours [11] Another invert emulsion with improved
shysical properties has an cil-phase containing a paraffin wax. - paratiin
spray cil and an unsaturated monoglvceride cmulsifier [13]. This invert
emuision retarded evaporation, retained a films of water around the comidia
of introduced fungi for a sufficient rer\a’é to allow germination and
senetration to iake place Finally, an n nvert emulision reduced the inoculum
weshoild required for infection of Cawsive obtusifolic and  Danra
cramonium L oy Alternoric cassiae a,;d A.crassa ( Sace) Rands,
:'e;\:*‘w&cti‘v’eij\' [91 Among the different commercial miycoherbicides, few are
rormulated 1o an oil ad’x,l"am including casst ® containing Alternaria
~assice which is applied to control botl: sis {Cassiae obrusifoliay and
coffee sena (ussiae o ulaema/zs . in sovbean ead peanut fields [14]

In spite of the formulations for
SUCTOOTanismis an t’l(7(‘\“bt c to *,h\t wgens, especialiv for Trichodermc
we arce not aware of anv mveri emulsion formudatics thet has been

as & carrer for ' ! biectives of

o

15 { {water-

resesrch were 1) . n
O iniCToorganisms

in-onl formulation), then rin
antagonistic to the causal agcm of gray mo.id (Beryiis cinerea) inte these
cmulsions; i) to test the compativ“ht}.f of these invert emulsions with
introduced microorganisms; 1) to dete wine the water content of these
invert emulsions after 24 hours of appiication: and 1v) to test the biologic:
efficacy of two strains of i 7||JO(\fgaI]xS;n:¢1H;agOIll;~,hL L0 Lotryils chieied
on strawberry foliar discs before and after their introduction into the invert

emulsions.
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Materials and Methods

For conducting experiments, bacterial endospores of Bacillus
amyloliquefaciens (strain GA1) and conidia of 7Trichoderma sp. (strain
CI306) were obtained by subcuituring GA1 on Potato Dextrose Agar (PDA)
and CI306 on Oat Meal Agar (OMA) successively, then incubating petri-
dishes for 4 days in case of C1306 and 2 days in case of GAI at 25 C with
16 hours of illumination. The number of conidia in the suspension was
determined by a haemocytometer. Endospores of the bacteria were obtained
by treating the bacterial suspension with hot water (85° C) for 10 minutes,
the concentration of endospores (viable and non-viable) in the treated
suspension was determined by measuring the optical density at 595 nm
wave length, then wusing the calculated equation of linear relationship
between the number of coleny-forming-unit (CFU) per ml of bacterial
suspension and the optical density  (Y=0.17620X+0.13624, where
Y=optical density and X = CFU/ ml). For the pathogen (B.cinerea, strain
B20), incubation after subculturing and determination of the concentration
of prepared suspension were identical to Trichoderma.

Invert emulsions involved in the experiments were selected from several
formulations of invert emulsion prepared from S types of oils and 6 types of
emulsifiers. Selected invert emulsions designated 1E.1 and TE.3 were
composed of the following ingredients i) aqueous phase of IE.1: 1% wax”,
10% glycerin® and 89% distilled water; ii) oil phase of TE.1: 5% emulsifier’
and 95% oil’; iii) aqueous phase of IE.3: 1% wax". 10% glycerin® and 89%
distilied water; and iv) oil phase of IE.3. 5% emulsifier’ and 95% oil® . The
criteria of selection were: low viscosity and high stability In these
preparations, the quantity of aqueous phase was gradually increased from 10
to 50% of final ingredients which resulted in improving stability and
viscosity. Moreover, during the prepration, the aqueous phase was always
added into the oil phase at a ratio of 1:1(w/w), then the two phases were
mixed together at a constant and high speed (1200 rpm for 1 minute) using a
mixer of ultra-turrax type.

The two strains of antagonists were, at first, introduced individually into
the aqueous phase (AP) by substituting the quantity of water in this phase
(89%) by the suspension of these strains, then the water soluble wax was

An-Najah Univ. J. Res., Vol 13 (1899) 67-83
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added to the aqueous phase (1% by weight) and then heated for two minutes
at 50° C using a water-bath before adding glycerine (10% by weight). This
phase was then mixed with oil phase using a mixer as described above The
concentration of 7richoderma and Bacillus strains in the invert emulsions
were: 1 x 10%conidia/m! and 5 x 107 CFU / ml respectively.

The viscosity of the invert cmulsions was measured with a viscometer
(Brookfield Synchro-electric viscometer: model LVT, serial number 56673).
Ten subsamples of each emulsion (100-200ml according to the type of the
spindle) were regularly used to measure viscosity. During this measurment,
emulsions were stored at 25 + 2°C for 7 weeks using 100m] screw-capped
graduated cylinders. The dial reading appeared on the viscometer scale
which resulted from the spindle movement inside the invert emulsion 1s
multiplied by a conversicn factor to give the emulsion viscosity.

The stability of invert emuisions was determined by measuring the
emulsification rate of the two phases composing the emulsion that could be
obviously obeserved in 100ml screw-capped graduated cylinders with the
aqueous phase at the bottom, the oil phase at the top and the emulsion layer
being intermediate. Ten graduated cylinders were used for each invert
emulsion in each experiment, and stability was daily measured during 7
weeks following the preparation of emulsions.

Viability of the introduced bacterium and fungus into emulsions was
determined by taking samples from invert emulsions stored at 25 = 2° C at

1 % wax {(Radiaswrf 7417) : polvethvleneglveol-PEG-1500 mono-stearate . water-

soluble wax up to 1%, produced by FINA Chemicals , division of PETROFINA s. a..

Nijverheidsstraat 52. rue de I’ Industrie. 1040 Bruxelles-BELGIUM.

¢ 5% emulsifier (Radiasurf 7153) : Sorbitan mono-oleate , unsaturated cmulsifier .
produced by FINA Chemicals .

1 10% glvcerine (Glveerin 4813) © 99.5% 1.2.3-Propanetriol . produced bv FINA
Chemicals .

©  93%oil (Radia 7108) : glvcerol tricaprylatc-caprate. produced by FINA Chemicals .

: 5% emulsifier (Span 20) : Sorbitan mono-laurate . produced by ICI Surfactants .
registered in England no 1003645, London.

£ 93% oil (Paraffin Vel 8377) : produccd by VEL s. a.. 3001-Leuven- BELGIUM.

An-Najah Univ. J. Res., Vol. 13 (1999) €7-83
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weekly intervals after homogenization of the ingredients by shaking.
Samples of 1 ml each was taken to make serial dilutions of 10 'then
subsamples of 100 ! of the last dilution (10™*) were either spread on the
surface of PDA plates or deposited on glass-slides kept in Petri-dishes under
humid conditions. Ten Petri-dishes or glass-slides were used per weekly
sample for each emulsion or control. The evaluation of the viability was
made by determining the number of colony-forming-units (CFU) per ml of
invert emulsion containing the bacterium or the percentage of conidial
germination after 24 hours of incubation at 25 + 2°C.

The water content of invert emulsions was determined after 24 hours of
application under 3 levels of relative humidity (R.H.). These levels were
controlled by using saturated solutions of 3 mineral salts [ 15 ]: 45% R H at
550 g/L potassium nitrite (KNO,), 66% R.H. at 680 g/L sodium nitrite
(NaNOQO,), and 81% R.H. at 525 g/I. ammonium sulfate [(NH.):SO4] A
fourth level of 100% R.H. controlled by water saturation was added. The
technique invloved in this study was consisted of depositing 3 droplets (25
ul each) of invert emulsion per glass-slide held on small curved galss-rod
and placed inside a closed desiccator containing saturated solutions of
mineral salts prepared as indicated above. Seven glass-slides were used for
each level of relative humidity and for each invert emulsion. By calcuiau
the quantity of water lost during 24 hours afier droplets’ denosition. the
percentage ot lost water and remaining water could be determinad.

A biological test was developed to evaiuate efficacy of the an
sirains. The inoculation technique in this test was connisted of dey
first, 25 ul droplets of MICroorganisim  $uspension
formulation (concent. =10° conidia /ml for 7ichoderma or X0
ot Bacillus) on 20 mm-diameter green foliar dizcs of crrawperry aite
inducing a small superficial wound at the disc cenver. Then . after 25 ours
of antagonist application, depositing 25ul d or‘at_ of ma;no" nidial
suspension (concent.= 10° conidia / ml ) on the san <, site of foliar :_iiscs
inoculated previously with the antagonist. fncubation © (“u' dlm 3irearsq
and non-treated with antagonist) was made at 23+ 2°C a.ﬁ ‘n urs m‘
illumination. The evaluation technique in tius test was b
the diameter of Botrytis typical lesions appcared on
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discs wiih the antagonist after 4 days of pathogen inoculation. Therefore,
ratio of lesion diameter on treated and non-treated discs could be calculated
to be used in the comparison . This evaluation was also based on measunng
the relative density of Botrvtis comdiophores on the infected surface of
treated and non-treated discs after 8 days ot pathogen moculation.

Results

Prepared invert einulsions (JE.1 and TF.3) were regularly observed in
order to determine therr stability, viscosity, compatibility with introduced
antagonistic microorganisms and their water content after 24 hours of
appitcation (Tables 1.2.3, and 4). The stability of these emulsions was
checked regularly over a period of 7 weeks (Table 1). Results indicate that
these fromulations have shown an emulsification rate of 99 to 100% after
mixing the ingredients at weekly intervals, a separation rate ofthe two
phases ranging trom 0 to 1%.The viscosity of the same emulsions was also
checked over a period of 7 weeks (Table 1). Results indicate that this
viscosity is shown to be constant with 25 and 35 centipoises for the invert
emulsions IE.1 and TE.3 respectively. Confirmation of these results was
made by repeating the preparations and measurements for 5 times.

The number of colony-forming-units (CFU) per ml of bacterial
formulation or the percentage of conidial germination of fungus formulation
over the time after introduction are presented in Tables 2 and 3. After a
repeated introduction of the microorganisms for 5 times, results indicate that
there was no significant differences over the time between values of conidial
germination percentage of 7richoderma when introduced into the invert
emulsion IE.1 (Table 2). However, these values decreased significantly over
the time when introduction occured into the invert emulsion IE.3 (Tabie 2).
Similar results were obtained with number of CFU per ml of the bacterium
when introduced into [E. 1 and 1E. 3 respectively (Table 3). In addition, the
formulation of the fungus using invert emulsions inhibited its germination
during the whole period of observation in comparison with the non-
formulated control where abundant germination of conidia and subsequent
formation of mycelium was noticed within 1 to 2 weeks following
suspension preparation (Table 2). Moreover, the formulation of the

An-Najah Univ. J. Res., Voi. 13 (1999) 67-83
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bacterium using invert emulsions especially IE. 1 preserved its viability
where the decrease was not significant in comparison with the significant
decrease in viability in all non-formulated control treatments (Table 3 ).

The quantity of water retained in the invert emulsions after 24 hours of
application was determined at different levels of relative humidity (table 4).
The amount of water decreased significantly when relative humidity
decreased from 100 to 45% for both invert emulsions. This content was
amounted at 12.7% for IE.1 and 14.7% for IE.3 at 45% RH,, instead of
34.6% for TE.1 and 18.6% for IE.3 at 81% R.H. Therefore, a sufficient
quantity of water was retained in the two emulsions especially under dry
conditions (50 to 80 %R.H.). This quantity is necessary for the survival of
introduced microorganisms during 24 hours after application. These results
were confirmed by repeating the experiment 3 times.

In addition to the above characteristics of our invert emulsions,
biological efficacy of the strains of antagonistic microorganisms was studied
when these microorganisms were formulated in invert emulsions compared
with the non-formulated forms (Table 5). The mean diameter of Botrytis
lesion on treated strawberry foliar discs with the antagonist compared with
the non-treated discs with the antagonist (MDB _CC) increased significantly
in case of using both antagonists in non-formulated form at the different
relative humidities (Table 5). Therefore, biclogical efficacy of the
antagonists in non-formulated form reduced significantly at low relative
humidities (especially at 66%). However, MDBLCC did not significantly
increase in case of using the antagonists in formulated form at the same
relative humidities (Table 5). Therefore, the formulation of both antagonists
resulted in the same level of biological efficacy. However, at low relative
humidities (especially 66%), this level was significantly higher than the
level when these antagonists are not formulated. The mean relative density
of Botrytis conidiophores on treated foliar discs with the antagonist
compared with the non-treated discs with the antagonist (MRDBC) was nil

An-Najah Univ. J. Res.. Vol. 13 (1999) 67-83
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Table 1. Stability and viscosity of selected invert emulsions.

Character- | Time in | Formulation of the emulsion
istics of the | days (d)
emulsion or
hours(h)
after IE.1: 350% aqueous | IE.3: 50% aqueous
prepara- | Phaset+50% oil phase phase+50%oil
tion phase
Emulsifica- | 1d 100% 100%
tion rate of | 14d 100% 100%
the two 28d 99% 99%
phases after | 42d 99% 99%
reparation | 49d 99% 99%
Separation | 1d N.S N.S
of the two | 14d N.S NS
phases 28d 1% AP 1% AP
42d 19 AP 1% AP
49d 1%Ap 1%AP
Viscosity in | 1d 275 325
Centipoises | 14d 25 35
at room 28d 25 35
temperature 42d 25 35
(25+2°C) 494 25 35

- Emulsification rate was measured by putting the invert emulsions in 100 ml graduated

cvlinders.
experiment .

Ten graduated cylinders were used for cach invert emulsion in cach

- N. S: No separation of the two phases composing the emulsion.
- AP : Aqueous phase which was seen separated from other ingredicnts.

An-Najah Univ. J. Res.. Vol 13 (1998) 67-83
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Table 2: Viability of Trichoderma sp. (sttain C3U8) atter mtroduction
into the selected invert emulsions stored at 2522°C

Time after ‘ - Mean pe:ce*ﬁagu ot conidial gcrmm ation of the fungus
preparation ; within 24 hours '

f inver — T - - -
ol .‘ t Clnvert emulsion (1) | Cyntrel  {funoal  suspeusion
emulsions and | ) '

. . ' containing the fru ngus only)
introductionof |~ 7 . e
the fungus(in | IEdisfungus | IE,SH‘ungus Blanco Controi ™+ True
weeks) ! Contrut®
]

0" 646 a S34° a 67.8 83.0

1 61.2 a S5iC a CG - C G

2 S82 a 482 ab M F“ MOE
3 354 a 41.2 ¢
4 342 a 400 ¢

5 334 306 ¢
6 330 a 310 d

Five replicates were used for each percentage of conidial germination.
Conidial germination in this treatment was checked at the first day after
introduction of the fungus.

Means within each column followed by the same letter for each invert
emulsicn are not significantly different (p<<0.05) according to Duncan’s
multiple range test based on ANOVA table for the completely
randomized design (CRD).

Blanco control is true control after passing in the mixer at 9th speed for
1 minute.

True control is the titrated fungal suspension without passing in mixer.

C.G: conidial germination observed in the suspension.

M F:mycelial formation observed in the suspension.

V.

W,

-

An-Najah Univ. J. Res., Vol. 13 (1999) 67-83
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Table 3. Viability of Bacillus amyloliquefaciens (strain GAl) after
introduction into the selected invert emulsions and stored at 22+2°C.

Time after | nfoan pumber of colony-forming-units (CFU) x 10° of
preparation

of invert | bacteria per ml in weekly sampled portions *
emulsions

and Invert emulsion (IE) Control (bacterial
introduction | containing the bacteria suspension only)
(l))gcteria(itxl:e IE.1+bacteria | IE.3+bacteria | Blanco True
weeks) Control ™ Control”
07 16.57%a 1325%a 18.67" a 22.52%a
1 15.57 a 1280 a 1737 b 21.82 a
2 15.15 a 11.20 b 1582 ¢ 21.02 ab
3 1492 a 1080 b 1507 ¢ 20.00 be
4 14.15 a 952 ¢ 1435 cd 19.10 cd
5 13.22 a 9.10 ¢ 14.05 d 18.47 de
6 13.02 a 7.90 d 1355 d 18.07 e

Four replicates were used for each mean number of CFUx10° per ml.
Each replicate-value was calculated from the counted number of
colonies per perti-dish after spreading of 100 ul of bacterial suspension.
Blanco control is true control passing in the mixer at 9th speed for 1
minute

True control is the treated bacterial suspension ( sporulating form )
without passing in mixer and prepared directly from bacterial culture.
Mean number of CFUx10°per ml in this treatment was checked in the
first day after introduction of bacteria.

Means within each column followed by the same letter for each invert
emulsion or control are not significantly different (p<0.05) according to
Duncan’s multiple range test based on ANOVA table for the completely
randomized design (CRD).

An-Najah Univ. J. Res.. Vol. 13 (1998) 67-83




78 “Biological effect of two strains of ...... "

Table 4. Water content of selected invert emulsions after 24 hours of
application at different relative humidities (temprature; 25+2°C).

Percentage of Mean perce.ntage of water content in the
atomospheric relative invert emulsions (I1E) after 24 hours’
humidity * IE.1 IE.3

100 822%a 85.1% a

81 346 b 18.6 b

66 204 ¢ 168 b

45 12.7 ¢ 147 b

Controlled by using tightly closed desiccators containing saturated
solutions of mineral salts.

Three droplets of each invert emulsion (25 ul each) per one glass-slide .
Seven glass-slides were used for each relative humidity or invert
emulsion .

Means within each column followed by the same letter for each invert
emulsion are not significantly different (p<0.05) according to Duncan’s
multiple range test based on ANOVA table for the completely
randomized design (CRD).

in both formulated and non-formulated forms of 7richoderma at all relative
humidities (Table 5). However, MRDBC was higher (1-49 conidiophores)
in both formulated and non-formulated form of Aacillus at all relative
humidities (Table 5). Therefore, the formulation of both antagonists resulted
in the same level of biological efficacy in terms of their effect on formation
of Botrytis conidiophores. These results were confirmed by repeating the
test S times using 12 replicates in each treatment or relative humidity.

Discussion

The strains of microorganisms involved in this study (GA1) of Bacillus
amyloliquefaciens and C1306 of T7richoderma sp. , proved to be effective
antagonists against 5.cirnerea (strain B20) on strawberry foliar discs in both
formulated and non-formulated forms. These strains reduced the lesion
development of B.cinerea growth and inhibited its ability to form

An-Najah Univ. J. Res., Vol. 13 (1999) 67-83
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Table 5: Biological efficacy of 2 microorganisms antagonistic to Botrytis
cinerea on foliar discs of strawberry (23+2 °C & different R H.)

Relative Application Evaluation criteria of antagonistic effect
humidity | form of _ _
percentage | antagonistic N,",)BLCC - MI.{DBC :
during microorgan- Trichoderma Baczllu.s Trichode- Baczllu.s
48h. in isms sp. (CI3006) amylo.lzq- rima sp. amylo-lzq-
desiceators uefaciens | (C1306) uefaciens
(GAl) (GA1)
100% Non- 0.20¢* 0.30¢” o/+++ +/++
R.H. formulated
Formulated | 044D 0.58b o/+++ +/+++
IE1®
Formulated 052b 061D o/+++ +/+++
IE3"
81% R.H. | Non- 0.62b 0.69 ab o/++ +/+r
formulated
Formulated | 045b 0.53b o/++ +/++
IE1°
Formulated 055b 0.56b o/++ +/++
IE3Y
66% R H. | Non- 0.80a 088 a o/++ +/++
formulated
Formulated 0.44b 0.54b o/++ +/+4
IE.1*
Formulated 0.53b 0.60b o/++ /4=
IE3"

MDBLCC indicates the mean diameter (in mm) of Botrytis lesion on treated foliar

discs compared with the control ( 12 replicates per treatment ).

v MRDBC indicates the mean relative density of Botrytis conidiophores on treated
versus non-treated foliar discs with antagonists ( 12 replicates per treatment ). Scale
used : O=no conidiophores, +=1-49 | ++ =50 - 199, +++=>200 conidiophores.

*@1¥  Ingredients of IE.1 and IE.3 indicated previously in materials & methods.

‘ Means within each column followed by the same letter for each antagonistic

microorganism are not significantly different (P< 0.03) according to Duncan’s

Multiple Range Test based on ANOVA table for the completely randomized design

(CRD).

An-Najah Univ. J. Res., Vol. 13 (1999) 67-83
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conidiophores (Table 5). The antagonistic effect of several microorganisms
was recently reported by many investigators: frwinia sp. against B.cinerea
on apples [3]; Bacillus polymyxa & B.subtilis against B.cinerea and Pythium
spp. on peas & dwarf french beans (7], Bacillus pumilus and 5.
amyloliquefaciens against B.cinerea on pears at postharvest stage [8];
Irichoderma spp. against B.cinerea on grape under field conditions [ 6 ],
and Candida sake against B.cinerea, Penicillium expansum Link and
Rhizopus nigricans Ehrenb on apples [ 5 ]. However, no attempt was made
by the above investigators to formulate any of the above antagonistic
microorganisms. Our comparison of biological efficacy of the two strains of
microorganisms antagonistic to B.cinerea in formulated and non-formulated
form resulted in significant differences between these strains at different
relative humidities (Table 5). In these comparisons, we used a novel
criterium other than the usual one concerning biocontrol of B.cinerea
according to the capacity of the antagonist to reduce the rate of pathogen
sporulation [ 16]. Our novel criterium is based on measuring the diameter
of Botrytis typical lesion on treated and non-treated foliar discs of
strawberry with the antagonists since we have succeeded in producing
typical lesions of Botrytis on living, green foliar discs of strawberry with the
aid of small superficial wound and an inoculation with a concentration of
108 conidia / ml then incubation under humid conditions at 23 + 20 C. The
diameter of these lesions produced after application of the antagonist was
used in comparing the efficacy of these microorganisms. This technique of
production of Botrytis infection and using the lesion diameter for comparing
the biological efficacy of antagonists is a something new in our work in
comparison with the usual technique of evaluation of Botrytis biocontrol by
suppression of its sporulation [ 16-18 ]. The significant differences obtained
in biological efficacy of both antagonists (7richoderma and Bacillus) in
formulated or non-formulated forms at low relative humidities (Table 5),
proved the capacity of both emulsions (IE.l and IE.3) to retain enough
quantity of water for survival of these antagonists. However, this efficacy
was greatly reduced in case of using antagonists without formulation due to
the loss of great quantity of water under dry conditions. (Table 5). Overall,
results coincide with those of many workers on mycoherbicides using invert
emulsion [ 9-11, 13, 19, 20 .
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The developed invert emulsions (IE1 & IE.3) contained oils with
moderate to low viscosity (28 centipoises for plant oil: Radia 7108 ad 124
centipoises for the mineral-oil: paraffin Vel 8577) and the unsaturated
emulsifiers (Radiasurt 7155=sorbitan monc-oleate, and span 20=sorbitan
mono-laurate), in addition to using a good mixing technique with a high
speed during preparation. This explains the high stability and low viscosity
of our invert emulsions indicated in Table 1. This explanation coincides
with the conclusions of Connick et al., 1991 [13] and Daigle et al., 1990
[11] which indicate that stability and viscosity of invert emulsions used in
mycoherbicide formulation depend on the type and viscosity of oil entering
in emulsion composition, the type of emulsifier and mixing technique and
its speed.

The good compatibility of invert emulsion IE.1 with introduced
microorganisms is attributed to the ingredients entering in the formulation
of this invert emulsion especially the oil (Radia 7108) and the emulsifier
(Radiasurf 7155) which have shown to be much less toxic to introduced
microorganisms than those entering in the formulation of 1E.3 especially the
oil (Paraffin Vel 8577) and the emulsifier (span 20). The difference in
toxicity to introduced microorganisms is essentially related to the origin of
oil entering in the formulation of each invert emulsion where it is of
mineral-origin for Paraffin Vel 8577 and of plant-origin for Radia 7108, but
in all cases the retained invert emulsions prepared from these oils are always
having lower viscosity than those of oils (25 and 35 centipoises for IE.l and
I[E.3 respectively). Another advantage for using the oil Radia 7108 and the
emulsifier Radiasurf 7155 is that they are already accepted in the
additivation of human foodstuffs in Belgium, and there is no problem of
toxic residues during application. Until now, diffferent formulations of
invert emulsion were used as carriers of weed-infecting fungi or
mycoherbicides [9-13, 19, 20]. The viability of these fungi in the invert
emulsions are not widely studied compared with our work (table 3), a single
study was conducted by Daigle et al., 1990 [11] on the conidial germination
of Alternaria cassiae (biocontrol agent of sicklepod: Cassiae obtusifolia) in
a series of invert emulsions, they concluded that a minimum of 10% water
content in the invert emulsion was necessary for obtaining a significant
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germination of the fungus without reporting any value on conidial
germination.

In the present formulations of invert emulsion, the addition of water-
soluble wax (1% of aqueous phase) increased considerably its stability in
comparison with the formulations containing no wax and the incorporation
of glycerin 4813 (10% of aqueous phase) in our formulations of invert
emulsion contributed to retaining more water in the formulation due to its
action as depressor of water activity as a result of reduction of water
droplets’ surface area being in direct contact with the air and available to
evaporation. Therefore, the quantity of retained water in our formulation is
much higher than that reported by other authors working on improved
mycoherbicides (10% of the invert emulsion developed by Daigle et al.,
1990 [11]).

In conclusion, the admission of major ingredients of our invert
emulsions specially IE.l in the direct additivation of human foodstufts and
the distinctive characteristics of the emulsion such as high stability, low
viscosity and no toxicity to introduced microorganisms would allow us to
use this emulsion as carrier of other antagonistic microorganisms in
biological control of phytopathogens. Therefore, the next step in our
research project is to test the compatibility of 1hese formulations with wide
range of antagonists especially those used in postharvest biocontrol, then
testing biological efficacy of these antagenists against postharvest
pathogens.
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