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Abstract

Protective pre harvest spray of three fungicides ie. Benlate
[Methyl 1-(butyl carbamoyl)-2-benzimidazol carbamate], Prochloraz [1-
(N-propyl-N- (2-(2,4,6 -tri-chlorophenoxy) ethyl) carbamoyl) imidazole]
and Vinchlozolin [3 - (3,5 Dichlorophenyl) S-ethenyl-5-methyl-2,4-
oxazolidinedione] were applied to Strawberry (Fragaria chiloensis Duches-
ne var ananassa Baily) (cv. Pajaro) at 0.5, 1, 2 g | ! under either natural
or artificial infection. The applied fungicides significantly reduced the lev-
el of gray mold caused by Botrytis cinerea. Excellent control was ob-
tained with Vinchlozolin, at the rate of 2.0 gl - which developed 4.8%
and 1.2% rot for two successive years compared with 28.5% and 16.2%
in the check under artificial infection conditions.

Gas chromatographic detection of Vinchlozolin in treated straw-
berries revealed residues of 0.0354, 0.3871 and 0.0838 ppm after two
days, one and two weeks, respectively, in strawberries treated with 2.0

-1
gl ™.

INTRODUCTION

The gray mold fungus, Botrytis cinerea Pres. ex Fr. is the most common cause of
post harvest rot of strawberry (Fragaria chiloensis var. ananassa). This disease causes
severe losses in the field before harvest and during transit of the harvested strawber-
ries (Jarvis, 1962 a and b; Dennis et al., 1979 and Jordon, 1978). Losses due to Rhizo-
pus stolonifer (Ehrenb ex Fr.) Vuillemin, Phytophthora cactorum (Leb & Cohn) Schroet,
Pythium spp., Mucor mucedo L. ex pries, Fusarium spp., Alternaria spp. and Trichoder-
ma spp. were also reported (Stoddard et al. 1924, Harvey and Pentzer, 1960; Powel-
son, 1960 and Jarvis, 1962 a). Systemic fungicides present a primary means of con-
trolling post harvest diseases (Eckert and Ogawa, 1988). However, they have come
under food safety measures as posing potential risks when applied to food (National

Research Council, 1987). As the tested fungicides are still in experimenting and use in
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countries of origin, they were used on strawberries in this study.

Public and scientific concerns about the presence of synthetic chemicals in the
food chain have generated an interest for the detection of the fungicidal residues in
fresh fruits and vegetables. This study was undertaken to evaluate the gray mold pre

harvest spray and fungicide residues in the harvested strawberries.

MATERIALS AND METHODS
Effect of fungicides on growth rate of Botrytis cinerea:

The fungicides given in Table (1) were tested on potato dextrose agar plates
(PDA) at concentrations of 0, 1, 5, 10, 25, 50, 100, 200, and 400 ppm of the active
ingredients in four replicates. Plates were inoculated with a disc (5 mm) of B. cinerea
and incubated at 18 + 2°C. Check plates were similarly prepared and the reduction in

colony diameter was determined after 5 days.

Table 1. Fungicides used in the in vitro tests

Common name Active ingredien * Trade name Producer
Benlate 50% [ methyl 1- (butyl carbmoyl) - Benlate Du Pont Ltd

2- benzimidazol) carbamate]

Ronilan 50% [ 3- (3, 5 Dichlorophenyl) 5- Vinchlozolin BASF
ethenyl - 5- methyl-2, 4-oxazolidinedione]

Prochrolaz 50% [1-(N-propyl-N- (2-(2,4,6 —
tri-chlorophenoxy) ethyl) carbamoyl) Octave Shiring, England
imidazole]

Field Trails:

Chemical control of the main pathogen causing rot of strawberry fruits was car-
ried out on Pajaro cultivar, using 3 fungicides under either natural infection or artificial
inoculation with B. cinerea at the rate of 10* spore/ml. Benlate 50% wp, Prochloraz
50% wp and Ronilan 50% wp were sprayed at 3 rates (0.5,1.0and 2.0 g -1) at three
week- intervals commencing at flowering and green fruit development till seven days

before harvest. Four replicates were used per treatment. The experiment was conduct-
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ed during 2 successive seasons. All agricultural practices were carried as usual. Notes

were recorded on fruit rot disease and average number of rotten fruits was calculated.

Analysis of Vinchlozolin (Ronilan) Residues In Treated Strawberry
Fruits:

a . Sample treatment

Strawberry plants were treated twice at two week- intervals, with Vinchlozolin.
Three concentrations (0.5 g I'", 1 g I'" and 2 g I'") were experimented. After two, sev-
en and fifteen days, fruits from about 30 plants, per each treatment were taken and
kept in a closed plastic container. A 50 g sub sample from each treatment was crushed
then mixed with 10 g of anhydrous sulfate and filtered through 10 g of anhydrous sodi-
um sulfate in a funnel. Acetone was filtered through the sample until total volume was

50 ml for each sample. The samples were kept frozen until analysis.

b. Analytical Procedure:

Anhydrous sodium sulfate (10 g) was added to reduce moisture in the sample.
The homogenate was filtered and the extract was quantitatively transferred to a 100
ml round bottom flask. The acetone was removed by a rotary vacuum evaporator at
40°C and the sample was dissolved in 100ml of hexane. The extract was then pro-

cessed through the Florisil clean-up procedure as described in the following:

A 10 X 200 mm chromatographic column was prepared by inserting a plug of
glass wool and 5 g of activated Florisil topped with 2 g of anhydrous sodium sulfate.
The column was rinsed with 100 ml of hexane and the wash was discarded. Three 5 mi
rinses with hexane were added to the extract and transferred to the column. When the
last rinse reached the top, the column was eluted with 50 mi of 10% ethyl ether in hex-
ane (v/v). The eluate was completely evaporated and the residue was taken up in an

appropriate amount of hexane for analysis (Fig.1).

c. Standards and Reagents:

An analytical standard was needed to inject in the gas chromatograph. Stock so-
lution was prepared by dissolving 0.10 g Vinchlozolin in 100.0 ml hexane; then dilutions

of 10 mg/ml, 1 mg/ml, and 0.1 mg/ml were prepared.
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Fig 1. Clean-up step of Florosil / anhyd. NaySO4

Chromatography column.
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Standards of 0.01 mg/ml, 0.02 mg/ml, 0.04 mg/m| and 0.08mg/ml were pre-
pared from 0.10 mg/ml. All solvents were of analytical grade. Sodium sulfate was of re-
agent grade (anhydrous). Florisil (PR grade), 80/100 mesh, was activated for 6 h. at
130°C and cooled in a dessicator before use. Vinchlozolin reference standard (97%)

was kindly supplied by BASF.

d. Gas Chromatography Analysis :

A Tracor 222 gas chromatograph, equipped with a Ni®3 electroncapture detector
(ECD) and a Helwett-Packard 3390 A integrator were employed. The gas chromato-
graphic column was a 1.6 m x 2 mm i.d. glass column packed with 10% ov-1 on 80/
100 mesh Gas-chrom Q. The following conditions were used for gas chromatography
analysis. Temperature: inlet, 230°C; oven 200 C detector, 280°C; gases: nitrogen (car-
rier), 40 ml/min, nitrogen (detector), 50 mi/min. With these chromatographic condi-
tions Vinchlozolin was eluted for approximately 4-5 min. A 5-ul aliquot from a total vol-
ume of each concentration was injected into the gas chromatograph. Peak areas
determined by a computing intergrator were compared to standard curves of Vinchloz-
olin in order to calculate the amount of residues present. The detection limit was 0.05
ng for Vinchlozolin (Zanini, 1980). Two injections of each sample and standard were
made. Standards of 0.00, 0.01 mg/ml and 0.02 pg/ml gave a linear response and were

used to calculate the sample concentrations.

The concentrations were calculated using the mathematical method of interpola-

tion according to this equation:

Acy - Acy G -Cy

As - Acq Cs-Cq

6 (As - Acy) (C2 - Cy) + Cy (Acy - Acy)

Ac; - Acy

where :
C; = Sample concentration.
Cs. Cy = Two consequent standard concentrations: sample in betweon

Ag = Sample Area.
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Ao, AG;, =Cpand Cy Area
RESULTS

The extent of inhibition of miycelial growth of B. cinerea caused by the tested
fungicides is given in table {2). Ronitan and Benlate were the most effective fungicides:
against B. cinerea as shown by the total inhibition: at 5 ppm icompared to: Prochloraz
which festilted in simifar inhibition at 10 ppm. The effect of Ronilan and Benlate; at all

tested concentrations, showed no significant differences.

Table 2. Mycelium linear growth-of Botrylis cinerea after 5 days incubation at 18+ 2°C

Fungicide Linear growth (mm) i
‘ o 5 10 =25 50 100 200 400

: ; {ppm) : Y
Benlate 9.00 8.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0
'Prochloraz 9.0 12.0 7:2 0.0 0.0 0.0 0.0 0.00 0.0
Ronilan 9.0 6.5 0:0 0.0 0.0 0.0 0.0 0.0 0.0
LS Dat0,05

Fungicides 0.24

Concentration 0.27
Pre-harvest Fungicidal application Under Natural Infection Conditions

The experiment-was. carried out in two successive seasons with Ronilan, Benlate,
and Prochloraz fungicides at three tested doses (0.5,1.0, and 2.0 gty at Kafr Hakiem
farm, in Berquash/ Giza, The percentage of infection was calculated as the number of

rotten fruits to the whole number of fruits in each replicate.

Data in table (3) indicated that 'spraying the fungicides under natural infection
condition at the concentration used decreased the gray rot. The disease incidence was:
completely checked.during the second season with Benlate and: Ronilan at a concentra-
tion of 2g#. Significant differences were obtained among concentrations 0.0, (0.5 and
1.0), and 2.0 g+~
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Table 3. Efficacy of pre-harvest fungicidal application on gray mold rot of strawberry

‘Pajaro’ under natural infection conditions:

% Infection
Season 1 Season 2
Dose {(g!™") 0.0 05 1.0 2.0 0.0 05 1.0 2.0
Benlate 16.2 7.6 6.6 0.3 10.2 5.4 3.9 0.0
Prochloraz 16.2 1.4 1.5 1.4 10.2 4.1 2.5 1.6
Ronilan 16.2 2.2 2.2 1.6 10.2 2.5 17 0.0
LSD at 0.05 for fungicides: 1.499 1.5

Significance of fungicides concentrations

Conc. mean Grouping
o/l
0.0 13.2 A
0.5 4.3 B
1.0 3.0 B
2.0 0.8 C
LSD at 0.05 for concentraticns: 1.7309 1.7

Pre-harvest Fungicidal Treatment and strawberry Gray Fruit Rot Un-
der Artificial Infection Conditions:

Benlate, Ronilan, and Prochloraz at the rates 0.0, 0.5, 1.0 and 2.0 g ' were

sprayed two weeks before harvest in two successive seasons.

Fungicidal application was made 48 hours after artificial inoculation with B. ciner-
ea. It was cbserved that all tested fungicides gave sufficient control of fruit rot (Table
4). A negative relation between fungicide concentrations and percentage of infection
was recognized and a significant interaction between the tested fungicides (Ronilan
with Benlate or Prochloraz with Benlate) and their concentrations was found in both
seasons. The concentration 2 g I'" of the tested fungicides achieved the lowest per-
centage of infection in both seasons with greatest effect of Prochloraz in season 1
(1.8 %) and of Ronilan in season 2 (1.2%).
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Table 4. Efficacy of pre-harvest fungicidal application on gray mold rot of strawberry

‘Pajaro’ under artificial infection conditions:

% Infection
Season 1 Season 2
Dose(gl“) 0.0 0.5 1.0 2.0 0.0 0.5 1.0 2.0
Benlate 28.5 13.4 13.3 9.8 16.2 7.4 5.2 3.4
Prochloraz 28.5 3.8 3.3 1.8 16.2 7.2 6.7 5.9
Ronilan 28.5 5.8 5.0 4.8 16.2 6.0 4.3 1.2

LSD at 0.05 for fungicides: 2.1521

Significance of fungicides concentrations

Conc. mean Grouping
g/L
0.0 22.8 A
0.5 7.3 B
1.0 6.8 BC
2.0 4.5 o}

LSD at 0.05 for concentrations: 2.485

Vinchlozolin (Ronilan) Residues in Treated Strawberry fruits:

Data in table {5) present the resuits of analysis of the summer samples after
two applications at the beginning and at the end of fruit ripening. The detection limit
was 0.05 ng of Vinchlozolin. Low residue values were found in the samples analyzed. It
was determined that residues after two weeks were 0.008 and 0.084 ppm respectively
for the concentrations 1.0 g I'' and 2.0 g I'". Arrows identify the Vinchlozolin peaks at
different concentrations after three tested intervals. No run peaks were sorted for the

non- treated fruits (Fig.2).
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Fig 2. Typical Chromatograms of Vinchlozolin-sprayed Strawberry fruit extract.

Table 5. Gas chromatographic determination of Vinchlozolin residues in treated straw-

berry fruits.

Concentrations g I'' Residues of Vinchlozolin in treated strawberry fruits
(ppm)
Two days One week Two weeks
0.0 0.00 0.00 0.00
0.5 0.0172 0.1616 —_—
1.0 0.0142 0.31883 0.0082
2.0 0.0354 0.3871 0.0838

* missed sample

DISCUSSION

The fungicides used in this study varied in their effect on Botrytis cinerea linear -
growth. It was found that Ronilan and Benlate was more effective than Prochloraz.
These fungicides completely inhibited the fungal growth at a range of 5 - 10 ppm, re-
spectively. Cohen and Dennis (1975) tested in vitro, the activity of a range of fungi-
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cides on strains of B. cinerea, Mucor mucedo, Rhizopus stolonifer and Rhizopus exualis.
Dichlofluanid and Dichloran were more active than the other fungicides against all

strains of B. cinerea.

Under natural infection of strawberry fruits in the field, spraying the fungicides
Ronilan, Benlate, and Prochloraz at three rates, 0.5, 1.0, and 2.0 g | -1 minimized the in-
cidence of gray fruit rot to different extents according to the concentrations. Signifi-
cant differences were obtained among concentrations used, being high at greater con-

centration.

Benlate, Ronilan, and Prochloraz at concentrations of 0, 0.5, 1.0, and 2.0 g | A
were sprayed two weeks before harvest. The application was made 48 hours after the
artificial inoculation with B. cinerea. Resuits indicated that all tested fungicides gave
sufficient control against fruit rot disease. The lowest percentage of infection was ob-
tained with 2.0 g/liter for Ronilan as compared with the other fungicides. These find-
ings confirmed results by many investigators. Borecka et al. (1973) reported that gray
mold in strawberries caused by B. cinerea can be adequately controlled by three to four
applications of selected chemicals beginning at the white bud stage and continuing at 7
days intervals until the first fruits begin to ripen. Benomyl provide excellent control ac-

companied by marked increase in yield.

Dommer and Mangold (1977) reported that Ronilan (Vinchlozolin) effectively
controlled B. cinerea on grapes and strawberries. Paulus et al. (1978) mentioned that
for the control of B. cinerea on Tioga and Tufts strawberries cvs. spraying with Ronilan
(Vinchlozolin) resulted in lower number of rot-infected fruits. The highest yield was ob-
tained with BASF 352 (Vinchlozolin) and Captan + Benlate (Benomyl). Also, Duchon-
Doris (1980) reported that Ronilan (Vinchlozolin) 50% at 0.2 kg/ha applied 3 times be-
tween the beginning of strawberry flowering and the appearance of the first green
fruits gave satisfactory (70%) control of B. cinerea. Accordingly, from the obtained
data, Ronilan (Vinchlozolin) 50% gave a complete inhibition of fungal development,
therefore, the fungicide Ronilan was the candidate for the residue analyses in treated

strawberries.

Residues of Vinchlozolin were determined as pg/kg weight. The residues after

two weeks were 0.008 and 0.084 ppm for 1.0 and 2.0 gl -1, respectively. For the
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check, no residue was detected for the non-treated fruits. These results conform with
those of Duchon-Doris (1980) who reported that the permissible residue in strawberry
fruit treated with Ronilan 50% is 5 ppm. The metabolism of Vinchlozolin in plants has
been studied in strawberries. The metabolic breakdown begins with the opening of the
ring in the heterocyclic part of the molecule and proceeds to form metabolites which

are derivatives of 3, 5-dichloranilin and very polar metabolites (Anon, 1984).

As the recovered residues of Ronilan (ppm) in treated strawberries at tested
concentrations is greatly lower than the permissible level (5 ppm) in strawberries, the
pre harvest application of Ronilan at tested concentrations on strawberry is recom-

mended.
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