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Abstract: This investigation 1s the first report in Jordan, aimed for in vitro evaluation of six fungicides and their
combinations, to control the post harvest green mold (Penicillium digitatum) of citrus fruits. Thirty one
different concentrations (0.01-3000 ug mL.~") of each fungicide, in addition to & combined concentrations from
each of 7 fungicide mixtures, were tested using Agar well diffusion method against four fungal strains.
Regression analysis, one way ANOVA and Post Hoc Multiple comparisons were carried out to test the
significance of these treatments. Results of regression analysis indicated significant correlation (p<0.01)
between fungicide concentration (g mI.~") and inhibition zone {mm) of tested strains. All applied fungicides
have resulted in complete inhibition of fungal growth in the fowr tested strains with MIC values ranging from
5to 2700 pg mL~". Canvil and Ranvil of the DMI family were the most effective against tested strains (except
strain dg6) where an MIC in the range of 5 to 150 pg mL ™" was required. Benomyl has worked effectively with
the least MIC values against the four tested strains. The obtained Benomyl's MIC values were: 20, 40, 300 and
40 pg ml. " against strains dg2, dg4, dg5 and dg6, respectively. One way analysis of variance indicated that the
following fungicide mixtures: Benomyl/Canvil; Topsiy/'Vydan, Blin/Canvil; Topsin/Blin and Topsim/Canvil had
significantly (p<c0.001) affected the sizes of inhibition zones, in stramns dg2, dg2 and dg5, dg2 and dg4, dg2 and
dg4, respectively. Scheffe multiple comparisons analysis showed that there were significant differences
(p=<0.001) between the combined concentrations of 50:30 pg mL. " or 100:100 pug mL™ of Benomyl/Canvil mixture
and the rest of tested concentrations where complete inhibition of growth was achieved at a combination of
100:500 pg mL~". The mixtures of Benomyl/Canvil and Blin/Canvil were the most effective against strains where,
wither complete inhibition or the largest inhibition zones were obtained at the least (50:50 pg mI.™") combined

concentrations.
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INTRODUCTION

Citrus fruits are susceptible to a number of decay
causing diseases that affect the quality and shelf-life of
the crop (Bouzerda et al., 2003). The type and severity of
decay depend on the disease causes organism, climate,
variety of the fruit, agricultural practices and the pre- and
post-harvest handling practices (Holmes and Eckertm,
1999). In absence of efficient disease control strategies,
overseas citrus trade would significantly be reduced since
the transport of citrus fruits from producers to consumers
may take several weeks or months (Bouzerda ef af., 2003).
The post harvest losses of fresh citrus fruits are estimated
to be between 10 to 30% worldwide and may reach a much
higher percentage m less developed countries
(Janisiewiez and Korsten, 2002; Spadaro and Gullino,
2004). Green and blue mold rots caused by Penicillium
digitatum (Pers: Fr.)) Sacc and P. italicum Wehmer
respectively, are probably the most common post-harvest
diseases, affecting citrus fruits worldwide (Holmes and

Eckertm, 1999; Barkai-Golan, 2001; Plaza et al., 2003).
These fungal species are strongly associated with citrus
fruits as particular habitats (Samson et al., 2004). The
green mold invades the fruit much more rapidly at room
temperature and predominates in mixed infections,
causing approximately 60-80% of decay (Palou et al.,
2001 ; Skaria ef al., 2003, Plaza et al., 2004). Citrus industry
relies on the extensive use of chemical fungicides as a
standard practice for the control of post harvest rots
(Barkai-Golan, 2001; McGrath, 2001; Pramila and Dubey,
2004). These fungal diseases are commonly controlled
worldwide (Lopez-Garcia et al., 2003; Valwskaite et af .,
2006) and particularly in California Citrus packinghouses
(Holmes and Eckertm, 1999, Plaza et al., 2003), by the
application of the sterol demethylation mhibitor (DMI)
group of fungicides, such as Imazalil, O-pheny! phenol
and thiabedazole fungicides. Furthermore, the DMI
members of fungicides have shown protective activity
agamst Ascomycota and basidiomycota (Syaona and
Mansfield, 2001; Savocchia et al., 2004, Gopi et al., 2005;
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Sugiura et al., 2006). The systemic benzimidazole Benomyl
{Benlate) fungicide which has a single site mode of action
has shown high activity m upsetting mitotic cell division
in Penicillium species, by inhibiting B-tubulin assembly
(Tsuda et al., 2004; Dalgie, 2005). Topsin M (Methyl-
thiophanate) 1s a broad-spectrum systemic benzimidazole
fungicide, which shows great adhesion properties has
provided excellent control for several fungal diseases
including powdery and downy mildews, smut, wheat and
brown rusts (Siddiqui et al., 1999). However, with the
constant threats of having fungicide resistance in decay
causing organisms, due to the recurrent use of the same
active ingredients there is a need to expand and diversify
decay control options (Irtwange, 2006, Surviliene and
Dambrauskiene, 2006). This particular work has aimed to
overcome these threats, through the discovery of new
reduced nisk fungicides by evaluating in vitro six
fungicides including the ones that share the same active
compenent but sold under different commercial names.
Secondly, to evaluate the effectiveness of fungicide
mixtures against tested strains of P. digitatum hoping in
reaching new decay control options.

MATERIALS AND METHODS

This study was conducted during the year 2007 in
laboratories of biological sciences department at Mu'tah
University-Jordan.

Penicillium digitatum tested strains: Comdiospores of
four (dg2, dg4, dg5 and dg6) P. digitatum strains were
obtained from spoiled citrus (orange (Citrus sinensis L..)

and lemon (Citrus limon L) fruts, collected from two
Jordanian cities: Irbid and Al-Karak.

Media used: The Aspergillus nidulans complete (CM)
medium described previously by Cove (1966) was used
{gave maximum zone of growth as compared to Potato
Dextrose Agar (PDA) media) with slight modification
(i.e., pH 5.5, supplemented with 10 mM glutamic acid and
10 g L' fructose as C-source).

Purification of strains: Conidiospores from each tested
strain were grown for 7 days at 25° C on CM plates (Cove,
1966) to confum their purity and identity. Purified
comidiospores  sSUSperisions physiological
Saline/Tween 80 solution were used at a concentration of
approximately 110" spores mm ™. Aliquot of 100 pI. from

m 5 mL

a serial dilution of 107" or 107" were plated again on
complete media in order to aclieve single pure colony as
a source of pure culture (Zhang et al., 2004).

Optimal growth conditions of tested fungal strains: Nine
replicates (for each tested condition) of comdiospores
suspension (20 pl) from each tested stram were
noculated into complete media, having different pH
regimes (ie., 3,4, 5,55, 6, 6.5, 7, 7.5, 8 and 9) for optimal
pH testing. The following N-sources were used at a
concentration of 10 mM each: Urea; T-proline, L-lysine,
L-arginine, L-adenine, L-glutamine, NH,*, NO,” and
L-histidine) for best serving nitrogen source at optimal
pH of 5.5. In order to determine the optimal temperature of
growth plates of complete media adjusted to optimal
pH of 5.5 and supplemented with 10 mM glutamic acid as
best serving N-source were incubated at four temperature
regimes (1e., 10, 20, 25 30 and 37°C). Also, various
C-sowrces (glucose, sucrose, sorbitol, fructose and
maltose) were tested at a final concentration of 10 g L™ to
determine the best serving C-sowrce. Each group of nine
replicates were incubated for 5 days, at 25°C or at the
tested temperature then the radius of each growing
colony was measured n two directions at right angles to
each other.

Tested fungicides: Six chemical fungicides were tested
and these are: (1)- Bayfidan Twf ,,, EC (Vydan)
containing Triadimenol as an active gradient:
C,HCIN,O, Vapco. Com. Jordan. (2)- Blin exa .., SC, [QV
Spain. (3)- Canvil 5, Vapco.Com. Jordan. (4)- Ranvil .,
Chem. Vet. Jordan, where all of the latter three fungicides
contain hexaconazole 5% as an active ingredient and have
the same formula: C,,H,;CI,N,O. (5)- Benlate (Benomyl) s,
W.P: C,H,;N,0,, Vapco. Com. Jordan. (6)- Topsin M 4,
W.P: C,H,,N,O,S, Nippon soda Japan.

Application of fungicides-non-amended medium in vitro:
Aliquot of 100 ul. spores suspension (approx: 10°
spores/mL) of each tested strain was cultwed by
streaking in radial patterns on the surface of 9 cm in
diameter sterile plastic petridishes containing the above
mentioned complete medium. The Mimnimum Inhibitory
Concentration (MIC) of each tested fungicide was
determined using the agar well diffusion method
(Ogundare et al., 2006, Ndukwe et al., 2006). Wells of
6 mm in diameter were performed (3
wells/plate/concentration) then a range of 31
concentrations (0.01; 0.05,0.1;0.5;1; 2; 5, 10; 15; 20; 25;
30;35; 40, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500,
750, 1000, 1500, 2000; 2400, 2700 and 3000 ug mL.™") from
each of the six tested fungicides were used against each
tested strain. The plates were incubated at 25°C for 5 days
before measuring the radius for the zone of mlubition
around each well. Each experiment was repeated three
times for conformation of results. Control experunents
were carried out along with each treatment where sterile
distilled water was loaded into wells instead of fungicide.
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Application of fungicides combinations in vitro: The
procedure described above for in vitro application of
single fungicide treatment was followed here using 6
different combined concentrations (50:50, 100:100, 100:500,
5300:1000, 1000:1000 and 1000:2000 pg mL.~") with each
pair-wise mixture of fungicides. Seven different fungicide
mixtures were used agamnst the four tested fungal strain
and these mixtures are: Benomyl/Canvil; TopsinM/Canvil;
Blin exa/Vydan; TopsinM/Blin exa;, Vydan/Canvil,
TopsinM/Vydan and Blin exa/Canvil. However, each
combined concentration of a particular fungicide mixture
was loaded nto the same well, where 3 plates and each
with 3 wells were used for each combination.

Statistical analysis: The concentration of fungicide
producing 50% growth inhibition (IC.;) and the Minimum
Inhibitory Concentration (MIC) of fungicide, or fungicides
combination were calculated by regression analysis for
the relationship between the size of intubition zone (mm)
and the fungicide concentration (Log value). The
Microsoft Excel 2003 and the SPSS program version 10
were used in such analysis. One way ANOVA was
carried out to determine the significant effect of seven
fimgicide's mixtures on sizes of mhibition zones of studied
P. digitatum strains. This was followed by Post Hoc
multiple comparisons to determine the significance level
of applied combined concentrations of fungicide's
mixtures and their interactions on sizes of inhubition zones
for the studied strains of P. digitatum.

RESULTS

Optimal growth conditions for tested fungal strains: The
obtained results indicated that fiuctose was serving as
the best sole source of carbon for the growth of the four
(dg2, dg4, dg5 and dg6) tested 1solates of P. digitatum
under two temperahwe regimes: 25 and 20°C. The obtained
zones of growth at these temperatures were 30.5+1.7 and
35.5+1.8 mm, respectively. Furthermore, glutamic acid and
ammonium were serving as the best sole sources of
nitrogen when cultures were incubated at 25 and 20°C,
respectively. The obtained maximum zones of growth
have reached 30.443.2 and 31.6+2.3 mm, respectively. The
obtamed optimal pH (within a range of pH from 5 to 9) for
growth of isolates at either 25 or 20°C was pH 5.5, where
the maximum zone of fungal growth has reached
24.55+5.6 mm at 25°C and 22.3243.3 mm at 20°C.

Sensitivity of four wild-type strains of P. digitatum to six
chemical fungicides (in vitro): Results of regression
analysis in vitro indicated that there was significant
correlation (at the 0.01 level- 2-tailed) between fungicide's

concentration {ug mL™" and the size of inhibition
zone (mm) for the tested strains (dg2, dg4, dg5 and dg6)
of P. digitatum (Table 1). The fungicide Canvil was
serving as the most effective against strains dg4 and dg5
where, MIC values of 5 pg mL.™" (IC,; = 1.9 pg mI.™") and
25 pg mL™" (IC,; = 21.7 ug mL™") were obtained,
respectively. In contrast, the same fungicide (Canvil)
had shown antagomstic effect agamst strains dg6 and
dg2 (i.e., being the least effective) where the obtained
MIC values against the strains were 2700 pg mL ™" (IC,, =
2470 pg mL™") and 50 pg mL™' (IC,, - 10 pg mL™"),
respectively. However, results indicated that Ranvil was
the most effective against strain dg2 (Fig. 1) where, an
MIC value of 10 pg mL.~" and an IC;, value of 6 ug mL™
were obtained. Whereas, Benomy! was the most effective
against strain dg6 in which an MIC of 40 pug mL ™" and IC;;
of 36 ng mI.~" were obtained (Table 1).

Sensitivity of P digitatum strains to combined
concentrations of fungicides mixtures

One way ANOVA: One way analysis of variance had
indicated that the combination of Benomyl/Canvil had
significantly affected the sizes of mimbition zones in
strains dg2 (p = 0.000) and dg5 (p = 0.000) of F. digitatum,
but not dg4 (p = 0.527) and dg6 (p = 0.556) strains.
However, the combinations of Topsin M/Canvil and Blin
exa/Vydan had shown significant effect (p = 0.000) on
sizes of mhibition zones of the tested stramns, except strain
dg?2 where, the obtained p-values have reached 0.859 and
0.558, respectively. Furthermore, the combination of
Topsin M/Blin exa had significantly (p = 0.000) affected
the zones of all tested strains (Fig. 2), except strain dg4
(p = 0.081 ) whereas, the combination of Blin exa/Canvil
had significantly (p = 0.000) affected the size of zones in
tested strains except strain dg6 (p = 0.334).

Scheffe multiple comparison: Effect of Benomyl/Canvil
Mixture of Fungicides on Growth of Tested Fungal Strains
Result presented in Table 2 indicated that the mixture of
Benomyl/Canvil had caused complete nhibition of
strain dg2 growth at a combined concentration of 100:500
and over. Whereas, the remaining tested strains have
shown minimum zones of mhibition in the range of
40.548.5 to 49+6.9 and maximum zones in the range of
51.5410.6 to 56.546.6 at combined concentration of
50:50 and 1000:2000 pg mL™" respectively (Table 2).
Scheffe multiple comparison indicated that there was
significant difference (p = 0.000) between the 50:50 and
100:100 pg mL~™" combined concentrations of
Benomyl/Canvil and the rest of the tested combinations
(1.e.,100:500; 500:1000; 1000: 1000 and 1000:2000) on zones
of stramn dg2. Also, there was significant difference (at the
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Table 1: Sensitivity of four wild-type strains of Peniciffitm digitatiom to six chemical fungicides (in vitro)

Fungicide/concentration  Fungal Mean inhibition zone MIC

range (ug mL~) strain (mm)+SD (Range) 1Cs (ug) Equation Coeft () Sig (2-tailed)
Benoryl ded Y =23.20x+17.30 0.837## 0.000
0.01-35 0.0- 13.5¢1.42 37 40

40-3000 CIt

Canvil dg4 Y =14.87x+53.114 0.855 0.000
0.01-2 14+£5.70-45.5+7.78 1.9 5

5-3000 Cl

Vydan ded Y =20.87x+17.05 0.85] #+# 0.000
0.01-150 0.0-36.5+9.19 157 200

200-3000 CT

Rarvil degd Y =19.503x+35.84 0.837%* 0.000
0.01-15 11+£1.33-20+4.65 168 20

20-3000 Cl

Blin exa ded Y =23.68x+11.79 0.838%#* 0.000
0.01-50 1.0-37£2.26 58 100

100-3000 CI

Topsin M degd Y =22.(dx+23.59 0.887%* 0.000
0.01-35 0.0-34.5+£2.71 36 40

40-3000 Cl

Benoryl det Y =21.88x+23.8 0.884 ++ 0.000
0.01-35 0.0-30.5+¢3.41 36 40

40-3000 CT

Canvil dgé Y =6.65x+12.85 0.52] 0.003
0.01-2400 0.0-304+2.83 2470 2700

2700-3000 Cl

Vydan det Y=19.43x+0.881 0.754 % 0.000
0.01-400 0.0-20.5+1.75 420 450

450-3000 CT

Ranvil dgé Y =11.96x+4.45 0,550 0.001
0.01-1500 0.0-20+£3.52 1720 2000

2000-3000 Cl

Blin exa dgt Y =10.64x+3.99 0.644 ** 0.000
0.01-2000 0.0-20+11.2 2140 2400

2400-3000 CI

Topsin M dg6 Y =11.87x+0.008 0.681 ** 0.000
0.01-2000 0.0-28.5+1.42 2110 2400

2400-3000 Cl

Benomyl dg2 Y =19.86x+34.10 0.875%* 0.000
0.01-20 1041.42- 29.5+0.71 20.7 25

25-3000 CT

Canvil dg2 Y =17.52%x+37.03 0.92] 0.000
0.01-40 17.5+4.95-51.547.78 10 50

50-3000 Cl

Vydan dg2 Y =22.004x+22.80 0.870%* 0.000
0.01-34 4.5+6.4-27+1.41 36 40

40-3000 CT

Ranvil dg2 Y = 15.66x+49.69 0.856 0.000
0.01-5 15.5+£2.12-33.547.8 [ 10

10-3000 CI

Blin exa dg2 Y =20.15x+37.73 (.888*#* 0.000
0.01-10 0.0-43.5+4.95 10.2 15

15-3000 CI

Topsin M dg2 Y =22.21x+22.84 0.883 % 0.000
0.01-35 0.0-27.5£1.74 346.5 40

40-3000 Cl

Benomyl dg5 Y =18.90x+16.01 0.796** 0.000
0.01-250 10.541.53-27+1.77 262 300

300-3000 CI

Canvil dgs Y =21.024x%+30.81 0,775 0.000
0.01-20 3.5+1.36- 26£1.44 21.7 25

25-3000 Cl

Vydan de5 Y =12.81x+13.39 0.668%# 0.000
0.01-750 10.5+0.71-25.5+0.71 825 1000

1000-3000 CT

Ranvil dgs Y =22.115%+21.33 0.9 0.000
0.01-100 0.0-5241.46 29 150

150-3000 Cl
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Table 1: Continued

Fungicide/concentration  Fungal Mean inhibition zone MIC

range (ug mL~Y) strain (mm)=SD (Range) ICy (ng) Equation Coeff (r) Sig (2-tailed)
Blin exa de5 Y =22.48x+25.54 0,905+ 0.000
0.01-30 0.046.5+£9.19 21.2 35

35-3000 CT

Topsin M dgs Y =936x+892 0.599## 0.000
0.01-2000 0.0-23+2.65 2113 2400

2400-3000 Cl

Values are means+8D of three independent experiments. 1: Denotes for Complete Inhibition of fungal growth, **Correlation is significant at the 0.01 level

(2-tailed) , *Correlation is significant at the 0.05 level (2-tailed)

Table 2: Effect of different cambined concentrations of fungicides mixtures on the size of inhibition zone of four (dg2, ded, dg5 and dg6) wild-type strains of

P. digitatum

Zone of Inhibition (mm) = Mean+SD
Combined concentrations

Fungicides

combinations 50:50 100:100 100:500 500:1000 1000:1000 1000:2000 Strain

Beno/Can} 42+£9.9 46.5+7.8 47.5+9.2 50+11.3 50+8.5 52.5+10.6 dgd
42.5£6.9 41.5+6.8 CIt Cl Cl Cl dg2
49+0.9 48.5+6.9 52+6.89 52.5+6.83 53.5+6.7 56.5+6.6 dg5
40.5£8.5 4348.6 45.548.7 48+8.2 4748.3 51.5+£10.6 dg6

Top/Vyd 3442.6 38+3.9 42+4.5 46+6.6 52473 58+5.2 dgd
32458 36+4.6 39+£3.6 42+5.2 Cl Cl dg2
31+4.5 33+3.8 39+2.9 39+2.4 CI CI dg5
28+1.6 33222 38+6.2 42433 48+1.5 53+4.1 dg6

Vyd/Can 41+3.6 42 5+3.6 4333 47.5+2.6 47.5+3.7 4943 4 dg4
42+2.6 47+2.2 47+1.8 51+£1.1 53+£3 .4 56+4.5 dg2
28+5.6 32+£5.9 34+3.6 37£2.5 41+1.7 43+3.1 dg5
27+2.8 31£5.3 34£33 3942 43+2.5 46+2.2 dg6

Blin/Can 41+1.2 52+1.8 CI CI CT CI dgd
43+5.3 53+3.6 56+£2.1 Cl Cl Cl dg2
41+4.6 41+6.2 41.5+1.5 41.5+3.4 41.5£2.4 42.5+6.2 dg5
32+5.6 36455 38£7.2 43+4.6 4643.2 48+5.6 dg6

Top/Blin 40.5+5.2 42+3.2 42+2.0 45+3.3 46.5£2.2 48+4.1 dgd
414£2.1 46+3.7 534+4.6 58+7.5 CI CI dg2
38+1.5 41+4.6 44423 49+3 4 52+1.8 56+£5.4 dg5
26L£2.5 3148 34£7.1 37825 30445 39£5.6 dg6

Top/Can 42£1.5 46+4.5 52+4.6 CI CI CI dgd
39+£2.8 43£5.7 43,5432 43.5£3.8 44.5£3.6 4745.5 dg2
37+4.7 39+5.7 41+2.5 43+3 .4 43+6.1 47+3.5 dg5
36+3.4 36£2.6 37£3.5 39823 40+4.1 40.5+£2.5 dg6

Blin'Vyd 29.5+1.5 33+2.5 38+4.3 41.543.6 45.5+£3.5 49.5+7.2 dgd
41+2.6 41.5£3.3 42,5433 42.5+4.2 42.5£5.1 4942 6 dg2
29.5+1.4 32.5+1.3 38.5+£2.2 41.5+4.3 43.5£7.1 45.5+3.6 dg5
33.542.4 34£3.2 35£2.6 36.5£3.3 3742 38.5£2.6 dg6

Values are means+SD of three independent experiments. {Beno, denotes for: Benomyl; Ran, denotes for Ranvil; Top, Topsin M; Vyd, Vydan; Can, Canvil;

Blin, Blin exa fungicide. TDenotes for complete inhibition

0.05 level of significance) between the former
combinations and the 1000:1000 and 1000:2000 ug mL.™
combimations on zones of strain dg5.

Effect of topsin/canvil mixture of fungicides on growth of
tested fungal strains: The combination of
TopsinM/Canvil had generated complete inhibition
in stran dgd, ata combmmed concentration of
500:1000 pgml~" and higher (Table 2). In addition, the
results significant
{(p = 0.000) between the combmed concentrations of
50:50 pg mL~" of TopsinM/Canvil fungicides and the rest
of combined concentrations (excluding the combination
of 100:100; p = 0.210) on the sizes of inhibition zones of

obtained indicated difference

strain dg4. There was significant difference between the
combination of 50:50 and 1000:1000 (p = 0.031) or
1000:2000 (p=0.003) ug mL " on sizes of strain dg3 zones.
In contrast, the latter combinations had reflected no
significant difference on sizes of inhibition zones in
strains dg2 and dgé.

Effect of blin exa/vydan mixture of fungicides on growth
of tested fungal strains: None of the combined
concentrations of Blin exa/Vydan mixture of fungicides
had generated complete mhibition, in any of the tested
strains of P. digitatum (Table 2). However, all combined
concentrations of Blin exa/Vydan had significantly
affected the sizes of inhibition zones in strains dg4 and
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d
8

Penicillium digitatzam strain dg? treated with canvil fungicide

Fig. 1. Inwvitro study of the effect of 14 different concentrations (0.01; 0.05, 0.1; 0.5; 1.0, 2.0; 5.0, 10; 15, 20, 25; 30,

35 md 40 pg mL™Y of the chemical fungicide canvil, on the size of inhibition zone of Penicilfiwn digitatum
strain dgZ using agar well diffusion method

Effect of topsin M/Blin exa misxture on zones of strain dg2 of P, digitatum

100: 100 pg

L00:500 pg S00:1000 pg

1000:2000 pg

1000; 1000 pg

Fig. 20 The effect of different combined concentrations (30:50; 100:100; 100:500; S00:1000;, 1000:1000 and

1000:2000 pg mL™" of topsin m and blin exa mixture of fungicides, on the size of inhibiHon zone of
Penicillium digitatum sirain dg2 using agar well diffusion method §n vitre). Complete inhibition of fungal
growth was obtained at the highest combined concentraii ons
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dg5. In contrast, there was no significant difference
between the tested combined
zones of strain dg6 except between the combinations
of 50:50 or 100:100 ug mL™" and the combination of
1000:2000 pg mL ™",

concentrations on

Effect of topsin/blin exa mixture of fungicides on growth
of tested Fungal strains: The combination of Topsin
M/Blin exa had lead to complete inhibition of strain dg2
growth (Fig. 2) at combined concentrations of 1000:1000
and 1000:2000 pg mL~" (Table 2). In addition, there was
significant
concentrations of 50:50 pg ml~' and the rest of
tested concentrations (except the combination of
100:100 pug mL™"; p = 0.178) on the size of inhibition
zones of strain dg2 (Fig. 2). Moreover, results indicated
that there was significant difference between the
mixture of 50:50 pg mL™" and any of the following
combinations: 500:1000 (p=0.016); 1000:1000 (p=0.001),
1000:2000 pg mL.~" (p = 0.000) on the sizes of strain dg5
zones of inhibition. There was significant difference

difference  between the  combined

between the combination of 50:50 pg mL ™" and any of the
following combinations: 500:1000 (p = 0.016), 1000:1000
{p=0.002), or 1000:2000 pg mL~" (p = 0.002) on zones of
strain  dg6. In contrast, the tested
concentrations had shown no sigmificant difference on
zones of stram dg4.

combined

Effect of vydan/canvil mixture of fungicides on growth of
tested fungal strains: None of the combined mixtures of
Vydan/Canvil fimgicides had generated complete
inhibition, in any of the tested strains of P. digitatum. The
maximum zones of inhibition obtained with this mixture
have reached a value in the range of 4343.1 to 56+4.5 mm
against the tested strans at a combined concentration
of 1000:2000 ng mL.~' (Table 2). However, there was
significant  difference  between the
50:530 pg mL™' and any of the following mixtures:
500:1000 pg mL ™ (p = 0.019); 1000:1000 (p = 0.005), or
1000:2000 pg mL~" (p = 0.001) on zones of strain dg2.
Furthermore, there was significant difference between
the combination of 1000:2000 pg mL ™" and any of the
50:50 ug mL ™" (p= 0.002) or 100:100 pg mL ™ combinations
(p=10.021) on =zones of strain dg5 Moreover, there
was significant difference between the

mixture of

mixture of
50:50 pg mL™' and the rest of tested combinations
{excluding the combination of 100:100; p=0.316) on zones
of strain dg6. In contrast, significant difference was
noticed between the combination of 100:500 pg mI.~" and
the rest of tested combinations (except the combination of
500:1000 pug mL™";, (p = 0.076)) on zenes of strain dg6.

Effect of topsin/vydan mixture of fungicides on
growth of tested fungal strains: This mixture had
generated complete inhibition of growth in strains dg2
and dg5 at combined concentrations of 1000:1000 and
1000:2000 pg mL~" (Table 2). In addition, the obtained
results indicated that there was significant difference
between the combined concentration of 50:50 pg mlL™
and any of the following combinations: 500:1000
(p=0.004), 1000:1000 (p=0.000), 1000:2000 (p = 0.000) on
zones of strain dg4. Moreover, there was significant
difference between the mixture of 100:500 pg mL ™" and
the mixture of 1000:1000 pg mL™' (p = 0.014) or
1000:2000 pg mL~" (p = 0.000) on zones of strain dg4.
There was significant difference between the mixture of
50:50 of Topsin M/Vydan and the rest of tested
combinations (except the combination of 100:100 pg mL.™
{(p=0.241)) on zones of strain dg2 (Fig. 3). Also, there was
significant ~ difference between the combination of
100:500 pg mL.~" and the rest of combinations (excluding
the combination of 500:1000 pug mL™"; (p = 0.747)) on
zones of dg2 strain (Fig. 3). Concerning the effect of
Topsin M/Vydan mixture on zones of strain dg5, results
indicated that there was sigmficant difference between
the mixture of 50:50 pg mL.~" and the combination of
1000:1000 (p = 0.000) or 1000:2000 pg mL™" (p = 0.000).
Also, there was sigmficant difference between the
combination of 50:50 pg mlL~' and the rest of
combinations (except the combination of 100:100 ug mIL ™,
{(p = 0.289)) on zones of strain dg6 (Fig. 3). Furthermore,
there was significant difference between the combination
of 5300:1000 ng mL.™" and the rest of combinations
{except the combination of 1000:1000 pg mL™"; (p =
0.236)) or between the combination of 1000:1000 pg mL.™
and the rest of combinations (except the combination
of 1000:2000 pg mL™"; (p = 0.350)} on zones of dg6 strain.

Effect of blin exa/canvil mixture of fungicides on growth
of tested fungal strains: The combination of Blin
exa/Canvil had generated complete mhibition, of fungal
growth m strams dg4 and dg2 at combined concentrations
of 100:500 and 500:1000 pg mL.~, respectively (Table 2).
There was significant difference between the combined
concentrations of 50:50; or 100:100 pg mI.~" and the rest
of tested concentrations on sizes of strain dg4 zones of
inhibition. Concermng strain dg?2 zones of mhibition, there
was sigmficant difference between the combmation of
50:50 ng mL. 7" and the rest of combinations. Also, there
was significant difference between the combined
concentration of 50:50 pg mI.~" and the combination of
1000:1000 pg mL ™, (p = 0.038) or the combination of
1000:2000 pg mL ™" (p = 0.009) on zones of strain dgé. In
contrast, there was no significant difference between all
of the tested combinations on sizes of strain dg5 zones of
inhibition. Results presented in Table 3 indicated that
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Effect of topsin/Vydan mixture on strains dg2 and dg 6 of P. digifatim

100:500 pg

500:1000 pg

1000:1000 pg

1000:2000 pg

dg2: P. digitatum

dg6: P. digitatum

Fig. 3: In vitro study of the relationship between the combined concentrations (50:50; 100:500; 500:1000; 1000:1000;,
1000:2000 pug mL™") of topsin m and vydan mixture of fungicides and the size of inhibition zone (mm) for two wild-
type strains (dg2 and dg6) of P. digitatum using agar well diffusion method. Complete inhibition of growth was
obtained in strain dg2 at the highest two combined concentrations

Table 3: Regression analysis for the relationship between the size of inhibition zone (mm) and the concentration (ug mL ™) of combined fungicides on four

wild-tvpe strains of P. digitatum (in vitro)

Combined} BReno/Can Top/Can Vyd/Can Blin/Vyd Top/Blin Top/Vyd Cone
Fungicides (1) sig () sig (1) sig () sig () sig (1) sig (1) sig Strain
Beno/Can 0.826% dg2
0.043
Top/Can 0.715 0.916* dg2
0.110 0.010
Vyd/Can 0.744 0.941 ** 0.982 % dg2
0.090 0.005 0.000
Blin/Vyd 0.480 0.776 0.741 0.750 dg2
0.336 0.070 0.092 0.086
Top/Blin 0.695 0.813* 0.911* 0.661 0.9 dg2
0.125 0.049 0.012 0.153 0.005
Top/Vyd 0.587 0.759 0.859+ 0.651 0.989#+ 0.886* dg2
0.220 0.080 0.028 0.161 0.000 0.019
Blin/Can 0.786 0.772 0.928%* 0.543 0.840* 0.766 0.925 ## dg2
0.064 0.072 0.008 0.266 0.036 0.076 0.008
Combined Beno/Can Top/Can Vyd/Can Blin/Vyd Top/Blin Top/Vyd Conc
Fungicides (1) sig () sig (1) sig () sig () sig (1) sig (1) sig Strain
Beno/Can 0,959 % dg4
0.003
Top/Can 0.878* 0.915% dg4
0.022 0.010
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Table 3: Continued

Combined Beno/Can Top/Can Vyd/Can BlinVyd Top/Blin Top/Vyd Conc
Fungicides (1) sig () sig (r) sig (r) sig (r) sig (1) sig (1) sig Strain
Vyd/Can 0,930 %% 0,982+ 0.96] ** dgd
0.006 0.000 0.002
Blin'Vyd 0.955%* 0.911* 0.956% 0,99 % dgd
0.003 0.011 0.003 0.000
Top/Blin 0.928%* 0.9y 0,979 0.977] 0,979 %% dgd
0.008 0.005 0.001 0.001 0.001
Top/Vyd 0.936%* 0.889* 0.9 5+ 0,903 s 0.980%* 0,995 % dgd
0.006 0.018 0.004 0.000 0.001 0.000
Blin/Can 0.863% 0.786 0.793 0.860* 0.738 0.794 0.844% dgd
0.027 0.064 0.060 0.028 0.094 0.059 0.035
Combined Top/Can Beno/Can Top/Vyd Blin/vyd Top/Blin Vyd/Can Conc
Fungicides () sig (r) sig (r) sig (r) sig (r) sig () sig () sig Strain
Top/Can 0.977** dg5
0.001
Beno/can 0.962** 0.96] ** dg5
0.002 0.002
Top/Vyd 0.790 0.833* 0.877% dg5
0.061 0.039 0.022
Blin/vyd 0.957** 0.943 ## 0.801 0.980** dg5
0.003 0.005 0.056 0.001
Top/Blin 0.977** 0.953 ## 0.873% 0.973 ## 0.997 ** dg5
0.001 0.003 0.023 0.001 0.000
Vyd/can 0.959 0.927## 0.893% 0.971 ## 0.991#* 0.996** dg5
0.002 0.008 0.017 0.001 0.000 0.000
Blin/can (.888+ 0.964## 0.724 0.833% 0.714 0.995** 0.845+ dg5
0.018 0.002 0.104 0.040 0.111 0.000 0.034
Combined Top/Can Beno/Can Top/Vyd BlinVyd Top/Blin Vyd/Can Conc
Fungicides (1) sig () sig (r) sig (r) sig (r) sig (1) sig (1) sig Strain
Top/Can 0.96] ** deb
0.002
Beno/Can 0.786 0.891% deb
0.064 0.017
Top/Vyd 0,951 *+ 0.917 0.998 %+ dg6
0.004 0.010 0.000
Blin'Vyd 0.968%* 0.889 0.988 0,990 %% deb
0.001 0.018 0.000 0.000
Top/Blin 0.925%* 0.861 0.962 0,926 0.960%* deb
0.008 0.028 0.002 0.008 0.002
Vyd/Can 00,954 % 0.885* 0.996 0,953+ 0.980G+* 0,99 % deb
0.003 0.019 0.000 0.003 0.000 0.000
Blin/Can 0,047 %% 0,928 0,998 0.977] 0.982%# 0,980 % 0,993 % deb
0.004 0.008 0.000 0.001 0.000 0.000 0.000

*#*Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). {: Beno, denotes for: Benomyl; Ran, denotes
for Ranvil; Top, Topsin M; Vyd, Vydan; Can, Canvil; Blin, Blin exa fingicide

there is significant correlation between the combined
concentrations, of six out of seven, (excluding Blin
exa/Vydan mixture (r = 0.750 and p = 0.086) fungicide
mixtures and the resulting zones of inhibition in strain dg2
of P. digitatum:. ITn addition, there is significant correlation
between the combined concentrations of Topsin
M/Canvil and Vydan/Canvil (r = 0.941**, p = 0.005) or
between Topsin/Canvil and Topsin M/Blin exa (r = 0.813%;
p = 0.049) mixtures and the sizes of inhibition zones in
strain dg2. Also, there was significant correlation between
the combined concentrations of Vydan/Canvil and that of
Topsin M/Blin exa (r = 0.911%; p = 0.012) or Topsin
M/Vydan (r=0.859%, p=10.028) or even Blin exa/Canvil
(r =0.928**; p=0.008) and the zones sizes of strain dg2
{(Table 3). Moreover, results presented in table 3 indicated
that there 1s significant correlation between the combined

concentrations of the seven tested mixtures of fungicides
and the resulting sizes of inhibition zones in strain dg4 of
P. digitatum. Also, there 1s significant correlation
between the combined concentrations of Benomyl/Canvil
mixture of fungicides and the combined concentrations of
the rest of tested mixtures, in relation to sizes of inhibition
zones of stram dgd (Table 3). Furthermore, there is
significant correlation between the combination of Topsin
M/Canvil and the rest of combined mixtures, except with
Blin exa/Canvil mixtwre (r = 0.786; p = 0.064) on zones of
strain dgd (Table 3). Furthermore, there is significant
correlation between combined concentrations of Blin
exa/Vydan and the remaining combined mixtures, also,
between the combined concentration of Topsin M/Blin
exa and Topsin M/Vydan (p = 0.001), but not with Blin
exa/Canvil (p = 0.094) on zones of strain dg4 (Table 3).
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Moreover, results indicated that there is significant
correlation between the combined concentration of the
seven tested fungicide's mixtures and the sizes of
inhibition zones i stramn dg5. There 1s significant
correlation between combined concentrations of
Benomyl/Canvil or Blin exa/Vydan or even Vydan/Canvil
and the remaimng of tested fungicides mixtures (Table 3)
on zones of strain dg5. However, the combmation of
Topsin M/Canvil was found to be significantly correlated
with the remaining mixtures, except with Topsin M/Vydan
(r=0.962; p = 0.061) in terms of increasing the sizes of
inhibition zones in strain dg5 (Table 3). In addition, the
mixture of Topsin M/Vydan was significantly correlated
with the rest of combinations except with Blin exa/Vydan
(r=0.801; p=0.056) or with Blin exa/Canvil (r=0.724,
p = 0.104). Concerning the effect of such combinations on
zones of strain dg6 results indicated that all combined
concentrations of tested mixtures of fungicides are
significantly correlated with sizes of mhibition zones of
strain dg6. The mixtures of Vydan/Canvil; Topsin M/Blin
exa; Blin exa/Vydan and Topsin M/Vydan were found to
be significantly correlated with the remaining mixtures of
fungicides, in terms of influencing the sizes of inhibition
zones of stram dg6.

DISCUSSION

Since new growth media was used instead of the
commonly used PDA medium it was essential to optimize
the growth conditions, so that the efficacy of tested
fungicides can be better evaluated otherwise, weakened
or delayed mold growth could be mistakenly attributed to
fungicidal effect resulting in false evaluation of efficacy.
In addition, the modified medium has provided maximum
zones of growth as compared to PDA medum. It is
concluded from the obtained results that Canvil and
Ranvil of the DMI family were the most effective
fungicides against all strains (except dg6; MIC in the
range of 2000 to 2700 ug mL ") where an MIC in the range
of 5 to 150 pg mL™" was required. More specifically,
Canvil was the most effective against strains dg4 and dg5
where an MIC of 5 and 25 pg mL ™", respectively was
required for complete elimination of fungal growth. In
contrast, the same fungicide was the least effective
against strains dg6 and dg2 (MIC of 2700 and 50 pg mL.™
was required). However, Ranvil was the most effective
against strain dg2 (MIC of 10 ug mL ™" was required). In
contrast, results of in vivo study revealed that such
inhibition was obtained against strains dg5 infecting
lemon and dg6 infecting both fiuit types when either
Benomyl or Ranvil were used (G.J. Kanan, unpublished
data). Concerming the mode of action for the DMI

(demethylation inhibitors) group of fungicides such
fungicides inhibit the enzyme C14-demethylase leading to
depletion of ergosterol. FErgosterol serves as a
bioregulator of membrane fluidity, symmetry and integrity
in fungal cells and it is essential for the development of
functional cell wall (Savocchia et al., 2004, Sugiura et al.,
2006, Ma et al., 2006). The most common mechanisms by
which pathogens can evolve fungicide resistance appears
to be alternation of the target site (i.e. when the chemical
shows single site of action). This presumably disrupts the
binding of the fungus to the active site, rendering the
chemical neffective. In additton, DMI resistant strains
may evolve due to mutations in the regulatory sequence
of target genes which render the fungicide ineffective
(McGrath, 2001; Surviliené and Dambrauskiens, 2006).
However, if the evolution of fungicide resistance occurs
more gradually then a shift in sensitivity to fungicide can
be seen. Such type of resistance is a polygenic (Van Tuyl,
1977, Kalamarakis et al., 1987) where the result would
appear due to cumulative or additive effects of several
mutations in different genes (Georgopoulos and
Skylakakis, 1986, De Waard and Van Nisterrooy, 1990,
Penrose, 1993). In this kind of resistance (quantitative or
continuous resistance) the fungal strain would revert back
to be sensitive if the fungicide is no longer applied. Since
variation in fungicide treatment during extensive recurrent
use of fungicides of the same family (e.g., DMI members)
would affect the selection pressure to evolve resistance
to the applied fungicide. The doses that provide the most
control of the disease also, provide the largest selection
pressure to acquire resistance and lower doses will
decrease the selection pressure. Additional mechanisms
leading to DMI resistance in several important human and
plant fungal pathogens have been studied intensively (De
Waard, 1996) and these mclude (1) mutations in the DMI
target enzyme, C14 alpha-demethylase (CYP51), leading
to a decreased affinity of DMIs to the target protein
(Délye et al., 1997, 1998) (ii) Over-expression or increased
copy number of the (CYP51) gene, leading to increased
production of the target enzyme (Schnable and Jones,
2001; Ma et al., 2006), (iii) Through efficient efflux where
over-expression of ATP binding (ABC)
transporters with overlapping substrate specificities that
function together in order to effectively pump toxic
chemicals out of the cell. The strain here may develop
resistance to several fungicides using the same
mechanism (Hayashi et al., 2002; Zwiers et al., 2002).
Further mechanisms may include acquisition of mutated
enzymes that enable metabolism of the fungicide to
harmless substance (detoxify the fungicide) or mutated
enzyme which became not inhibited by the toxic effect
of the fungicide. In addition, failure to activate the

cassette
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fungicide, or deposition of fungicide in lipid droplets and
change in pH leading to protonation of fungicide may
cause resistance and this would agree with the
suggestions of McGrath (2001). Concerning the effect of
benzimidazoles members on tested strains Benomyl was
the most effective against the most resistant strain dgé
(MIC of 40 pg mL ™" was required). In addition, Benomyl
was the most effective for the treatment of all tested
strains where an MIC' in the range of 40 to 300 pg mL.™
was required to completely eliminate fungal growth.
Furthermore, Benomyl fungicide has shown selective
toxicity to several microorgamisms, including fungi
(Stringer and Wright, 2006) and had interfered with the
intracellular transportation (Spencer et al., 1998). The
Benomyl's mode of action is mainly related to its
transformation into methyl-2-benzimidazole carbamate,
which causes morphological distortions in germinating
spores. This component is thought to alter mitotic cell
division, through its bmding to microtubules and
inhibiting the pP-tubulin  assembly (Dalgie, 2005,
Spencer et al., 1998). Resistance to benzimidazoles
fungicides is suggested to be a kind of qualitative
resistance, since 1t 13 resulted from conformational
changes at the target site of the fungus (McGrath, 2001).
The resistance here leads to complete loss of disease
control, which can not be regained by increasing
fungicide concentration, or by the frequent application of
the fungicide (ie., the stran 1s either resistant or
sensitive). This type of resistance leads to diversifying or
disruptive selection of biotypes, because resistance in
Penicillivm 1solates 13 evolved as a result of highly stable
and persistent single gene mutation (Van Tuyl, 1977,
Davidse and Flach, 1978). This kind of mutations will
show high selection pressure during fungicidal
application, but there 15 low selection pressure to remove
them m the absence of the fungicide and this would agree
with the suggestions of McGrath (2001). Concerning the
effect of fungicide mixtures, the
Benomyl/Canvil and Blin exa/Canvil were the most
effective against strains smce either complete inhibition
or the largest zones of inhibition were obtained at the
least combined (50:50 pg mL™") concentrations. In
contrast, the ir vivo study indicated significant effect of
fungicides mixtures on inhibition zones and that had
mostly resulted in synergistic effects on strains infecting
either lemon or orange fruit since complete inhibition of
growth was obtained (G.J. Kanan, unpublished data).
Recommended doses provided by researcher or
manufacturers are normally designed to give the correct
balance between controlling the disease and limiting the
risk of resistance agamst the applied chemical. Higher
doses increase selection pressure for single site mutations

mixtures of

that confer resistance and by this, resistant strains will
survive and propagate. However, lower doses greatly
increase the risk of polygenic resistance as strains that are
slightly less sensitive to the fungicide would survive and
propagate. As aresult, it is recommended to use a mixture
of fungicides or alternate sprays of chemicals having
different modes of action, because evolution of resistant
strains may decrease due to the fact that the appearance
of resistant isolates to one chemical will hopefully be
killed by the other. However, if the applied fungicides are
of the same family sharing the same mode of action or can
be detoxified by the same mecharnsm then, fungal strain
that evolve resistance to one fungicide it automatically
generates resistance to others as a result of positive cross
resistance. In contrast, negative cross resistance would
result when resistance to one chemical class leads to an
increase in sensitivity to a different chemical class of
fungicides (e.g., DMI and TBZ classes). Because,
resistance to two fungicides from different classes or
families may result from separate mutational events 1.e.,
two mutations would be required rather than just one to
control disease rather than relying on single fungicide.
These findings disagreed with the suggestion of Shaw
(1993) who stated (depending on theoretical studies of
resistance) that the combination of two selective
fungicides, to combat resistance 1s reasonable strategy,
only when used against wild population of the pathogen,
with an extremely low frequency of resistance to both
fungicides.

ACKNOWLEDGMENT

The author would like to thank Mu'tah University for
providing the financial support (Deanship of Scientific
Research, process number SR/120/14/180) and the
suitable environment for this research work.

REFERENCES

Barkai-Golan, R., 2001. Post Harvest Diseases of Fruits
and Vegetables. Development and Control. 1st Edn.
Elsevier Science, Amsterdam, Netherlands, pp: 418.

Bouzerda, L., H. Boubaker, E.H. Boudyach, O. Akhayat
and A.A. Bin Aoumar, 2003. Selection of antagonistic
veasts to green mold disease of citrus in Morocco.
Food Agric. Environ,, 1: 215-218.

Cove, D.I., 1966. The induction and repression of nitrate
reductase in the fungus Aspergillus nidulans
Biochem. Biophys. Acta, 113: 51-56.

Dalgie, O.D.F., 2005. The effect of fungicide benomyl
(benlate) on growth and mitosis in onion
(Allium cepa L.) root apical meristem. Acta Biol
Hung., 56: 119-128.

1527



FPak. J. Biol. Sci., 11 (12): 1517-1529, 2008

Davidse, L.C. and W. Flach, 1978. Interaction of
thiabendazole with fimgal tubulin. Bioclim. Biophys.
Acta, 543: 82-90.

Délye, C., F. Laigret and M.F. Corio-Costet, 1997. A
mutation in the 14a-demethylase gene of Uncinula
necator that correlates with resistance to a sterol
biosynthesis inhibitor. Applied Environ. Microbiol.,
63: 2966-2970.

Délye, C., I. Bousset and M.F. Corio-Costet, 1998. PCR
cloning and detection of point mutations in the
eburicol 14e-demethylase (CYP51) gene from
Erysiphe graminis F. sp. Hordei, a recalcitrant
fungus. Curr. Genet., 34: 399-403.

De Waard, MA. and J.GM. Van Nisterlrooy, 1990.
Stepwise development of laboratory resistance to
DMI-fungicides in Penicillium italicum. Neth.
J. Plant Pathol., 96: 321-329.

De Waard, M.A., 1996 Molecular genetics of
resistance in fungi to azole fungicides. ACS Symp.
Ser., 645: 62-71.

Georgopoulos, S.G. and G. Skylakakis, 1986. Genetic
variability in the fungi and problem of fungicide
resistance. Crop Prot., 5: 299-305.

Gopi, R., R. Sridharan, R. Somasundaram,
G.M.A. Lakshmanan and R. Panneerselvam, 2005.
Growth and photosynthetic characteristics  as
affected by  triazoles in  Amorphophallus
campantdatus.  Genet.  Applied Plant Physiol.,
31:171-180.

Hayashi, K., H. Schoonbeek and M.A. de Waard, 2002.
Expression of the ABC transporter Beatr D from
Botrytis  cinerea rteduces sensitivity to sterol
demethylation inhibitor fungicides. Pest. Biochem.
Physiol., 73: 110-121.

Holmes, G.J. and I'W. Eckertm, 1999. Sensitivity of
Penicillium digitatum and P. italicum to post
harvest  citrus  fungicides in  California.
Phytopathology, 89: 716-721.

Trtwange, 5.V., 2006. Hot water treatment: A non-chemical
alternative in keeping quality during post harvest
handling of Citrus fruits. Agric. Eng. Int. CTGRE J.
Invited Overview, 8: 1-10.

Tanisiewiez, W.J. and I.. Korsten, 2002. Biological control
of post harvest disease of fruits. Amn. Rev.
Phytopathol., 40: 411-441.

Kalamarakis, A.E., BN. Ziogas and S.G. Georgopoulos,
1987. Resistance to ergosterol biosynthesis mhibitor
in Nectia haematococca var. cucwbitae. Chem.
Control Newslett., 8 18-19.

Lopez-Garcia, B., A. Veyrat, E. Perez-Paya, L. Gonzalez-
Candelas and I.F. Marcos, 2003. Comparison of the
activity of antifungal hex peptides and the fungicides
thiabendazoles and Imazalil against post harvest
fungal pathogens. Int. J. Food Microbiol., 89: 163-170.

Ma, 7., T.I. Proffer, I.1.. Jacobs and G.W. Sundin, 2006.
Overexpression of the 14a-Demethlase target gene
(CYP51) mediates fungicide resistance in Blumeriella
Jaapii. Applied Environ. Microbiol., 72: 2581-2585.

McGrath, M.T., 2001. Fungicide resistance in Cucurbita
Powdery Mildew: Experiences and challenges. Plant
Dis., 85: 236-245.

Ndukwe, 1.G., J.D. Habila, I.A. Bello and E.O. Adeleye,
2006. Phytochemical analysis and antimicrobial
screening of crude extracts from the leaves, stem bark
and root bark of Ekebergia senegalensis A. Tuss.
Afr. J. Biotechnol., 5: 1792-1794.

Ogundare, A.O., F.C. Adetuyi and F.A. Akinyosoye, 2006.
Antimicrobial activities of Vernonia tenoreana. Afr.
T. Biotechnol., 5: 1663-1668.

Palou, L., I L. Smilanick, C.H. Crisosto and M. Monir,
2001. Effect of gaseous ozone exposure on the
development of green and blue molds on cold stored
citrus fruit. Plant. Dis., 85: 632-638.

Penrose, L.J., 1993. Baseline sensitivities of preserved
isolates of Penicillium spp., from pome fruit to
imazalil and iprodione. Aust. Plant Pathol., 22: 37-38.

Plaza, P., J. Usall, N. Tewxide andI. Vinas, 2003. Effect
of water activity and temperature on germination
and growth of Pernicillium digitatum, P. italicum
and Geotrichum candidum. J. Applied Microbiol.,
94: 549-554,

Plaza, P., A. Sanbruno, J. Usall, N. Lamarca, R. Torres,
J. Pons and 1. Vinas, 2004. Integration of curing
treatments with degreening to control the main
postharvest diseases of Calementine mandarins.
Postharv. Biol. Technol., 34: 29-37.

Pramila, T. and N.K. Dubey, 2004. Exploitation of natural
products as an alternative strategy to control
postharvest fungal roting of fruit and vegetables.
Postharv. Biol. Technol., 32: 235-245.

Samson, R.A., KA. Seifert, AFA.  Kuijpers,
JAMP. Houbraken and J.C. Frisvad, 2004.
Phylogenetic analysis of Penicillium subgenus
Penicillium using partial B-tubulin sequences. Stud.
Mycol., 49: 175-200.

Savocchia, S., B.E. Stummer, T.J. Wicks, R. Van Heeswijck
and E.S. Scott, 2004. Reduced sensitivity of Uncinula
necator to sterol demethylation intubiting fungicides
in Southern Australian vineyards. Aust. Plant
Pathol., 33: 465-473.

Schnable, G. and A L. Jones, 2001. The 14¢-demethylase
(CYP51A) gene is overexpressed in VPenturia
inaequalis  strains  resistant to  myclobutanil.
Phytopathology, 91: 102-110.

Shaw, M.W., 1993. Theoretical analysis of the effect of
interacting activities on the rate of selection for
combmed resistance to fungicide mixtures. Crop
Prot., 12: 120-125.

1528



FPak. J. Biol. Sci., 11 (12): 1517-1529, 2008

Sijaona, M.E.R. and I W. Mansfield, 2001. Variation in the
response of cashew genotypes to the targeted
application of fungicide to flower panicles for control
of powdery mildew disease. Plant Pathol., 50: 244-248.

Siddiquy, Z.3., 3. Ahmed and S.S. Shaukat 1999. Effect of
systemic fungicide (Topsin-M) and TInsecticide
(Dimecron) on germination, seedling growth and
phenolic content of Pennisetum americamimL. Pak.
I. Biol. Sci., 2: 182-184.

Skaria, M., C.G. Hayre, H. Miao, N. Solis-Gracia and
B. Mackey, 2003. Effect of packing on rot and fruit
damage in Rio Red grapefiuit. Subtropical. Plant Sci.,
55: 75-78.

Spadaro, D. and M.L. Gullino, 2004. State of the art
and future prospects of the biological control of
post harvest fiuit diseases. Int. J. Food Microbiol.,
91: 185-194.

Spencer, F., I.. Chi and M.X. Zhu, 1998. Biochemical
characterization of benomyl inhibition on endometrial
growth during decidualization inrats. Adv. Exp. Med.
Biol., 444: 163-169.

Stringer, A. and M.A. Wright, 2006. The toxicity of
benomyl and some related  2-substituted
benzimidazoles to the earthworm Lumbricus
terrestris. Pest. Sci., 7: 459-464.

Sugiura, H., K. Hayashi, T. Tanaka, M. Takenaka and
Y. Uesugi, 2006. Mutual antagonism between sterol
demethylation inhibitors and phosphorothiolate
fimgicides on Pyricularia oryzae the implications for
their mode of action. Pest. Sci., 39: 193-198.

Surviliene, E. and E. Dambrauskiene, 2006. Effect
of different active ingredients of fungicides on
Alternaria spp. Growth in vitre. Agron. Res,
4: 403-406.

Tsuda, M., H. Itoh and S. Kato, 2004. Evaluation of the
systemic activity of simeconazole in comparison
with that of other DMI fungicides. Pest. Manage.
Sci., 60: 875-800.

Valiuskaite, A., H. Surviliene, A. TLugauskas and
I.. Levinskaite, 2006. FEcological aspects of
distribution of  potential toxin-producing
micromycetes on stored apple fruit. Ekologia,
3: 60-63,

Van Tuyl, T.M., 1977. Genetic aspects of resistance to
mmazalil in Aspergillus nidulans. Neth. J. Plant Pathol.,
83:169-176.

Zhang, HY., C. X. Fu, X. D. Zheng, D. He, L.. I. Shan and
X, Zhan, 2004, Effect of Cryptococcus laurentii
(Kufferath) skinner in combination with sodium
bicarbonate on biocontrol of post harvest green mold
decay of citrus fiuit. Bot. Bull. Acad. Sin., 45: 159-164.

Zwiers, L., 1. Stergiopoulos, I.G.M. Van Nistelrooy and
M.A. de Waard, 2002. ABC transporters and azole
susceptibility in laboratory strains of the wheat
pathogen Mycosphaerella graminicola.
Antimicrobial Agents Chemother., 46: 3900-3906.

1529



	PJBS.pdf
	Page 1


