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Article Info ABSTRACT
Article type: Background and objectives: Green mold is the most common disease
Research Full Paper after citrus harvest, which is caused by the fungus Penicillium digitatum. In

Spain, the study of Tost (1988) showed that up to 80% of the waste after
citrus harvest is related to contamination by the pathogen P.digitatum. 75%
of all fruit rot exported from South Africa to London was caused by green
mold disease. Post-harvest treatments with chemicals are reasonable

Article history: because of low cost, easy to use, and because of the therapeutic effect for
Received: 2024/01/16 the created pollution. Among the fruits treated with common fungicides,
Revised: 2024/05/06 the damage is 2-4% and without it 15-30%. The problem of resistance to
Accepted: 2024/05/07 fungicides has been observed in all the important areas of citrus production

in the world and causes a considerable amount of fruits to rot. Frequent use
of thiabendazole fungicide in Iran has reduced the effectiveness of this
fungicide. The results of this research can be a basis for further and
continuous research to identify resistance to fungicides and manage the use
of fungicides.

Keywords:

orange fruit Materials and methods: In order to evaluate the efficacy of post-harvest
Penicillium digitatum citrus fungicides in terms of inhibition of mycelium growth and conidial
green mold germination, 150 samples were randomly collected from the warehouses
EC50 o and gardens of three eastern (Gorgan), central (Sari and Ghaem Shahr) and
resistance monitoring western (Ramsar and Tenkaben), sampling and 15 isolates were extracted

from them. To purify the isolates, single conidial method was used. The
most commonly used technique is to determine the toxicity of a fungicide
in the laboratory by measuring fungal growth or conidia production.
Growth was done in culture medium with different concentrations of
fungicides and EC50 values were evaluated to determine the effectiveness
of fungicides.

Results: The results of the laboratory studies showed that the lowest to the
highest average values of EC50 for the growth of mushroom mycelium
correspond to the fungicides Azoxystrobin, Imazalil, Fludioxonil,
Pyrimetanil and Thiabendazole with the values of 0.045, 0.065, 0.08, 0.34
and It was 0.55 pg/ml and for the inhibition of conidial germination, from
the lowest to the highest average EC50 values, related to the fungicide
Azoxystrobin, Imazalil, Fludioxonil, Thiabendazole and Pyrimethanil with
the values of 0.072, 0.117, 0.155, 0.731 and 0.774 micrograms per
milliliter. All isolates were sensitive to the fungicide Azoxystrobin, but the
EC50 values were outside the baseline range. Also, all isolates were
sensitive to fludioxonil fungicide and some isolates had EC50 values
outside the baseline range. The EC50 values of all the isolates were in the

Vov



sensitive range to the fungicide imazalil, and in relation to the fungicide
pyrimethanil, all the isolates were sensitive and some isolates were outside
the basic range. Four isolates were resistant to thiabendazole fungicide and
11 isolates were in the sensitive range.

Conclusion: The repeated use of thiabendazole fungicide in Iran to control
green mold disease has caused the emergence of P.digitatum resistant
isolates and the new fungicides showed good effectiveness. Even though
the fungicide imazalil showed the greatest effectiveness in reducing the
percentage of disease occurrence and control of conidiogenesis in this
study, the studies of researchers in America, South America, South Africa,
China and New Zealand show the emergence of resistant isolates of
P.digitatum and The severity of the disease has increased; Therefore, it is
suggested to use new fungicides that have different effectiveness to control
the disease after harvesting citrus green mold, and to manage resistance to
fungicides, monitoring EC50 values in the laboratory should be
continuously evaluated for new fungicides to identify resistant pathogenic
isolates.
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Table 1- Penicillium digitatum isolates used to evaluate Sensitivity to fungicides
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Table 2. Different concentrations of fungicides to determine EC50 values of Penicilium digitatum.

Fungicide Concentrations (ug/ml)
S b G e 20 S 5,500) ke
(ke Imazalil 0 0.01 0.05 0.1 0.5 1
(Jskes ) Pyrimethanil 0 0.05 0.1 0.5 1 5
(Js;14k9) Thiabendazole 0 0.05 0.1 0.5 1 5
(Lmes 5l S 531) AZOXystrobin 0 0.01 0.05 0.1 0.5 1
(s 55 535) Fludioxonil 0 0.05 0.1 0.5 1 5
(¥ Jsds) ol sl sdaline (g ls sme 3D Cow g oo
3 SILECS0 slie SOl aslie ol Jsdr bl - ilaesls golal Joow 5 42w
LSl 55 GeS S3alsm 5 o sehos L3, Olse (P<O.01) (g ls ima 3Dt ¢ il ls 4o
(P dsd =) sl Bes, Sa s iy 5l S5k ECB0 yslie Bl Sl s 2576

o Ll s sdalin (glS S3alsm s oo gkess

odi 5 i 9o bl o Siles slaaslas

Ol dlad Gblie 51 edd (5551 mear Penicilium digitatum )6 glaalis 5 b iS5z ,6 uiie 55 bl » bsls & 2t dodr

Table 3. Analysis of variance based on two variables of fungicides and isolates of Penicilium digitatum collected
from northern regions of Iran.
Mean Square

) Sla e 6 Sle
Sour?e.: ofﬁvagaance 1?]‘ i EC50 PSI
St & &3l e s EC50 PMI D133k dys OF e il
f%ﬁ).ﬁ.ﬁ)l)ﬂ{“))ﬁ' JS}A\;‘.]QLD
SAS Gl
(s z,B) Fungicide 4 0.734** 1.848**
(¢l Isolate 14 0.034ns 0.066 ns
(,1,5) Replicate 2 24.43ns 29.27 ns
(2l3L) Residual 56 0.037 0.059
(Js) Total 74

Ll L;J\:‘S‘j)mlfjdawu ~ M))‘C»MLMWMMJJJMPSIJPMI-F
* PMI= inhibit mycelial growth. PSI= inhibit conidial germination
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Table 4. Comparison of the mean values of EC50 inhibition of mycelium growth and conidial germination of isolates

of Penicilium digitatum.

EC50 EC50
Fungicide (mycelial growth) (conidial germination)
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Table 5. Sensitivity of Penicilium digitatum isolates, collected from northern Iran based on EC50 values for
mycelium growth inhibition, to post-harvest fungicides.

Azoxystrobin Fludioxonil Imazalil Pyrimethanil Tiabendazol
3 el oS 351 oS 52358 BN Jobos SIS
Isolate EC50 C50 EC50 EC50 EC50

E
Sensitivity (ug/

number (Hg/ml) ml) sensitivity  (g/m)  sensitivity  (q/my - Sensitivity  (yq/m) - Sensitivity

s Ll 1 category L category/ Ch category/ i category/ L category/

e . CERYS S EERYY S ] EERYY _ EERYY S _ EERYY

O Sy - O g ol O Sy ol O S ol O Sy b

BT i Aoy BT BT RWERTS

A10 0.038 S-OBL 0.086 S-OBL 0.067 S 0.499 S-OBL 0.113 S
All 0.045 S-OBL 0.087 S-OBL 0.067 S 0.224 S 0.562 S
A3 0.047 S-OBL 0.074 S-OBL 0.070 S 0.267 S 0.122 S
A33 0.048 S-OBL 0.056 S 0.056 S 0.532 S-OBL 0.823 S
A5 0.043 S-OBL 0.063 S 0.061 S 0.513 S-OBL 0.220 S
Bl 0.044 S-OBL 0.095 S-OBL 0.082 S 0.547 S-OBL 0.656 S
B21 0.044 S-OBL 0.097 S-OBL 0.051 S 0.238 S 0.659 S
B25 0.046 S-OBL 0.092 S-OBL 0.064 S 0.531 S-OBL 0.981 R
B26 0.049 S-OBL 0.062 S 0.055 S 0.233 S 1114 R
B5 0.048 S-OBL 0.074 S-OBL 0.068 S 0.271 S 0.143 S
Ci16 0.061 S-OBL 0.083 S-OBL 0.077 S 0.200 S 0.386 S
C27 0.035 S-OBL 0.080 S-OBL 0.063 S 0.326 S 0.118 S
C28 0.043 S-OBL 0.054 S 0.062 S 0.138 S 1141 R
C29 0.047 S-OBL 0.074 S-OBL 0.066 S 0.273 S 1.053 R
C30 0.046 S-OBL 0.099 S-OBL 0.065 S 0.282 S 0.122 S
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Olge & alr 035 Lasile gl oslinal 3550 snles glachle (Kanetis and Forster, 2008) ) e - p S5 See + FIY L oY 0A 5 oo VY

23 Ak eSS Y 00 i el s eyl s pslie
L Sensitivity is defined as S = sensitive (within baseline), S-OBL = sensitive but outside baseline, R = resistant, MR =
moderately resistant, and HR = highly resistant. Baseline sensitivity ranges for azoxystrobin, fludioxonil, and
pyrimethanil are 0.007 to 0.028, 0.009 to 0.072, and 0.208 to 0.413 pg/ml, respectively (Kanetis and Forster, 2008).

Discriminatory concentrations used to characterize an isolate as resistant to imazalil or thiabendazole (TBZ) were
0.15 or 1 pg/ml, respectively (Kanetiset al.,2010).
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Table 6. Sensitivity of Penicilium digitatum isolates, collected from northern Iran based on EC50 values for spore
germination inhibition, to post-harvest fungicides

Azoxystrobin Fludioxonil Imazalil Pyrimethanil Tiabendazol
Isolates s e S 551 JoreS 525l Jsl! Jolo doshuls
Number —gzsg " EC50 - EC50 - EC50  Sensitivit _ EC50 -
oyl (ng/ml) Sensitivity (ug/ml) Sensitivity (ng/ml) Sensitivity (Hg/ml) y (1g/ml) Sensitivity
i s lca.tegorz/ s catfsgory/ o catfsgory/ o category o cat.egory/
o S ey S o LRt o LRt o ks 058 o G0y S
e S b ad S b ad S b e ) e G e
Ao B Ao B do s B Ao s ol do s )
Al10 0.068 S-OBL 0.162 MR 0.101 S 0.737 S-OBL 0.195 S
All 0.067 S-OBL 0.167 MR 0.117 S 0.724 S-OBL 0.654 S
A3 0.052 S-OBL 0.122 MR 0.125 S 0.726 S-OBL 0.140 S
A33 0.076 S-OBL 0.150 MR 0.101 S 0.743 S-OBL 1.013 R
A5 0.057 S-OBL 0.135 MR 0.108 S 0.703 S-OBL 0.121 S
B1 0.087 S-OBL 0.135 MR 0.146 S 0.836 S-OBL 0.831 S
B21 0.077 S-OBL 0.170 MR 0.093 S 0.801 S-OBL 0.943 S
B25 0.082 S-OBL 0.165 MR 0.145 S 0.748 S-OBL 1.273 R
B26 0.073 S-OBL 0.140 MR 0.113 S 0.801 S-OBL 1.434 R
B5 0.072 S-OBL 0.177 MR 0.109 S 0.847 S-OBL 0.208 S
C16 0.068 S-OBL 0.172 MR 0.165 S-OBL 0.811 S-OBL 0.679 S
c27 0.076 S-OBL 0.154 MR 0.085 S 0.812 S-OBL 0.204 S
c28 0.072 S-OBL 0.182 MR 0.122 S 0.811 S-OBL 1.702 R
C29 0.067 S-OBL 0.160 MR 0.119 S 0.755 S-OBL 1.390 R
C30 0.079 S-OBL 0.142 MR 0.110 S 0.760 S-OBL 0.181 S
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@ pslis Ulgie @ gl 058 jasiie gl eslinad 5,50 pled glaclile (Kanetis and Forster, 2008) i) Joo 5 o 85 Ss IV L +Y0A

g Ak 2858 VL0 G S e sl s !

L Sensitivity is defined as S = sensitive (within baseline), S-OBL = sensitive but outside baseline, R = resistant, MR =
moderately resistant, and HR = highly resistant (see text for details).Baseline sensitivity ranges for azoxystrobin,
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fludioxonil, and pyrimethanil are 0.007 to 0.028, 0.009 to 0.072, and 0.208 to 0.413 pg/ml, respectively (Kanetisand
Forster, 2008). Discriminatory concentrations used to characterize an isolate as resistant to imazalil or thiabendazole
(TBZ) were 0.15 or 1 pg/ml, respectively (Kanetiset al.,2010).
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Figure 1. EC50 frequency histogram for mycelium growth inhibition (A - E) and EC50 frequency histogram for
conidial germination inhibition (F - J) for pathogenic isolates of Penicilium digitatum collected from northern Iran,
Imazalil (A and F), Pyrimethanil (B and G), Fludioxonil (C and H), Azoxystrobin (D and 1), Tiabendazol (E and J).
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Figure 2. Scatter plot of EC50 values for the inhibition of mycelium growth of Penicilium digitatum, against
fungicide thiabendazole and fungicidesimazalil, azoxystrobin, pyrimethanil and fludioxonil.
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Figure 3. Scatter plot of EC50 values for the inhibition of conidial germinationof Penicilium digitatum, against
fungicide thiabendazole and fungicidesimazalil, azoxystrobin, pyrimethanil and fludioxonil.
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