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Table 1. Isolates of Pythium oligandrum recovered from the rhizosphere of various cropsin Iran.

Isola  Province (L ocation) Matrix Date Coordinates

:Rl Bushehr (Borazjan) Tomato April 2017 29.25041°N -51.19022°E
BR2  Bushehr (Borazjan) Tomato April 2017 29.24961°N -51.19109°E
BR4  Bushehr (Borazjan) Tomato April 2017 29.25011°N —51.18840°E
Bg2  Bushehr (Borazjan) Eggplant April 2017 29.25400°N -51.19230°E
Bgl  Bushehr (Borazjan) Eggplant April 2017 29.24524°N -51.19287°E
P39a Chaharmahal and Bakhtiari (Farsan)  Walnut November 2016 5044.984°N -3219.564°E
P36a Chaharmahal and Bakhtiari (Farsan) Wheat November 2016 5044.984°N -3220.861°E
FBtl Fars(Bajgah) Tomato October 2016 29.75130°N -52.55870°E
FBm  Fars (Bajgah) Maize October 2016 29.75118°N —-52.55846°E
3

FC56 Fars (Jahrom) Lemon April 2017 28.49092°N -53.59005°E
FJB Fars (Jahrom) Barely December 2013 53.29168°N -28.91920°E
FKto Fars(Kamfiruz) Tomato April 2017 30.32205°N -52.19609°E
FSX  Fars(Saadat Shahr) Tomato October 2016 30.10455°N -53.04253°E
FS11 Fars(Saadat Shahr) Tomato April 2017 30.10420°N -53.04253°E
0

FSG  Fars(Saadat Shahr) Grapevine October 2016 30.08178°N -53.12411°E
FSP1 Fars(Sivand) Potato April 2017 30.07995°N -52.91012°E
FSP2 Fars(Sivand) Potato April 2017 30.07995°N -52.90952°E
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GM1
Gz1

GK1
FMO

KBu
K71
K44
K46
K48
K50
K110
K115
K126
K31
K29
K39b
K39d
K47
K78
K87
K85
K118
K109
U304

U375

U375

YP1
YP2

Golestan (Gorgan)
Golestan (Gorgan)
Golestan (Gorgan)

[lam (Zarin Abad)

Kerman (Bam)

Kermanshah (Eslamabad-e Gharb)
Kermanshah (Gilan-e Gharb)
Kermanshah (Gilan-e Gharb)
Kermanshah (Gilan-e Gharb)
Kermanshah (Gilan—e Gharb)
Kermanshah (Harsin)
Kermanshah (Harsin)
Kermanshah (Kangavar)
Kermanshah (Kermanshah)
Kermanshah (Kermanshah)
Kermanshah (Kermanshah)
Kermanshah (Kermanshah)
Kermanshah (K ermanshah)
Kermanshah (Kermanshah)
Kermanshah (Ravansar)
Kermanshah (Ravansar)
Kermanshah (Sahneh)
Kermanshah (Sarab—e Niloofar)

West Azerbaijan (Uromia)

West Azerbaijan (Uromia)

West Azerbaijan (Uromia)

Y azd (Y azd)
Yazd (Y azd)

Soybean
Rice
Wheat

Tomato

Alfafa
Chickpea
Chickpea
Chickpea
Chickpea
Lentil
Chickpea
Chickpea
Chickpea
Chickpea
Lentil
Lentil
Lentil
Lentil
Lentil
Chickpea
Lentil
Chickpea
Lentil

Pine

Turfgrass

Turfgrass

Pistachio

Pistachio

August 2016
August 2016
August 2016

April 2017

April 2017

November 2016
November 2016
November 2016
November 2016
November 2016
November 2016
November 2016
November 2016
November 2016
November 2016
November 2016
November 2016
November 2016
November 2016
November 2016
November 2016
November 2016
November 2016

August 2017

August 2017

August 2017

November 2015

November 2015

36.87660°N —54.38788°E
36.85976°N —54.62475°E
36.87507°N —54.36155°E

33.01373°N -46.87092°E

28.65273°N -59.00611°E
34.09844°N -46.50717°E
34.15571°N -45.91321°E
34.17508°N —45.87913°E
34.19838°N —45.87890°E
34.13475°N —45.95634°E
34.26640°N —47.57093°E
34.26535°N —47.57650°E
34.48369°N —47.92833°E
34.72094°N -46.92075°E
34.61644°N —47.14195°E
34.72767°N —46.89508°E
34.72767°N —46.89508°E
34.72767°N —46.89508°E
34.33030°N —47.13569°E
34.71991°N —-46.64458°E
34.70118°N —46.65840°E
34.44701°N -47.66824°E
34.40827°N —46.86437°E

37.77599°N —45.16592°E

37.78386°N —45.16712°E

37.78305°N —45.16780°E

54.19933°N -31.75725°E

54.19940°N -31.75720°E
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Fig. 3. Amplification of 384 bp band in Pythium oligandrum isolates using P. OLIG.F1 and P. OLIG.R04 primers
based on ribosomal internal transcribed spacer region. M= 100 bp DNA ladder.
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Fig. 4. Amplification of 267 bp band in Pythium oligandrum isolates using OliganF1l and OliganR1 primers
based on oligandrin gene. M= 100bp DNA ladder.
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Fig. 5. Average growth rate of Iranian isolates of Pythium oligandrum at different temperatures.
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Table 2. Radial growth rate (mm/d) of Pythium oligandrum isolates recovered from various regions of Iran at

different temperatures on PDA medium.

Temperature (C)

Isolate

25 27 29 32 35 37 40
Bgl 335 38.1 425 26.8 13.1 14.5 0
Bg2 32.6 38.1 41.3 26.8 15.2 13.1 0
BR1 39.6 40 46 28.9 16.3 14 0
BR2 33.6 33.8 43 38.3 16.8 17.3 0
BR4 37.6 38.5 43.6 35 16.6 21.1 0
FBm3 34.1 34 39.8 34.9 15.1 17.3 0
FC56 28.6 42 311 26.2 13.8 1.9 0
FKto 29.5 34 35.8 22.5 18.7 14 0
FM08 29.5 46 39.1 34.4 24 13 0
FS110 255 31.6 29.6 219 129 9.6 0
FSG 22.6 37.8 29.3 29.9 11 6 0
FSP1 33.3 345 39 27.8 16.7 18.7 0
FSP2 29 34.5 36.5 29.5 15.2 18.7 0
FSX 31 35.6 37.3 27.6 174 145 0
GK1 22.8 24.6 28.1 14 9.5 3.8 0
GM1 29.5 32.6 355 3.3 12.4 12.9 0
Gz1 2.1 29.6 321 27.3 1.3 15 0
IZTO 3.8 37.3 36.1 333 29.1 21.6 0
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K109 28.6 34.3
K110 28.6 36.3
K115 338 311
K118 248 32

K126 325 26.8
K29 29.5 36.5
K31 25 331
K39 15.6 26.1
K39d 16 255
K44 29 26.3
K46 28 375
K47 31.6 325
K48 34.1 36.1
K50 31 35.6
K71 29.8 33.8
K76 28 35.8
K78 13.8 26.1
K85 19.3 3.8
K87 34.1 37.6
KBu 19.6 318
P36a 24.3 28.1
P39%a 22.6 28

U304 321 43

U375a 32 35.8
U375b 311 38.6
YP1 225 26.5
YP2 151 33.6

36.5
313
41.1
38.8
42.3
39.8
36
35.3
56.8
375
36.5
35.3
44.3
41.5
38.6
42.5
37.6
235
32
375
27.8
26.5
42.3
47.1
45
28
26.5

31.9 19.3 139 0
26.6 12.9 9.8 0
31.3 241 251 0

25 221 125 0
26.6 16 11 0
253 145 14.7 0
22.8 15 13.8 0

33 175 153 0

31 16 14.7 0

34 253 231 0
27.6 155 12.9 0
29.8 221 145 0
29.7 14 15 0

26 14.9 17.7 0
22.6 14 131 0
24.5 12.7 129 0
29.5 17 16.2 0
175 9.5 1.8 0
27.6 145 13.7 0
26.7 17.2 9.3 0
26.1 6.6 21 0

26 6.1 11 0
29.5 17 24 0
42.9 18.9 15.6 0
26.6 26 156 0
294 134 55 0
19.5 8.6 8 0

s dgs los 3 dilg, Al KeaT sasolis o sldel

Bold numbers show daily radial growth rate at optimum temperature.
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Fig. 6. Dua culture interaction between Pythium oligandrum isolates and some plant pathogenic fungi (lower
row) compared with controls without antagonist (upper row). a-b. Fusarium oxysporum f.sp. lycopersici; c-d.
Phytophthora parasitica; e-f. Rhizoctonia solani.
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Fig. 7. Dual culture interaction of biocontrol agents on the growth rate of Rhizoctonia solani on PDA at 25°C.
Biological agents included Pythium oligandrum isolates (K29, K31, K48, K50, K85, K87, FSX, BR1 and 1ZTO),

commercial form of P. oligandrum (Polyversum, M1), Clonostachys rosea (CY S), Fusarium oxysporum (Fo47)
and Trichoderma asperellum (T34). Path= pathogen without biocontrol agent. Error bars represent the 95%

confidence interval.
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Fig. 8. Dua culture interaction of biocontrol agents on the growth rate of Fusarium solani on PDA at 25C.
Biological agents included Pythium oligandrum isolates (K29, K31, K48, K50, K85, K87, FSX, BR1 and IZTO),
commercia form of P. oligandrum (Polyversum, M 1), Clonostachys rosea (CY S), Fusarium oxysporum (Fo47)
and Trichoderma asperellum (T34). Path= pathogen without biocontrol agent. Error bars represent the 95%

confidence interval .
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Fig. 9. Dual culture interaction of biocontrol agents on the growth rate of Fusarium redolens on PDA at 25°C.
Biological agents included Pythium oligandrum isolates (K29, K31, K48, K50, K85, K87, FSX, BR1 and 1ZTO),
commercial form of P. oligandrum (Polyversum, M 1), Clonostachys rosea (CY S), Fusarium oxysporum (Fo47)
and Trichoderma asperellum (T34). Path= pathogen without biocontrol agent. Error bars represent the 95%
confidence interval.
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Fig. 10. Dua culture interaction of biocontrol agents on the growth rate of Fusarium oxysporum f.sp. pisi on
PDA at 25°C. Biological agents included Pythium oligandrum isolates (K29, K31, K48, K50, K85, K87, FSX,
BR1 and 1ZTO), commercial form of P. oligandrum (Polyversum, M1), Clonostachys rosea (CYS), Fusarium
oxysporum (Fo47) and Trichoderma asperellum (T34). Path= pathogen without biocontrol agent. Error bars
represent the 95% confidence interval.
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Fig. 11. Dual culture interaction of biocontrol agents on the growth rate of Fusarium oxysporum f.sp. lycopersici
on PDA at 25°C. Biological agents included Pythium oligandrum isolates (K29, K31, K48, K50, K85, K87,
FSX, BR1 and 1ZTO), commercia form of P. oligandrum (Polyversum, M1), Clonostachys rosea (CYS),
Fusarium oxysporum (Fo47) and Trichoderma asperellum (T34). Path= pathogen without biocontrol agent. Error

bars represent the 95% confidence interval.
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Fig. 12. Dua culture interaction of biocontrol agents on the growth rate of Phytophthora parasitica on PDA at
25'C. Biological agents included Pythium oligandrum isolates (K29, K31, K48, K50, K85, K87, FSX, BR1 and
IZTO), commercia form of P. oligandrum (Polyversum, M1), Clonostachys rosea (CY S), Fusarium oxysporum
(Fo47) and Trichoderma asperellum (T34). Path= pathogen without biocontrol agent. Error bars represent the

95% confidence interval.
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Fig.13. The percentage of the growth inhibition of volatile compounds of Pythium oligandrum isolates (K29,
K48, K87 and M1) on plant pathogens including Fusarium oxysporum f.sp. lycopersici (FOL), Phytophthora
parasitica and Rhizoctonia solani.
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Abstract

Pythium oligandrum is known as an important biological agent against plant pathogens. |solates from different
regions of Iran including Bushehr, Bakhtiari, Chaharmahal, Fars, Golestan, Ilam, Kermanshah, Kerman, West
Azerbaijan and Yazd were identified based on morphological and molecular characteristics. The highest
recovering frequency of isolates was observed in Kermanshah and Fars provinces. The functional diversity of
isolates based on their growth temperature and biological control effect under laboratory conditions was
evaluated. The antagonistic effects of native P. oligandrum isolates were evaluated against soil-borne fungal
pathogens including Rhizoctonia solani, Phytophthora parasitica, Fusarium solani, F. oxysporum f. sp.
lycopersici and F. oxysporum f. sp. pisi using nonparametric statistics, and compered with commercia products
of various biocontrol agents such as Clonostachys rosea, Fusarium oxysporum, P. oligandrum and Trichoderma
spp. The native isolates of P. oligandrum were diverse in their growth temperature and biocontrol activities. The
highest mycelial growth inhibition was found in the interaction between P. oligandrum isolates and R. solani. A
significant difference between P. oligandrum isolates was found by evaluating their volatile compounds. The

isolates of P. oligandrum showed maximum inhibition on P. parasitica and R. solani and minimum inhibition on
F. oxysporum f. sp. lycopersici. The non-volatile compounds had the highest significant effect on P. parasitica
as well. The result of this study showed that the growth characteristics and the in vitro biocontrol ability of the
native isolates of P. oligandrum on various plant pathogens were different. This variety can be employed in
biochemical and greenhouse screening of the isolates.

Keywords:. biological control, diversity, mechanisms, Oomycota, soil-borne plant pathogens




