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Tablel. Characteristics of endophytic and pathogenic fungi isolated from wheat

isolate code Species GenBank
Accession number
Fps5 Pathogen: PX128503
Fusarium pseudograminearum
ZH1 Fusarium sp. PX128504
ZH3 Penicillium citrinum PX128505
ZH4 Torula fici PX128506
ZH5 Penicillium pancosmium PX128507
ZH7 Fusarium acuminatum PX128508
ZH11 Alternaria sp. PX128509
ZH12 Alternaria alternata PX128510
ZH13 Cladosporium ramotenellum PX128511
ZH15 Sporisorium graminicola PX128512
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Table 2. Antagonistic Effect of Endophytic Fungi Isolated from Wheat on the Mycelial Growth Inhibition of
Fusarium pseudograminearum in Vitro

. . Non-volatile Non-volatile Non-volatile
Treatments Dual culture method Volatile metabolites metabolites 10% metabolites 20% metabolits 30%
. . . . . e . . . inhibition
Myecelial  inhibition Myecelial inhibition Mycelial inhibition ~ Mycelial  inhibition ~ Mycelial ercenta
Growth  percentage Growth percentage Growth percentage  Growth  percentage = Growth P e 9
Control 3.04a 2.45a 3.33a 3.33a 3.33a
Fusariumsp.  1.20d 60.24 1.49 de 23.42 2.67¢ 19.66 2.62 be 21.30 2.56hc 28.64
Penicillium ) 154 63.43 097 f 46.84 3.29a 133 328a 153 3.20a 5.15
citrinum
Torula fici 150 ¢ 49.57 170b 12,63 2.87bc 1350 281b 1655 2.51bc 2458
Penicillium e 66.06 174D 10.76 279¢ 16.25 250 ¢ 27.46 237¢ 29.94
pancosmium
Fusarium 145¢ 52.56 1.62 bed 17.10 283¢ 14.93 241¢ 27.66 2.25¢ 3259
acuminatum
Alternariasp.  0.91f 69.49 137e 30.30 2.89bc 1335 283D 15.01 2.70b 1872
Alternaria ) o 4 63.68 104f 50.78 2.64¢ 20.59 237¢ 2852 187d 43.83
alternata
Cladosporium ) 0 44.68 154 cd 21.26 3.12ab 6.28 316a 5.04 3.16a 4.94
ramotenellum
Sporisorium ) o 52.79 1.66 be 14.80 324a 2.66 321a 485 3.18a 557
graminicola
LSD: 0.145 2931 0.142 3.602 0.28 2532 0.30 3391 031 3.049
P: (1%) (1%) (%) (5%) (%) (1%) (1%) (1%) (1%) (1%)
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Fig. 1. Inhibition of Fusarium pseudograminearum mycelial growth by by endophytic fungi in dual culture
method after culture 7 day on the PDA medium with 25+2°C. A: Alternaria sp. B: Penicillium pancosmium C:
Alternaria alternata
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Fig. 2.
metabolites experiment. (LSD:3.602).
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Fig. 3. Inhibition of Fusarium pseudograminearum mycelial growth by endophytic fungi in volatile metabolites

test tests after culture 7-10 day on the PDA medium with 2542 °C.
A: control B:Alternaria alternata C: Penicillium pancosmium
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Z1: fusarium sp. Z3: Penicillium citrinum. Z4:Torula fici. Z5: Penicillium pancosmium.Z7: Fusarium
acuminatum Z10: Alternaria sp. Z12: Alternaria alternata . Z13: Cladosporium ramotenellum. Z15:
Sporisorium graminicola

Fig. 4. Inhibition percentage of Fusarium pseudograminearum growth by extracellular fluid compounds of
endophytic fungi in ratios of 10-20-30% .(LSD:1.706).

Z1: fusarium sp. Z3: Penicillium citrinum. Z4:Torula fici. Z5: Penicillium pancosmium.Z7: Fusarium
acuminatum Z10: Alternaria sp. Z12: Alternaria alternata . Z13: Cladosporium ramotenellum. Z15:
Sporisorium graminicola
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Fig. 5. Inhibition of Fusarium pseudograminearum Mycelial Growth by Extracellular Compounds of Alternaria
alternata at 10, 20, and 30% Concentrations after 7-10 Days of Culture on PDA Medium at 25 + 1°C.
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A: Fusarium acuminatum B: Penicillium pancosmium C: Alternaria alternata
Fig 6. Appearance of clear zone (halo) around mycelium of endopytic fungi in phosphorus solubilization after

five days of incubation.
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Fig 7. Siderophore production by endophytic fungi on CAS agar plates after seven days of incubation.
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A: Fusarium acuminatum B: Alternaria alternata

Fig. 8. Appearance of clear zone (halo) around mycelium endopytic fungi in Zn solubilization after seven days of
incubation.
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Z1: fusarium sp. Z3: Penicillium citrinum. Z4:Torula fici. Z5: Penicillium pancosmium.Z7: Fusarium
acuminatum Z10: Alternaria sp. Z12: Alternaria alternata . Z13: Cladosporium ramotenellum. Z15:

Sporisorium graminicola
Fig. 9. Comparison of zinc, phosphate solubilization and sideriphor production by endophytic fungal isolates.
Z1: fusarium sp. Z3: Penicillium citrinum. Z4:Torula fici. Z5: Penicillium pancosmium.Z7: Fusarium
acuminatum Z10: Alternaria sp. Z12: Alternaria alternata . Z13: Cladosporium ramotenellum. Z15:
Sporisorium graminicola

z1 z3 74 z

S Jlazml e 55 Do ol (555 sled 3 el 0L ST Wy 50 (Sslow slgo
SSe aglie S mls bl 13 Sl ae Loy Cadsdil B wlr Hlex (S g S 05e5T ol o
Wals & o (6)lem Sd do 3 s 2eS (lem Dk SUI35L S o i paT Ll s &S Coue
55 P pancosmium ala= & by s dwoys YFAE L sy A Lals s wmls [ 8 ey 256 A5,

SO 51 S8 Sds 4 by bly 4wl B8 S )

oS aty ) 5 sk (S (Sole Ller Loy 5 Sobe

——

N

Penicillium 5.1 ~,6 | Fusarium pseudograminearum C.uf dhoy g b Sy olew Ll ) S

T

Penicillium pancosmium L i C“l‘ B o3 T dali A Al L, ,5 55 pancosmium

Fig. 10. Inhibition of Fusarium pseudograminearum by endophytic fungi under greenhouse conditions:
A) Infected control, B) Inoculated with Penicillium pancosmium



weCadg il (B B JT (o) 2 10,80 9 (63,298 315

A3

35

control

a
b
30 b
C
Disease a
Severity
(%) 2
15
10
5
0 . . . .
el €2 e3 ed

eL: Turola fici bl Loyl 5 53 oS aty s 5 465k (S s (low Db Aoy (535 b5l slag, 36— IS

e2: Penicillium pancosmium e3: Fusarium acuminatum e4: Alternaria alternata
Fig.11. Effect of fungal endophytes on Fusarium pseudograminearum severity percentage under greenhouse

conditions. (LSD: 1.611)
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A: Fusarium acuminatum B: Alterntaria alternata C: Pathogen
Fig. 13. Comparison of plant height. A: Fusarium acuminatum B: Alternaria alternata  C:Pathogen

Table 3. Effect of endophytic fungi on seedling height, shoot, root wet and dry weight under greenhouse

conditions. E1: Turola fici  E2: Penicillium pancosmium E3: Fusarium acuminatum E4: Alternaria alternata.
control: non —Inoculated  Pathogen: Inoculated with Fusarium pseudograminearum.

Treatment Seedling height Shoot wet Shoot dry Root wet Root dry
(cm) Weight(g) Weight(g) Weight(g)  weight(g)
Control 23.88f 7.58 f 164e 2.24d 1.41 de
El 36.22 b 7.99¢ 191¢c 3.07c 1.59d
E2 27.66d 9.15b 2.13b 3.3bc 2.34Db
E3 27.27d 9.2b 2.13b 52la 3.24a
E4 37.37a 10.06 a 243 a 3.67Db 2.36b
Pathogen+E1 33.37¢ 7129 1.77d 1.94 de 1.43 de
Pathogen+E2 24.25f 8.28 d 1.84 cd 2.87¢ 2.17 bc
Pahtogen+ E3 26.27 e 754 f 1.78d 3.28 bc 194c
Pahtogen+ E4 36.25b 8.7¢c 2.06 b 3.27 bc 192c¢c
Pahogen 16.24 g 6.36 h 163e 1.67e 1.18e
LSD 0.770 0.261 0.121 0.438 0.264

P:(1%)

E1: Turola fici E2: Penicillium pancosmium E3: Fusarium acuminatum E4: Alternaria alternata

control : L. sl Pathogen :es T tals
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Abstract
Wheat (Triticum aestivum L.) is one of the world’s most strategic crops and a primary staple food for a large

portion of the global population .Fusarium crown and root rot (FCR) is the most common disease of wheat and
is of global importance, reduces yield and quality of the product. The use of beneficial microbial symbiosis of
plants to improve productivity is one of the most important sustainable agricultural practices. One of the most
important and effective alternative methods for environment of agroecology protection and reducing their risks is
biocontrol using different agents such as endophytic fungi. For this purpose, the endophytic fungal isolates and
pathogenic isolates from leaves, pods, stems and roots of wheat plants of Golestan province were isolated and
purified on nutrient agar media with antibiotics. Then, out of 40 endophytic fungal isolates obtained, nine
endophytic isolates and one pathogenic isolate were morphologically and molecularly identified with the ITS4
and ITS primer pairs. The characteristics of endophyte isolates as plant biostimulants were evaluated through
several experiments such as: the antagonistic effect of nine endophyte fungi against the pathogenic Fusarium
pseudograminearum isolate, the cause of crown and root rot disease, zinc and phosphorus solubilization,
siderophore production, and measurement of wheat plant growth indices under different treatments in the
greenhouse.The results showed that, in dual culture method, the highest percentage of inhibition rate against the
growth of F. pseudograminearum with 69.49, 66.06, 63.68 were related to the isolates of Alternaria sp.,
Penicillium pancosmium, and Alternaria alternata, respectively. In the volatile metabolite’s method, A. alternata
with 50.78%. inhibition showed the highest percentage of inhibition of F. pseudograminearum. In the non-
volatile compounds test, the A. alternata isolate had the highest percentage of inhibition rate against the growth
of F. pseudograminearum with 20.59, 28.52, and 43.83, respectively, in extract ratios of 10-20-30 percent. In
the phosphorous and zinc solubilization test, the highest levels were related to the Fusarium acuminatum, P.
pancosmium, A. alternata, and Turola fici isolates, respectively, and in the siderifore production assay, only the
T. fici isolate had the ability to produce siderifore. In the greenhouse conditions, the highest percentage of control
of wheat crown and root rot disease 23.68% was obtained with P. pancosmium. In the interaction of isolates, at
the probability level of one percent, the A. alternata treatment without the pathogen caused the greatest increase
in growth indices including height, fresh and dry weights of shoots with 130.11, 58.17, and 49.07 percent,
respectively, and the greatest increase in fresh and dry weights of roots with 119.76 and 100 percent,
respectively, compared to the infected control belonging to the F. acuminatum treatment without the pathogen.
This study presents the first report of these native isolates from the Golestan region.

Keywords: Wheat endophyt, Biological Control, Crown and root rot, volatile metabolite, Growth index,
phosphorous.




