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sowe boawslie 51 e &S o541 (jena, Germany
L35 s w50 p 53 Ogepse ShlE ol
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iy w2 3T g
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(ada ojlae 0 8 S (S 0 5 0) BT 5 o
va6u>,>)¢;§(PH=5,;J;:},m,g)tﬁpf\a
B 51 g 3,5 SIS 555 0 Ske 4 s gk a5
Do e 5 s Lol s Og b 4 IS S b S5,
23T Cleb otias il Lo gl 56 oSy ol bl Colas
.Sunitha et al., 2013) Col LSS

WVaho 3T Mg
Sraghs O o Vs S oy Sk«
Czapek—mineral salt loses (65, bl szt
¢S /6 dKoHPOy o5 oK (NaNOs o8 Y) agar
05 Yo sy pS Y KClp S /0« MgSO4TH,0
Na- ¢80 & Jhie OT adde Voo 5 6T

e b oawlin 3w s 6,8 ojlul (KT cala
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.(Holbrook et al., 1961)
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S0 skl 26 slaalie S, 5 Gk
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ey 4 T L &) o b il (ol T
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(Schwyn & Neilands, 1987; d& 43 & Lai )5 5 5 o
Louden et al., 2011; Arora & Verma, 2017)
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YO Y gl 53 5 (Sub s L FLsSSl = ls s 035 o
g Al (MK e o s 4 gede a3
S S 55 LS e lag b 4, oS s,
LB ale b osls DS 1y et a5 LSS Sy am o ¢S

338 Lslowa )1 J51s a5 55
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b ale Sl 26wl ol DU g
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= OIS oy s i8S (G3s Vi)Y S —auls
S gsl Lo Aals Sl s 8 csS Skiy o 0k
S 4 IS 4S5 (206 arle il O5k) 09
FrmVe od Cusby (gmnde 455 YY (los 5 Ud,
Celw A g gLy, Celu VP gy Ll b s 5 o)
OT 51 dm s I 5o, YO S sl SOLL
2T a5 7ol LOE 055 51 T 4 bamalE
Solast @ A 01> szl e (Jgame T (0,2
ol S I Dds s sb s ek S
ARTIRES Ls;:fejw‘@uﬂj‘ Sy 45, e
token @M Oy 5 (o als) e luled Jho a3 O
(93 a3 tladds y oy YO Old slow ol les (K 4 55
chw a3 ¢ badis ) dpys YOV DUl ol ol
Gslee Gler am)s tamy oo 53 eI caule

c&u¢@@)35%j\jY\{&MJ\>)Jdu&

(s Ll 0T & 70 carboxymethyl cellulose (CMC)
O o sy gnndo 453 YO (slos 5 Ladi gl s CiS
Aoy ) Jglomn 51 a1 e 035 (IS S5
20T 5l e s s 6l o u 2 b s 4 Congo Red
455 1D e & NaCl [ ¥ 0 &5 Jgbos b (55 O3
sy Ol 7,6 R AN PP PN IS

.(Kasana et al., 2008) Csl 53V sl " Ileb

6 w2 5T A g

g SIS S el (g5laST Sl s skt 4
23 oS 35 08 e ¢ SIS S ag sl
P IO AU VERT AN e SR R
Al osls 13 egd a3 F gles s el Y Oe
YF oo 4 5 0Ll 0T (55,745 J bl 2d La B+ o
Brve 1pm L5 Joob Jsbme i (IS Cela
o3 Ve dbl L Slss Jol gy 5 Ad 5y Sl
S 05 B0 Jols s S Lo s S
Y (NH4)S04 ¢ 5 ¥ MgS04.7H,0 ¢ AR Y
10 (lykasge G Al 05\ ¢ KHOPOS p 5
5 dak a5 S s S5 5o (Jf N BT pf
o e T 20 Ve A g 2l S Yo
4 oodd 4 Joloe S BT FIV (g5, Lamee il
O fw pogumder 53 WYY (glos js 4dds VO e
e 0 23 K b g s S o o b3 S
Cle 4y 5 el b gl Slaz sB o, 0 LAST asl Sl
Sb Lyl s s s a3 YO Gles 43 Sy, Y
2B 45 5 Ol bl & i Al LS Lis (6,46
Lo F s kasS wpT Wy gl 4 Sl
.(Agrawal & Kotasthane, 2012)

ST Ll 93 (gt 3 J 5 (6185 (25
Cudgl 9 5 slow o6 il 4l 4G

e 8 slay =56 5 Sod sl 6 55 arlesl 4 g
S rd e O M&w&n;)gtﬁj,@c;y..

.Me&t?;ﬁagT):@LA\YQMQJ@)
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Bipolaris secalis BRIP 14453 T

Bipolaris shoemakeri BRIP 15929 T
Bipolaris subramanianii BRIP 16226 T

Bipolaris bicolor CBS 690.96

Bipolaris zeae BRIP 11512 IsoPT

031R3

Bipolaris victoriae CBS 327.64 ET

Bipolaris setariae CBS 141.31

Bipolaris yamadae CBS2 02.29 ET

Bipolaris saccharicola CBS 15526 T

Bipolaris maydis CBS 137271 NT
Bipolaris sorokiniana CBS 110.14
M AgK1

Bipolaris pluriseptata BRIP 14839 Iso T

Bipolaris coffeana BRIP 14845 [soT
Bipolaris luttrellii BRIP 14643 IsoT

i Bipolaris cookei ARS185
77 Bipolaris salviniae BRIP 16571 L T

100 Bipolaris woodii BRIP 12239 T
_‘— Bipolaris gossypina BRIP 14840 T

Curvularia subpapendorfii CBS 656.74 T
Curvularia buchloes CBS 246.49 T

0.007

9 Bipolaris sorokiniana Ag2Kl 4 gw 4 Jae ITS-IDNA 15 Iy wlal 5 edd =7 Saike sy —) K
PAUP )\J'é\r,; Seslal b &)}L& S5 e "l Bipolaris e Jil-’ 4 s VA 5 Bipolaris victoriae O31R3
Ol 1y NI GIUT @ by o v slizel slie asls ja YU slusl g_,.ejf Clen.v‘ Neighbor—joining s, 4 (v. 4.0b10)

Sl ol 03l OLiS outgroup Ol e & Curvularia buchloes s Curvularia subpapendorfii 4.»'}? PERREX

Fig. 1. Phylogenetic tree of Bipolaris sorokiniana Ag2kl and Bipolaris victoriae O31R3 based on ITS-rDNA
sequences. The phylogenetic tree was conducted using PAUP version 4.0 b10 based on Neighbor—joining
method. The bootstrap values are shown on the nodes. Curvularia subpapendorfii and Curvularia buchloes are
shown as outgroup.
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Fig. 2. Morphology of B. sorokinian. a, b and c, Colony form on PDA, PCA and MEA; d, e, f, g and h,
conidiophore; i and j conidia. Bar = 10 um (d, e, f, g, h and j) and Bar = 50 pm for i.
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Fig. 3. Morphology of B. victoriae. a and b, Colony form on PDA and PCA; ¢ and d, conidiophore; e, conidia.

Bar =10 pm.
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Table 1. Inhibitory effect of endophytic fungi on mycelia growth of Ggt under in vitro tests after 7 days

Dual culture

Volatile metabolites

Non-—volatile metabolites

Treatments  Colony radius Biocontrol  Colony radius  Biocontrol ~ Colony radius  Biocontrol
(mm) efficacy (mm) efficacy (mm) efficacy
(%) (%) (%)
Control 8.87+0.13 a - 9.00+0.14a - 9.00+£0.00 a -
pathogen
Ag2K1 5.87+0.18b 33.85 8.48+0.26a 5.74 831+0.11b 7.63
031R3 3.07+£0.13 ¢ 65.41 876+0.12a 2.67 797+0.26b 11.48

SOle O g a3 sl sl oSS O 3a3T alal Ly Aoy gty e 53l e U] iDL sl U3
Ols ot 1) Conl 1SS 4w

Mean followed by different letters within the column represents significant differences according to the Duncan
multiple range test (P < 0.05). Data are mean of three replicates with & standard Error (+ SE).

oyl 3T Lyl 5 53 oS sy &S e DS 5 5 (s LS 5 A5 53 b gkl B slaa i U1 —Y s

Table 2. Ability of fungal endophytes to produce antifungal metabolites and plant growth promoting properties
in vitro.

Functional test Ag2Kl1 0O31R3

Secondary metabolites and

enzymes

Protease — —
Chitinase _
Pectinase
Cellulase - -
Siderophore - _
HCN _ .

Plant growth promoting characters

Indole—3— acetic acid (IAA) (ug/mL) 2.27 1.23
Gibberellin (ng/mL) 32.66 3.94
Phosphate solubilization - —

Sl sl j s g sl c(.f Cdlad s lasOlid s 5 4+ 5+ o

+, ++ and +++: isolates showing low, high and very high activity, respectively.
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Table 3. Effect of selected fungal endophytes on disease severity of wheat take—all disease in greenhouse
condition, 35 days after inoculation

Treatments Disease severity Biocontrol efficacy (%)
Control pathogen (Ggt) 493+0.04a -

Control water 0.00+0.00 ¢ -

B. sorokiniana Ag2K1 0.00+£0.00 ¢ -

B. victoriae O31R3 0.00+0.00 c -

B. sorokiniana Ag2K1 + Ggt 240+0.11b 51.32

B. victoriae O31R3 + Ggt 2.29+0.05b 53.55
Teboconazole + Ggt 0.00+0.00 ¢ 100
Difenoconazol + Ggt 0.00+0.00 ¢ 100

s Ot g o 3ol il o (Sils O ga5T bl s o ys gy peda 53 Sl e (3Dl otans 0L Sglize o

Mean followed by different letters within the column represents significant differences according to the Duncan
multiple range test (P < 0.05). Data are mean of three replicates with + standard Error (+ SE).

B. sorokiniana . sl Gl alr opes LU

S sSE s5gy Cudgil 6 Sl wlea b
o Sl B Lsa> 05 s ol 4 AgIKI PWS oS g
Aali b awlie 53 a8 olS il gla e la 415 Sty by a6 (5 bl U i 53 3 s
BE L (’*Lf °L:f S sl el oD LS r"*" A RIS R RES j:ﬁ:af:l: olis (,a.Lf al:f
Sl gre OV HL“' Aald b awlae o uhg’,')u BN o wld 93 A sy r.,\.f a\:f Gkiy s, eSl
(F Jod) A2dil ea b Dis iy § Ojs ele 5 05y wle gl 3l
S ol T s 5wy S 0 5 Ble S

555 ¥0 5l 18 ol s (sla et li (555 S sle B ol en 5 2B 4 (2B sle b gl 56 —F s

Table 4. Effect of selected fungal endophytes alone, and in the presence of Ggt on growth parameters of wheat,
after 35 days.

Treatments PH (cm) SFW (g) RFW (g) SDW (g) RDW (g)
Control Water 38.58%+£0.06  049%+£0.01 0.058°+0.002 0.073°+0.0016  0.035°+ 0.001
Infected control 17414097 0.02940.003  0.003°+0.001  0.0149+0.0019  0.002¢ + 0.002
B. sorokiniana Ag2K1 40.82+057  0.65°+0.025 0.084°+0.003 0.860°=0.0025  0.063" = 0.0002
B. victoriae O31R3 38320409  0.49%+0.023 0.058°+0.005 0.075°+0.0016  0.035°0.002
B. sorokiniana Ag2K1 + Ggt ~ 28.75°+1.02  025°+0.11  0.0349=0.002  0.051°=0.003  0.02°+0.002
B. victoriae O31R3 + Ggt 20524115  0.50%+0.017 0.042¢+0.001 0.053+0.0026  0.026+0.001
Teboconazole+Gat 37724 1.06  0.49%+0.014 0.052°+0.001 0.490+0.014  0.034°0.001
Difenoconazole+Gagt 39.05% +0.66  0.50% +0.017  0.053°+0.001 _ 0.500 £ 0.017 _ 0.036 + 0.002

3 Ailodd auglis 1 laws )3 55513 03057 daws 4 45 s 1SS aw (s lkal gl #) 5 Kke (Jgdr 20 5le]
aiy i (059 RDW casl ¢Sis

Mean followed by different letters within the column represents significant differences according to the Duncan
multiple range test (P < 0.05). Data are mean of three replicates with + standard Error (£ SE). PH, plant height;
SFW, shoot fresh weight; REW, root fresh weight, SDW, shoot dry weight and RDW, root dry weight.
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Abstract

Take—all disease caused by Gaeumannomyces graminis var. tritici (Ggt) is one of main wheat diseases
worldwide. It is the most important disease of wheat and other temperate small—grain cereal such as barley and
rye. Biological control is promising approach to protecting plants from disease. In this study, two endophytic
fungi isolated from healthy cereals plants and their potential as biological control agents (BCAs) were tested
against Ggt under in vitro and greenhouse conditions. The fungal endophytes were identified based on
morphology and ITS rDNA) sequences as Bipolaris sorokiniana Ag2K1 and B. victoriae O31R3. The selected
isolate of pathogen (Ggt) was pathogenic on wheat plant c.v Pishta.z and the first symptoms of disease appeared
after 20 days. Pathogen infected wheat roots and caused a root rot, and symptoms progressed into the crown and
base of the wheat stem. Both endophytic fungi represented in vitro antifungal activity against Ggt by dual culture
test with (33.85%) in B. sorokiniana Ag2K1 and (65.41%) in B. victoriae O31R3. But both endophytic fungi had
low effect on growth of Ggt in vitro by volatile and non—volatile compounds (2.67% to 11.48%). Both isolates
produced Pectinase. Isolate of B. victoriae O31R3 produced Chitinase. None of isolates produced Protease,
Cellulase, Siderophore, HCN and phosphate solubilization. Both isolates Bipolaris sorokiniana Ag2K1 and B.
victoriae O31R3 had significant effects on controlling take—all in greenhouse conditions and reduced disease
severity of take—all in wheat with ranging from 51.32% to 53.55%, respectively. Also, both isolates Bipolaris
sorokiniana Ag2K1 and B. victoriae O31R3 produced IAA and gibberellin, which had the most effect on
increasing of growth parameters of wheat plant in greenhouse conditions. The results of in vitro and greenhouse
conditions showed that the endophytic fungi had an effective antifungal activity against Ggt causal agent of
take—all disease in wheat. No disease symptoms were observed in seedlings infected by these isolates (B.
sorokiniana Ag2k1 and B. victoriae O31R3). Therefore, it is possible, that these endophytes as biocontrol agents
were protected wheat plant against Ggt causal agent take—all disease. The results of this study showed that it may
be possible to manage wheat take—all disease effectively by using endophytic fungi as biological control agents
for use in the field.
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