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In this study, two endophytic fungi isolate Ag1T5 and TB4L1 were isolated from
Aegilops triuncialis and Triticum boeoticum, respectively. They were identified as
Penicillium canescens Ag1T5 and Penicillium hordei TB4L1 based on phenotypic
characteristics and molecular phylogenetic analysis of the calmodulin gene (Cam)
sequences. Then, their abilities as potential biological control agents (BCAs) against
Gaeumannomyces graminis var. tritici (Ggt) were evaluated in vitro and
greenhouse conditions. In dual-culture method assay, isolates P. canescens Ag1T5 and
P. hordei TB4L1 reduced Ggt growth by 52.65% and 70.69%, respectively. Antifungal
effects of culture filtrates were observed for P. canescens with 38.11% inhibition,
followed by the P. hordei (29.44%). Unlike, the volatile metabolites of selected
endophytic fungi had low effect on growth of Ggt in vitro (2.07 to 10.33%). Fungal
endophytes produced antifungal metabolites such as chitinase, cellulase, siderophore,
protease and pectinase. Both isolates did not produce HCN and they were not able
to phosphate solubilization. Furthermore, both isolates produced auxin (1.57-
2.09 pg/mL) and gibberellin hormones (28.85-29.91 pg/mL), which significantly
enhanced growth parameters of wheat plants. Disease severity of take-all were reduced
by AglT5 with 83.57%, followed by TB4L1 (38.74%) in greenhouse conditions. In
conclusion, both selected endophytic fungi were reduced disease severity of wheat
take-all disease and were improved growth parameters of wheat plant under
greenhouse conditions. Moreover, P. canescens AglT5 is good candidate, which
might be useful in protection of wheat plant against take-all disease under field
conditions.
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Extended Abstract
Introduction

Gaeumannomyces graminis var. tritici Walker (Ggt) cause wheat take-all disease and it is the most important
disease of wheat and other temperate small-grain cereal such as barley and rye (Cook., 1994; Yu et al., 2009;
Cook, 2003). The pathogen survives parasitically in the roots during the growing season and saprophytically on
plant debris after crop harvest (Bailey et al., 1999). The pathogen damages cereal plants by rotting the root,
crown, and base of the stems and the disease can spread through different ways such as soil, diseased plants, and
plant debris ((Asher and Shipton, 1981). Management of the disease by current methods such as crop rotation,
use of chemical fungicides, resistant varieties, tillage to hasten infected residue decompaosition has been reported
to be ineffective (Ghahfarokhy et al., 2011; Liu et al., 2009). Biocontrol of wheat take-all disease by means of
different microorganisms could be used as an effective and sustainable approach to control take-all disease of
wheat (Lirong Yang et al., 2015; Youn-Sig Kwak et al., 2012) and the use of biocontrol agents (BCAs) to
management of wheat take-all can be a more efficient and environmentally friendly alternative (Lirong Yang et
al., 2015). For example, Gholami et al. (2019) found that soil drenches of Coprinopsis urticicola and Rhizoctonia
endophytica decreased disease severity of wheat take-all comparable to fungicide application, and Sari et al.
(2006) used a seed soaking treatment with Pseudomonas fluorescens to control wheat take-all in the greenhouse
and field conditions. The aim of this research using two endophyte isolates for their ability to suppress Ggt
causing take-all disease of wheat in vitro and greenhouse conditions.

Materials and Methods

The pathogen Ggt was obtained from the collection of plant pathology department, university of Kurdistan
(GenBank accession number: MH488732). Two fungal endophytes were isolated from healthy cereal plants and
were identified under a microscope (Olympus BX51) based on the morphology (colonies, mycelia and spores)
and molecular phylogenetic analysis. Pathogenicity test of Ggt was demonstrated on wheat (Triticum aestivum
L.) seeds of cultivars Pishtaz susceptible to take-all disease. Antagonistic abilities of fungal endophytes against
the pathogen were investigated through in vitro assays (dual culture, volatile metabolite and non-volatile
metabolite) and greenhouse conditions in a completely randomized design with four replications. For greenhouse
tests, pathogen and fungal endophytes inocula were prepared on sterilized wheat seed and incubated for 4 weeks.
The wheat cultivars Pishtaz susceptible to wheat take-all disease was planted in sterilized soil -sand-peat mix
(2:1:1, w/w/w) inoculated with pathogen (20 g/kg soil, in each pot) and endophytes (40 g/kg soil in each pot) in
greenhouse conditions. After 35 days, the disease severity and growth parameters of the wheat plant were
evaluated (Weller and Cook, 1983). Data were statistically analyzed by standard analysis of variance (ANOVA)
using SAS software (Version 8.2; SAS Institute, Cary, NC, USA, 2013). Differences among different treatments
were analyzed using Duncan’s Multiple Range Test (DMRT) at P<0.05. Data were reported as mean values =+
standard error (SE).

Results and Discussion

Two fungal endophytes were identified as Penicillium canescens AglT5 and Penicillium hordei TB4L1
based on phenotypic characteristics and molecular phylogenetic analysis of the calmodulin gene (Cam)
sequences. The results of this research showed that two endophytes were highly capable of inhibition the mycelial
colony growth of Ggt with inhibition 52.65-70.69% and 29.44-38.11% respectively by dual culture and non-
volatile metabolite assays as compared to untreated control treatments after 7 days of inoculation, while volatile
of P. canescens and P. hordei had no significant inhibitory effect on Ggt. The fungal endophytes such as Fomes
fomentarius and Coprinopsis urticicola showed in vitro antifungal activity against Ggt by dual culture assay on
PDA medium with 39.1% and 43.6% inhibition, respectively. Two fungal endophytes produced antifungal
metabolites including chitinase, cellulase, siderophore, protease and pectinase. Furthermore, both isolates
produced IAA and gibberellin, which had the most effect on increasing of growth parameters of wheat plant
(Gholami et al., 2019). Isolate of C. urticicola suppressed the mycelia growth and caused change in morphology
of Ggt so that it may be correlated with production metabolites or lytic enzymes such as protease and pectinase
that caused abnormalities hyphae morphology (Gholami et al., 2019). In greenhouse conditions, both endophytes
P. canescens and P. hordei were reduced disease severity 83.57% and 38.74% respectively. Furthermore, both
fungal endophytes improved plant growth parameters of wheat plant. Several biocontrol agents such as of
Bacillus subtilis (Lirong Yang et al., 2015; Lirong Yang et al., 2018), Pseudomonas fluorescens (Youn-Sig Kwak
etal., 2012; Mohamed and Grossmann, 1994), Streptomyces, Microbispora and Nocardioides (Justin et al., 2004)
were evaluated to control wheat take-all disease and reduced disease severity of disease. Also, C. urticicola M2
and Rhizoctonia zeae M32 effectively reduced wilt disease and increased the plant growth parameters of wheat
plant in greenhouse conditions (P <0.05) in comparison with the inoculated control (Gholami et al., 2019).



Biological control of Take-all disease of wheat using two fungal endophytes, Penicillium .../ Gholami, etal., 321

Conclusion

The results of this research indicated P. canescens Ag1T5 had a great potential as biocontrol agent against
take-all of wheat caused by Ggt in vitro and greenhouse conditions. In addition, P. canescens AglT5 was
improved wheat plant growth in greenhouse conditions and it can be used as a safe and suitable alternative to
chemical fungicides and could be a useful biocontrol agents BCA) for take-all management.
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(¥ Jgaz) w05 bais wll 2ald jlaw b duglie ) (adey 5 0jg jom) paiS ol

3 paS oS oad)y sloyeSl (o9, )5l 2,8 olpen ¢ e P. hordei TB4ALL 4 P. canescens AgLT5 g6 g ol .£ Jod>
jor VO 5w SIS Lyl

L low (cm) ady, Jgb (cm) ailw Job (0)5) aiy 55 339 (0)5) 4Bl 5 39
Control water 15.95+0.68 b 3858 ++0.61b 0.058 £0.001 b 0.490£0.010b
Control pathogen 2.48+0.06 e 1741+097e 0.003 +0.001 f 0.018 £0.003d
P. canescens 17.82+0.48a 4176 +0.30a 0.082 £ 0.006 a 0.645+0.020 b
P. canescens + Ggt 12.64+042c 3230+150¢ 0.045+0.001d b+0.468 £0.18
P. hordei 1559+0.51b 39.04 £0.81 ab 0.054 +0.003 bc 0.487£0.020 b
P. hordei + Ggt 5.27+0.10d 26.21+1.25d 0.014 £ 0.002 e 0.133+0.160 ¢
+ Ggt Teboconazole 1541+0.96 b 37.72+1.06b 0.052+0.001c 0.487 +0.014 b
Difenoconazole + Ggt 1556 £0.82 b 39.05+ 0.66 ab 0.053+0.001c 0.497 +£0.017 b
I me M3 (Sl caliseo gy il dunlio /0 pdaw 15 (ySOld y905] dloasy 4 45 Ay ) ,S5 s (3 kel (gl F) Sl ¢ ol (yie dlae]

sl 0yled oy

ol S G 5 dilo ) (Sdugy o 85 Sl pS SIS loglows it 1 (S p5 0,55k (5 lew
29035 gilwlis hlels s yes 45 puiS olS I ME (GOt )3 ks 256 40w (COOK, 2003) 5445 o paS dBlus
a8 oLS (595 S low z)B wgw ol lew (Gholami et al., 2019) w535 Llolis JoSge 5 wliscsu, ol
b dle ol bcwwd § ddsb iy, (Sub ol Cyae @ (gHlew mMe ol SOl a0 )5 Gl jlide o8,
Sattary et al., 2020; Gholami et al., ) a0k p S5y 93y WeisS Jals Jlow & Cuns Hlow sladis 5 13,5
ol 4l A5 oo 3yl @ )lus 35 Jbgls 5 g dlen jl alel T 00lgls HlalS plw & pAS y 0gMe g6 ) (2019
59050 )l Slowr cnl 4 g2 g S |y ol gyt Cal Sglite (5)low el e 53 4zl S 03lgls lals
(Gutteridge et al., 2003; Bithell et al., 2011) cul polie puiS 0,5L (s5lows Jlie 0 cud Sygo 4 Hbgls
s g 2l Jlisy laome a5 NS0 ST gl 2,08 5 oS )8 Lausgs a5 0)55 (gloss 2liend U5
il =y slasey ple (Sanssene et al., 2011; Selim et al., 2014) sas o ials 1) b oS ,B S 4 ond
Jolse 5,0)8 opl pli (Liu et al., 2009) )l o, 3 ojlul & 35 00 ¢ polae plB)l 51 oozl cogls Jud
S5k g 5 g0 Nl e ys5de sl by) 3Rl Gl 4 (lom ool Cupie > Cudonil slag B ogasy <] S g
Oleeds (2B slacudanl HUle g i 5l ool wlddss (Gholami et al., 2019) sl awsls Cuw jlase b (g ik
(Liuetal., culosis 4555 9 pbl alS calises (slbiee 5o LS 2B sloylon Copie 13 JyiS on Jolos
P. Cudgll )8 agw 90 calllas () 5> .2009; Sun et al., 2025; Yuan et al., 2021; Samain et al., 2017)
QLS 5 oKiinlojl Ll sy Ll LUl g (oilolis cudanil lgie 4 eMe odlgils 4lalS 51 P. hordei s canescens
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Ao GalS il glacdl ) Sojslsn S Jelos Glyiea acudgnl Al pwyp paS 0)05h (low ade
cdadlbxo [)lowy Jolge blde )3 (LS I JpiSan Jelgs Olgisar 9 615 ol oMl 3 (Sl jlown (18 9 Sttun
Olgie a4 Jolg0 5wl Cuy Gluogas wlol » 40w 93 (Zhang et al., 2014; Xiang et al., 2016) 15’ .
aS p Ady alS caw Cul g SS g ool bulps j> dygw 93 ya ub olwlus P. hordei 4 P. canescens
(Ggt) pu5 o)k )8 cullad (y2alS (55 Cubgail )8 g 53 il Elis S paiS 0)53 L (5)lon 1 5 BT )8
(P. canescens jlgy, cubssil g, 93 ,0) jluts o jVsko 989,00 Jto (2)80s Sl 5 4l ol Jlam g puS
(Gholami et al., 2019; Ahmadzadeh and Sharifi Tehrani, .isb (P. hordei TB4L1) ;LS 3 Ag1TS)
A g S 55 jlows 7)) cllad ialS (g4 (6 yuin w50 LS Lyl s 45 P. canescens AgLTS cudssil z,6.2009)
1 ol e ()8 Cudoi] hawgi 003 Mot 2 )Bas LS 5 g byl 45 canl s ol 4 Y] 45 il pgd
Sy i S 3 i slowy Jelo cpl (s ST 5 9 048 S )low )8 18U (35 S f o ST (b Ll
Solew 256 (59) 5108 13U (duoyd YAIVY) S5 Laylyis ;5 P hordei TBALL codgnsl 2,8 6,k 5l .ansl ausly
Sl B8 5,Sloe g el Hlo ooubitune dlaly 45 and o UiS i ) sl (1oyd V- /5) ol lol oyl o dy onnnd
(Elsherif and Grossman, 1994; Weller and sl aiily s93g cunl (Koo 655 ¢ ol lojl Ll s )3 cadgus]
A Sl Cogby dod Jub 5l S 30y byl a8 ooly lis clidss pisces .COOK, 1983; Gholami et al., 2019)
3 ool San Sy ciliee Jalge a5 5 300 05 JySm Jolss 3Skes (55) sl oS00 SB il
Sl imgs zols b gud>s opl )3 odel cows 4 guls .(Huang and Erickson, 2008) siusG Jos cglite waliseo Ll yi
(Wen et al., 2024; Sun et al., 2025; Gholami et al., 2019; cuib calls K>  pbixe bawgs oid pll
.Mohamadpoor et al., 2022; Alijani et al., 2022)
@B 3 290 ol wlgiiee Hsayies W b S sm Jlss Widg ysdgyies 5 4 2B Cubonil @B aygw 5> o
(Alijani et al., 2020, 2021; ol s coldy opls 51y o g Wlop 393 Bpas 4 9 03,8 Gls 1) )5 )lew
Sy g 5Wep Jio Jole 2,8 ©luSy WJg i .Mohamadpoor et al., 2019; Gholami et al., 2019)
bylpd )3 low ©ad (ialS 5 o] gl (35 Wl 5l Canlos S o )8 &5 1y ol s Byl )6 Loy
ol [(Alijani et al., 2021; Mohamadpoor et al., 2022; Stein, 2005; Singh et al., 2008) 5,5 . 45
Jolge Lausgs olS (Sl 5l Canlan ) age sl (285 9 2S5 41325 |y S)lon @B Jsho o)lszd 457 638 Loy
Trichoderma (slagz, .(Xu et al., 2021; Haggag et al., 2006; Karimi et al., 2017) sS™ g5b )5,k
Jele @B slacinn g9y 9yt 9 15 g il puslSe (o CundS I Jalse lsice T. viride 4 harzianum
GOt )8 cslocinn (595 2lirgml 9 oomwl 58S g9 iy 2 £9,0 i 9 00d )8 45y Ay &lo p5 0)53 L (5 low
lisee sl gy 3l S 5 Canl (S pAS 0)05 L (silews s j J4iS eunslSe L(Kianivafa et al., 2021) S
(Mendez et al., 2021; Xu et al., 2021; Wipat 1l ,5 lew Jlio ;5 ol caoglio 50 g jom (51 wcols, o
4 Cuws P. canescens AQLTS 4w Jolw z,6 cluS'y 8L ;| .and Harwood, 1999; Alijani et al., 2019)
bogols cpl g ol Lials oymin e & oiolojl Lulps 13 1) 3 )lew 7,6 a5, a5, P. hordei TBALL «guw
Gilolis Wl puiS olS 51 C. urticicola M2 cudssil 460 (Gholami et al., 2019) cusly casllas SIS slaassl
Cudglil (¢S (Gholami et al., 2019) 35,5 jatue pAiS ol g duisy (sloel ] > Canslys g ol als salds e b
,»B Nocardioides 4 Microsbispora Streptomyces |zo (sl s | CunoguiST (slaassS 4 Bacillus subtilis
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(Khezri, 2017; Liu et x> gals abdS g oiolesl 3 1) paiS 0)63b (o)l ds g GO 2,58 45 5 L) Mt
DB bug odpr opogesid Wy Lmily o] eloge Gl 5 paS olS 0y 5 S8 0 ere B &S
(Khan et 55,5 ol 0y deu0 9 @y )l Sj8le> s Artiplex gemelinii gz, oLS ;> Penicillium citrinum
9 g5 00 LS Wd) S0 Caw JyiSaw Jolse baws ae,emgud LS 5 aJgs .al., 2008; Xu et al., 2021)
28 o clablona L3y lowy Jalge: i )3 1) ol g 031> 25 (g o g (i) sl Blie 31, QLS Joos
B Gow &5 > o Ll Baiss ol @ls (Gonzalez Lamothe et al., 2012; Mohamadpoor et al., 2022)
Sl Coppde D () sodeS LB 13 g She CaunsgSLsl Jolge lgicas Kl o P. canescens AgLT5 cudgul

Wlolgiin g 5 25 A0
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S g olSislojl bl 3 g8 BB )50 @]y GO ) 1 (36 puiS 0y (g)lo @5 5 5o )6 45
slo S8l o8 ojls Jto calie (s 3 (oS 5 ol (San et )8 w9 Jar uslSla i inlS
5 OS] Jio 2o y90y5m98 155 5 Jsho @5 Sl 5 a5 5 Sm (Bl e 2liE Slgo yus ol puS Ay 3D
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