Biological Control of Pests and Plant Diseases

The Univefsity of Tehran Press

Online ISNN: 2322-2883

Homepage: https://jbiocontrol.ut.ac.ir/

Mass production of two entomopathogenic fungi Metarhizium
anisopliae and Beauveria bassiana using diphasic fermentation

Maryam Rashki*

Department of Biodiversity, Institute of Science and High Technology and Environmental Sciences, Graduate
University of Advanced Technology, Kerman, Iran. E-mail: ma_rashkigh@yahoo.com

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received: 2 April 2024
Revised: 29 May 2024
Accepted: 9 June 2024
Published online: Spring 2023

The aim of this research was the laboratory production of two efficient and native
strains, Metarhizium anisopliae var. acridum and Beauveria bassiana Z1, using a
diphasic fermentation method using solid substrates (wheat, cooked rice, barley,
sorghum and wheat bran) followed by a liquid substrate (whey) at 25 °C. The
maximum number of submerged conidia was significantly produced in 50 ml whey
compared to dextrose agar liquid medium. The solid substrates were then inoculated
by submerged conidia obtained from whey. After 14 days, 1 gram of each solid
substrate was immersed in 100 ml of Tween. The highest average number of aerial
conidia of M. anisopliae in one ml was obtained in rice substrate (1.08x107+2.42x10°)
and wheat bran (1.06x107 £1.86x10°) without any significant difference. The survival
percentage was 100% for all solid substrates except sorghum (98.90%). The highest
number of conidia produced by B. bassiana was observed on the wheat bran (5.14x10°

conidia/ml). However, it was much easier to handle the wheat, which produced 4.30 x
108 + 3.71 x 10* conidia per ml, than wheat bran for mass production of B. bassiana.
The lowest percentage of survival (39.20%) was observed in barley. The number of
conidia in one gram of M. anisopliae obtained by sieving rice and B. bassiana obtained
by sieving wheat was 2.85x10%° and 3.09x10% conidia, respectively. The results
clarified that the diphasic method using whey with the applied concentration was
successful for both strains and produced an appropriate amount in the solid
fermentation phase.

Keywords:

Conidia,
entomopathogenic fungi,
solid substrate,

whey.

Cite this article: Rashki, M. (2023). Mass production of two entomopathogenic fungi Metarhizium anisopliae and Beauveria bassiana
using diphasic  fermentation.  Biological Control of Pests and Plant Diseases, 12 (1), 11-28. DOI:
https://doi.org/10.22059/JB10C.2024.374002.338

@ @ @ © The Author(s). Publisher: The University of Tehran Press.
v DOI: https://doi.org/10.22059/JB10C.2024.374002.338

Extended Abstract

Entomopathogenic fungi often cause high levels of epizootic disease in nature, and biological control agents
are broad-spectrum and environmentally safe. Global cheese production generates more than 100 million
tonnes of liquid whey per year, which, if discarded, is considered an environmental pollutant. Cereals and
agricultural wastes are used as the main substrates for the mass production of entomopathogenic fungi in

different regions of the world, depending on their suitable transport characteristics and cost. In the current
research, a diphasic fermentation method involving the production of spores in whey and then injection into
solid substrates including rice, wheat, sorghum, barley and wheat bran was used to produce aerial conidia and
various parameters such as the number of spores produced, the percentage of viability and the amount of
resistance to different temperatures were investigated. Two isolates of pathogenic fungi, including Metarhizium
anisopliae var acridum and Beauveria bassiana Z1, whose pathogenicity on various pests had been previously
studied, were used to carry out the experiments and investigate the mass production process of conidia. For the
first stage, cultivation and multiplication of spores in the whey, the liquid culture medium containing 87.5 g of
whey powder in one litre of distilled water was prepared and autoclaved. In contrast, another culture medium
containing 20 g of dextrose plus 20 g of yeast in one litre of distilled water was prepared and autoclaved. In
the case of solid substrate fermentation, five substrates were prepared, including wheat, barley, rice, sorghum,
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and wheat bran. Two hundred grams of each substrate except bran were washed with tap water and then dried
and poured into five-litre plastic bags with 100 ml of water. All substrates were autoclaved. To aerate the
substrates, the open part of the bag was passed through a plastic cylinder and then covered with a layer of cloth,
paper towels, and aluminium foil, respectively. After 72 hours, the amount of spores obtained in liquid culture
media was checked. Whey was a more suitable culture medium for the cultivation and production of submerged
spores. The results showed that the highest amount of conidia of M. anisopliae per ml was significantly
obtained from rice and wheat bran. The lowest amount of conidia production also belonged significantly to
sorghum. The highest number of B. bassiana conidia per ml was obtained from wheat bran. Then, the wheat
substrate produced the highest amount of conidia. The lowest amount of conidia also belonged significantly to
barley. For M. anisopliae, the viability of conidia obtained from all substrates except sorghum was 100% and
there was a significant difference between these two groups. The results showed that for B. bassiana, the
viability of conidia obtained from all substrates except barley was 100% and there was a significant difference
between these two groups. The viability percentages of both isolates were determined at ambient temperature
on rice and wheat, respectively, after 11 days.The mean viability percentage of M. anisopliae was 97.2%. This
value was 100% for B. bassiana. The moisture content of cooked rice and wheat was 60.96% and 40.96%,
respectively. One gram of conidial powder of M. anisopliae obtained from sieving rice and B. bassiana
obtained from wheat sieving contained about 2.85x10%° and 3.09x10% conidia, respectively. The results for B.
bassiana Z1 showed that the viability percentage of conidia after eight weeks of storage was maintained at the
same level of 100% in all ratios of talc powder and without talc powder. However, for M. anisopliae, the
viability percentage of conidia increased significantly with the increase in talc powder. In addition, without the
presence of talc powder, the viability rate of M. anisopliae var acridum decreased from 97.2 to 72.40%. The
results of the present research showed that the two-phase method using whey was successful for both isolates
and led to proper conidia production in the solid fermentation phase. This diphasic method with the described
combination was carried out for the first time for insect pathogenic fungi mass production. Future studies
should aim to optimise the mass production process based on whey, cereal grains and agricultural waste. An
important issue in the mass production of entomopathogenic fungi is screening the substrates to harvest conidia,
especially wheat bran. Using advanced technologies, equipped digital sieves and shakers with specific settings
for each substrate should be designed and built to obtain the maximum yield by avoiding conidial waste.
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M. anisopliae whey 8.33 x 107+ 1.65 x 10%
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dextrose + yeast 2.82 x 105+ 5.19 x 10%8

(P<od (Sl ygel) 3515 s ime B3] (g ylel i I gliie gy b laypuSileo

Wl gt guili 2099 Al> 50

53 cuiiS dls o 5| B. bassianay M. anisopliae )3 lew z,8 g5 1o 4 sleio jgabot (sl yguwl 3 yglcewss 5
PAS s 5 peSygm 2 IS @y Jold bl (slojtn 4 (e losaS Ayl sl ol iy O
£35SV S loj bl bt (Y Jpin) Adduglio 5 e st 10 53 ke 53 008l G0 (i 4535
s, M. anisopliae z)B (cauS e cpyidias b SKid g y9abge Av pwoi yid oo Voo )3 2B 4 odgl] i
Ol CpyieS (FEMWY/EN; Af= ¥ g Yo P<o/eeo)) solcuwds pliS oo g g0y 415yt 51 )15 dmeyglay yod oo
D92 P95 yg0 s 4 (Blale S inejola 55 (35S Mg

Voo 33 i pyS )V &S Sloj s e G 55 B. bassiana 4 M. anisopliae 3l )6 slagans sl (5 lsll glas £) . Ske ¥ Joos
A5 gt Ar g il e

Pathogenic Solid substrate No. of conidia/ml
fungus
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Barley 1.73 x 105+ 6.79 x 10%*

Sorghum 2.82 x 10%+ 5,19 x 10%
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Wheat 4.30 x 10°+3.71 x 10*8

Barley 1.06 x 10°+ 2.61 x 10*°

Sorghum 2.72 x 10° + 4,58 x 10%C

Wheat bran 1.06 x 10" + 1.86 x 10°*

(P<e140 5S3ly y0l) L1 ls gxe M3 g )lal i 5l cglisie chgys b o uSibio

O I e sy o SO gl (B 5 5abst A sl ke Ve o @B aredgl i p)5) &Sk

(F=Y-a/Va; df= ¥ o Yoy P<o/eee)) Salcansy paiS pogen yius | yid Jeo y» 3 B. bassiana g, usS lse

4 Bl o staeyglar 55 (535S Mg e (pieS 2505 ) a8 s i pAS e o 5l e (Y g2)
DP9 P

ol S s 59 ok g ST (3419 W0 33 (w4
g 42 53 Y0 slod
dol> Calisee (sl yius (59, oAy B. bassiana 4 M. anisopliae |5l 2,6 (oauS Sloossj duo > cdaldl )
Yo 350 Byt pled 1 sdelcunds (laeaS Sleess; )lie M. anisopliae »yge ;5 45 sly)lis gubs Abdpwle
(¥ Jogs) (FEIYY; df= ¥ o Ve P<o/eve)) Cublboge gyl xe olds 09,5 53 cpl (p 9 99 doyd Voo poS o
9>y 370 b yian pled 1 odel s (slagaS Slooss; lsae B. bassiana s,ge ,o a5 sl lis zols ¢ piren
(¥ Jgso) (FRAYWN/YE; df= ¥ g Ve P<o/eev)) Cubladgsg jbo sixe glds 05,5 55 (pl oy 5 39 doyd Voo

il dol> (5l i (59, s iAs5 B. bassiana ¢ M. anisopliae ,3)ley g, (slasauS Sleosi dopd (Hlao Bl ool £) (1 Siko WV Jgas

Pathogenic

fungus Solid substrate Percentage of viability

M. anisopliae Rice 100.00 + 0.00°
Wheat 100.00 + 0.00?

Barley 100.00 + 0.00?

Sorghum 98.90 + 0.10°

Wheat bran 100.00 + 0.00?
B. bassiana Rice 100.00 + 0.00*
Wheat 100.00 + 0.00”

Barley 39.20 £ 0.618
Sorghum 100.00 + 0.00*
Wheat bran 100.00 + 0.00%

P10 5SSl yg0l) 15,15 ls gme M3 (g lal i 3l cglise g ys b Lo Sl



VPoY (ol 8 5lois o 5190 6550 « (LS (sl g ylows 5 T Sy jolas il g puisd Y-

g 42 30 PO sboo
el du 3 G wgmalwds > ¥O slod ;o B. bassiana ¢ M. anisopliae 3 jlew 7,6 wlis 9> 0 Jidles ao)d

ook )T o slod

sy 3l 02latol b (sins (6l o) opiS gy b (3558 9 oS (3,5 he ()l Jdsas cusl S Y
plsl B bassiana 3 jlew g, (cauS aJg (gl pAS i 9 M. anisopliae (3les 7,6 (cauS Ao (gl iy
(YAE Y °C) olKiislojl Lauo (clod ,> B. bassiana g M. anisopliae )3 ,lew 7,8 alis 93 o Slooks; oy ¢ pl ol
M. anisopliae 5 jlow 7,6 Slodij do > 15xSko Ay 595 VY 51 s pAS g 20y (s s (69 0B85 iy
D9 o yd Voo Bubassiana )5 lew 7B (clp e opl el Cunds oy AVIY

o ol Sl i Cagb y o 3

puS o M. anisopliae |5l 2,6 sla S g sl diy g6 Jolis Cowtio sl s 5l p,5 B SiS 159
971N iy pAS g sy @ s Cush) (e ol Fin 9 M85 0jl0I B bassiana sl suiS g5 sl
Addwlxe o /A5

S>30 99 Jigy 3 Jol> S uS (il jwo

5SSl Jols M. anisopliae (3 ke z,6 51 (648 104 £)5 /YD 3 (S gumiliwguw cdodld s 45" 4365 lan
5 1iad (103 </ ¥) Ar g s 00 3 pS s 5SS | Juols B. bassiana S les g5 5 gt i
M. anisopliae ,3,les z,B 5| (08 392 p,5 G dalcands il oo 0 Y/+F x VoA 5 VA0 x Vot Cd iy (eauiS o
X VeV gds (ggls S g paS s (0,5l ol B, bassiana )3yl 2,8 5 g e (35S Jeols
Dgr (S YA XYV o Y/AD

Jorse 2 g aisg, Glidyd gl > addlcunty slosiS g ibindgle dadl Sl 5 Sl (ol
B. 5 M. anisopliae 35 ley slag B L sddosuis cuipas puS g g p slaJel,S 5l (s)lde ¢ pimad A 5,0
el gy J5Sebis bl Sy 5131 5ol sl 9 886005 Bladé By ks 5 3 bassiana
JS3) aeleesss Slos )6 139 £5 ¥+ 350 dabs i p,SolS (S p &S sl 5 B a8 515 Gy ks 5o
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AR IR 774 ...QS” 31 83léw! L Beauveria bassiana g Metarhizium anisopliae «l pis 45 lows 18 93 Wi (it iy — cole)

Solow 758 () S 091 9,5 low 758 (1S (S9l> 09 g () 5 )low 7B b oddosigy gy slaaly (M. anisopliae 5 les 7,6 .Y JSui
(5) ST pd5 5 55 o 256 (s0uiS (g3l y090 5 (2) JSHlow ) L oddoduies puiS slaail> B. bassiana

ook 9§ Sl s ilooui; 5 5319 54t

s b b casS 39 odalcunts slacaS Slooks o> p b Cutin Sk 4y (6,0,L5) 31wy yolateds
a8 syl B. bassiana Z1 z,B 5)50 ;3 ol (8,518 wamulwds > Hles slod 3 5 bglbe SIb gy calises
Jopd Voo e cled a0 SIU jogs oy 9 SIB g (slacuwd plad jo dian Cuiin 1w by gasS Sloossj sy
b gasS Sloods; dopd SIU gy e !5l L M. anisopliae |5l 2,6 3550 ;5 dol (¥ Jsin) Cunlosislass
cdb Llas asy YY/Fe 4 aV/Y I M. anisopliae var acridum 5 )ley z,6

)bl atie el ey I j3g b ssboglsie M. anisopliae (5l )8 lagasS Sleossj duopd (Hlro il ol £) (1 Sko ¥ Joo

Talc (%) Percentage of viability
0 72.40 +0.80¢
10 89.00 + 0.35°
30 93.40 +0.25°
50 95.60 +£ 0.19°

.(p<'/'& oSl 09“’).1) Byl s gime OMS] d)l.ej Al glite gy b i SSlie

&

-
bsgs gl aul) Slpts Logases (o)Ll Sl S8 )5 luts Slen slag s Ul 4usiS slo b
Khashaveh et al., 2008; Mahdneshin et al., 2009; ) cuwl ssumwy Sl 4y g 48,5 )13 )y 590 alisio pudi>e
Slos Sadlllas (¢, T ade M. anisopliae g6 iSo,is @ll ggy (o3b; omiixe (Shams et al., 2011
Sitophilus zeamais (Motsch) (Coleoptera: lewg > g Glae 4 0ddd)ly @ylusd a8 Wb 5155 ¢ Jlojboay
B. sz B L ks I ,> Acanthoscelides obtectus (Say) (Coleoptera: Chrysomelidae) 5 Curculionidae)
B 28 cle 5 Jlyew (Rodrigues and Pratissoli,1990) cuwslasl il M. anisopliae 4 brongiartii
W3l L5 8 g (ol e 45 390 ol pls Allae > el S J S Jole o gy Z1 &lus B. bassiana 3, les
J(Sohrabi et al., 2019) cusl Juoy> Vo 39d5 S5 g5 poob pus Can cpw sbag)Y > alis pljl ol 095



IFo ¥ ol 6yl o1y G50 « (AT ot plogy 5 T 5 falpeg oS o i Y

5wy b adedlitul i O g 415958 by 5l mle pwest dm Jol Ao ye jd ils imgh
o)La.c 9 u;)f oo L')\?.Z.c L })KLMJ/}?).YM{.) MEYCES L').).)So)lw Cawlodds oalaiwl @Lc eSS :kb-).o d‘).g S dl}b]an.’x.o
[(Jaronski and Jackson, 2012) s ()9 po oS (sSes fcuwl b ol g g )15 9 5 Ol 5 muie (laisdy yosvo
8,5 )5 adllas 390 pio Ol p e oS e p> M. anisopliae ¢ B. bassiana jgu! AJg5 « 6,500 udios )
M. jl &las 45 5 B. bassiana (GHA-726, CA-603) ;| wlus 43 (sl joml Sleoss; g 5,Sles (Kassa et al., 2008)
ol Guios Ao b st s Ol g Sike (Al ye 93 wiwaw p> WJg5 5| @nisopliae (CA-1, IMI 330189)
b dgbedlitu] @l pin )5 lew (slag ) jomsl W (sl Sgo yoba Blg5 o i Ol &5 bl o) Ken g Lol aslllas
S s ysots 85 1 T 5 g e ol Bl @8 i 5 cov pas B s Mg 3,Slas Jlocyl
Sledale p5YL ol Gimgd 50 wlel ol (Kassa et al., 2008) selcwy clalée 3V 0 (6 yida Homl
bodlaiwl s

OhlSer g S 5uiod ) oddbuder jomol Dl Blis alie jamol 033L <yl aslllas )d sddbca o bl Cod
odliznl Sl pins (5 loaw (slag, BB ogsl Mg (clp M)y lgieds B3 o i O Laelewy (Kassa et al., 2008)
Syl SB 69y 365 lgicay g aiiS wodlil ply STygd (¢l o oyl bawgs 0aiadgi pio O 5l (65l aSl > 4
oo g Ao > VY gn s O 585Y im0 o p> VY L;).o.» O lgime 5 Cuwl oy il (g pdlie g Jdxe dlge
xe Moo 5 piigy olped & A8 SYL e cpdly Jdoas (oplpli (Zall, 1992) conl jopd Cuid 395 Sdxe lge
oL pols Baiod auldio )00 gy ) WDgdguste Olyis (S lon sz B el (gly awlio cuiS lae Wilgy o
Bena-Molaei ) ol cuslio B. bassiana g,8 cla ygmogiwMs 095l g (sl pi O (gols cuisS Lasmo 48 Aibodl>
(etal., 2015
Cal w5 pAS g g Al 1y 033 o i JI5 sxe ciglas g0 @CTidum &l M. anisopliae )3\l 7,68
b &S sl sl jolazs 398 4 1) (oasS Wi oy Z1 Llas B. bassiana 8 )ley 7,8 jogas > puS
5 Tl 3 595 VF 3l g g 292 pAS ogaas s 1518 g sluliz dblii ]y a8 aseta jbos laialojl plos]
il 5 S S gl bdgls ol (9,558 & sal0d ) GadlglS Sy @) g0 0 alisssS 9 )
sacridum a ls M. anisopliae |5l 2,6 WJg sl g0 G (cplply g Sao juf 5 5ladd Hlaws )5 b guus
Mg5 sl amolio yinn g6y 3,0 48wl ) lise bedlitwl Z1 &las B. bassiana |3l z,B Mg lp pa5 54
b (Roshandel et al., 2016) wsudgs pAiS wge yiam 53 (465 oy yieS 9 Cawladgy M. anisopliae gz B guus
b aole pro5s Al yo Coon) dllas ol 48 ol Soglitio pbls 5io0 2ol b Mol piS oges s 390 ) bl uios
Yo 55 2R A paS g S Jloyd amd o Ui 295 4 M. anisopliae casS W gl |y i Ol oolil
C)L% ‘_g.L..f .)...]93 5 |) U] u.:‘)lf PP Yo Ay UT (_)')9)5‘ 9 d¢ B. bassiana Olﬁ LgJ.MS .\.Jy ‘_gl).s L;.wL..o
b Job (ol @l (Jg 29 glite pils o L) ()

5 ol clbcus bise 5l ooliwl b 2Kkl Lbylys > M. anisopliae [3 )l gz, sgsl dlgi o3 aiios )
O €8 5 g pAS (D @iy Aile ol i 45 ,ka ¢ (Soundarapandian and Chandra, 2007) )y tel>
PUS Lpogrs 5 4By gy w93 pls dalllas ;3 o oy dolunss puiS i (59, (liagel (b Adoslitl
B 3o b (p)lb) Cglite o8y adodlitul pol iod )3 & (20 cldl g )8 cnl 2ligml sl g i
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2 @B ogsl (o (sl dlewg oy (St adusS ldIS Giod ) dgoddaisy g)B L gdls jl S 5 cutly
(Soundarapandian and Chandra, 2007) siesls jasuis (s, Bg,ls g o)) dile (gladtins Bg,ls b auslis

2w (6555l Y guame | oolatwl b B. bassiana 3 lew g, 058l g g9y s b o) Ken ¢ el
255k Sles 6 (sS Wg sln ly b o csbie o 55 Sl S (gl debamgle (sl o 53 g,
A3 5] e caw Jolis LS clalie mle dls o ol (Latifian et al., 2013) 15,5 5 x0 dal> 5 wlo >y
) 2590 p55 50 5 53] @t 2 <3 S ol (LS dge dol Al e (gl g S Mo 9 )3 0] iy o)
Jdods 0y 5 S oo bjlas «olpd > 28,58 a0yl clale b mlo dls o 3 Slos (sla iy duslio .cd)5)1,8
Sad obl B. bassiana gla gauS g jamwl 1o g (gl i gy (oolaidl 5 Slas g udgr yiSlas
Ge 53 oel sy iz Sl 4 dolcussy (aolx Lame) 5 g3 45) 53 9 Jl 4y )3 paiS ogees 5 (@le o) 1ot
Slols & bgiye Ll oo 39 oosnliie clie (gl yiw 13 S Mg Gl 55 &5 alaeglds cunl il s 3
)y -(Dangar et al., 1991) sad o Lilidl 1) b 2,1yl agi g by a8 sl cutlS lasre (3 (Sdxe dlge ¢ 35615
B ply e Loy (oo 85lo) (ol )3 29290 yuud g lpdangy S lime &S Culosld)lits pAIS g (2o (5o
S (9 3y 905 Jdvay (S5ud Blod I e jlas 4 ¢ picnen L(Javed et al., 2012; Curti et al., 2013) ¢l
Lol 00 FJ.S Y Y g v dm J‘}o )‘ C)l.% :L.‘.QH ol cel 9 009 Yl Yl L’ C)ls U»Lo.a &sz PP

dgus pgme Bl bassiana sgul cuiS (gly cwlio b lais 4 pB iy &S b il ansiS glayiagl
095l Wo slp Jlons) ale pgS gm0 a8 canl s )35 (Ibrahim and Low, 1993; Sharma et al., 2002)
Oy poS e « Lecanicillium lecaniis, o ,> .(Gopalakrishnan et al., 1999) c..| Paecilomyces farinosus
a5 5 odelCunddy ol wlel a5 Jbys (Lakshmi et al. 2001) cusloss a3lis 09l g (ly oy ale
D95 Cuslio (o) p3)90 (sladili 095l Mg g hy9 (sl oS y9m pol>

alise (sl s (59, 0AdA)es B. bassiana o M. anisopliae |5l z,)B sba cussS Slolsj dojyd aldl )
Yo 3570 sy plod jl odalcundy (gla gaS Sleoss oo M. @Nisopliae 50 53 45 sl i gl bduwloxe Lols
i) g 0o )3 Voo g i 150 by i plod jl odel sty sla g0 Sleosj ol ue B. bassiana »ge 45 9 po5 gm
Fot S9) (ppeS g My yian 69y P dreyehar j5de Solew )b (Siwler cnyid o5 Wablis oSens 4
Dy ol v alie pgS yow 3,90 , &5 (Latifian et al., 2013) selcuwss poS gm0

S sS4 Jboy3 0,5 Sid gy poo Lo Lo L2alS sy e oo |, BEAUVETTASPP. (sla ssiS ¢ 1S ) sboas
B. 0SSuts o e g Loy 3l casllas S5 45 ((Hong et al., 2000) 1,0 5k (s b loj Ste 4 oy iuykio
Gilisco (clalod b cov baeanS Sleods; @SS ygmpl 4 (L €t al., 2008) cuslors )y s 4 bassiana
il eaiS Slookss 68l wamliodn 1 YO (clod 13 casles gy 108,818 s s gl o g 93,5 St
B. bassiana ,5 lew z)B jales 2o p e 650 (TAE Y OC) Lo (slod jg, V) &8 b3 liss 55 pbls i
Sl ials g lide M. anisopliae syge j> @S Jbs p> .cuisls

Jaronski and ) cool o Mgl 51 L8 Z05-0Y dgy Cugby «Spgn s sl 4 Canl o3l LS asiS Clidss
yols suing )3 S by (Prakash et al., 2008) selcwssas Z¥ 7YY Collas cogb) o, (¢l J(Jackson, 2012
b Ao Cusb) zolaw L gz )l I L Wl SO Ay gl Addwl=e B bassiana $ s g6 Wy sly

S)10393 9 ©olds naglis o e cpl 5l 5 3945 s yiulo]
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N sxSsle ol «SIU 39 (39381 (o0 cnl 3 (onn 290 oo S )Ll plej we jogad 5
Oliwe Ll b g M aits Cuds e > ACKidUm « L= M. anisopliae (3l z,6 Slossj e Las ials
Splil Slooks o (st Collad &84S el Wb W95 G SSS (il cBL il )8 (Sleosss « S g
SIB a9y 199380 &S syl psls sados (WYsS et al., 2001) 29 olaas (gLl SYobs 0y9d & (o (6,55
ook Laas cel Ll o B. bassiana Z1 Llas 3)50 )3 0394 sgm I3l sl ol Cogby LIl G lain
g o gaS

Asag 50 B bassiana 3 M. anisopliae )3 jles (slaz,B L oddodsds cus b paiS 5 o sladils I g lade
A3y ly owlie yius daze Slwypl 5| e M. anisopliae L B. bassiana lewg oddessgls g oaisSis sladils
Kirchmair et ) 15,5 )18 S )5 jlod (K875l <6 b cusls cpuile lawgs aasly cpl sgaialsd olf sl g daxe
Solew sz, B sba oS 5l oo yglS dewg s o (SKiNNer et al., 2012) bolsw Jlkel S o L (al., 2007
Do oo doul Bua o b oK jd Ol s

ol abex 5l o)j Glals B &) (509 i S le lagyB (esiae il lp it (los sla s,
Wlo Jol 4 ()8 Llo 3,5 (S J Gomiliwgw 3 aih ulud Sy o) S 5 Sgrilwgw
Cosloss Galejl (5085l Ggpuilpsges b SB35 b 5 S 5l Ggmilioge > J adyy 095 p5ebst
Oliee olS o950 (5501900 Glpds )T jlew slag BB lain alis 95 opl dsdcul &5 Jyee ,> (Bagheri et al., 2021)
s ol S wlg o SB 3 lag )l opl b sddossde piiS g g5 slaaily jl edlitul g AJg5 S oo 5iglS |,

Lalgiin 9 (g 5 a0

53 wddodlitnl clile b ple yuess dlsyo 13y Of jl ookl b (glals o 93 g, a5 3 oLis pols ubss gl
A5 2ol g A je > bz 53 10 (605 i Mg 4y e g 092 SrelCulige Slpds Sl @B Ll 93 50350
alpds )3,kw LY S 0sdl Ao el Sb gl (sl condonl T Sy ol b ldlsye 93 hgy oy
i)y il alo Agi ey mlo pwess )] adgl dls o g conl (lals yo g3 dols an eSS o 5el,S Cuslossplo]
)5 loj el V¥ & jiww amwljislS £90d 9 JolS Sidles (gl lasaus (Jaronski, 2023) cul s,
el @lo jpest dlojo Sy (onlpogile 2950 958 Lol (lopgalune 5 bajpgiodl) @lo juess o Jioy
2y SS el YAy Y Sob Bl il Dlo 1y S ol K (o0l lieeds Lo ganS b awslio o |y pudls
a)lfua)jb‘ wbasS 8L Sl @ Gy glp sl i doge Gl Gae il Ll clale il i e
[(Jaronski, 2023)

dglio g (5,58 Sluls g OME (glaails iy O (iow 090l 15 Al B (glodinge gz 3 b o] Sldlles
RV TP o &8 bdn i picren g Oluds S lan oz, ogul Mg 29390 SIST L C)—l My e
0B 4 b ye Sluls 93,5 iy Cavgy Jolds Wl o Sluls cpl Wgd iulosl lpis 5 low sz )l ogul Wlg
395 codlggdus « 54850yl )3 (glals yogd B9y 9 2elyS 4 dngi b il e IS g olS g dugy g csdexa IS
2 ke e S L9505 095 g0 gy ol b g it g0 BT S (gl o Sl S len slag )6l
s ysld jl ekl b bl ool puS ugus (ogasy CulS sl i jl lagaiS gjlulir dag)l ogil W55 (oguas

'~ Endophytic entomopathogenic fungi
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el 6)59l> LU Sedadle g L;>|).L> ¢ yB Lg\)g uoB Slagas b Jluses B Lg[m)S\:J 9 ) (& il
D pS G yguo Cbld p oy pd oy oS 48,

S il
ol b (315 0131 )8 o « YV V/ ST gy 300,148 0laus 4y Lilo )lS" puslS 8 3 b gy b LB 40 Baiow oy

&bo

2 el (b sodlo 8 Jily gy (VWAY) Jije (J3Sh 315 5 e (spSs 1o (sl (2B ey Yo

swlidouin ezl 40U Beauveria bassiana (Ascomycota, Cordycipitaceae) «olyis )3 )low 7,8 (gausS g
NO=Y (V)Y ol

Metarhizium anisopliae o Beauveria bassiana <l uis (3l 2,6 93 355 .(WWAF) Lo ¢ sl oMb 4 plé pb o o

NANY (N ol sl syl 5 T Sl [ - rbo Slge 9y 52 sl o g ST
5, 4éud (g9, Metarhizium anisopliae (Metchnikoff) z,8 (Suiis gl wyp (Vo) (Sl o g (Slopms o] (Slos,
Ao £ yloyS il dapad oSl ( S jolS iy )l w8 4l Ll Tribolium castaneum (Herbst)

CuiS luse din jl ooltwl Juwsly owyp (IYAA) Slo ( J5eS 5 pel8 ( S alas o) (ol oMb faus ye il
. Beauveria bassiana 4 Metarhizium anisopliae <lyis Sl 2,8 50 (sloysmosiod Mg slp pl b

Swew (59, Metarhizium anisopliae (Metschinkoff) g6 Suis gl ), (VWAR) . (Sl p gl Slgyud ey o ob
oSy ¢ S polS yisw byl w8 4ebi5LL . Callosobruchus maculatus (Fabricius) cles sl >

dorao DA ylo S sl A
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