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Effect of bean plant treatment with Trichoderma harzianum TR6 on the biology of bean aphid
Aphis fabae
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Abstract

Trichoderma species are important biocontrol agents of plant pathogens. However, potential of Trichoderma species in
insect pest management, remain poorly understood. In this study, the effect of T. harzianum TR6 on the life table
parameters of black bean aphid, Aphis fabae, was evaluated under glasshouse conditions and compared to control. The Vicia
faba and black bean aphid were reared in a growth chamber at 25 + 2 °C, %50 + 5 RH and a photoperiod of 14 L : 10 D
hours. Then, five ml of fungal spore suspension (with concentration of 1 x 10° mIt) was added into the rhizosphere soil of
sown mugs using a sterile syringe. The results obtained in this study revealed that T. harzianum significantly affected the
biological properties of black bean aphid in comparison with the control. Treatment with T. harzianum resulted in the
highest developmental time (20.36 days) and the lowest fertility rate in black bean aphid. There was significant differences
in terms of inherent rate of population increase (P<0.5) compared to the control. The highest rate was occurred in control
treatment (0.42 + 0.01 day™) and the lowest in treatment with T. harzianum (0.16 + 0.01 day™). The life expectancy of black
bean aphids, which were grown on T. harzianum treated soil, was significantly lower than the control. According to the
results, it can be concluded that treatment of faba bean plant with T. harzianum can be effective in reducing the population
of the aphids of the bean.
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Table 1. Life history traits (Mean + SE) of Aphis fabae reared on treated bean plant by Trichoderma harzianum TR6 and
control.
treatment Development time Adult longevity Total developmental time
(day) (day) (day)
Control 5.36 £0.07 ° 13.49+0.182 18.09+0.16 °
Trichoderma harzianum 8.36 +0.17 2 11.76 £0.15° 20.36 £ 0.20 2

The means followed by different letters in the columns, are significantly different based on paired bootstraps (100 000

bootstraps P < 0.05).
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Table 2. Reproduction parameters (Mean + SE) of Aphis fabae reared on treated bean plant by Trichoderma harzianum

TR6 and control.

treatment TPOP APOP offspring per day
Control 6.91+0.07 ° 0.28+0.04 " 14.01+£0.08 2
Trichoderma harzianum 12.39+0.15° 0.63+£0.06° 6.89 +0.15°"

The means followed by different letters in the columns, are significantly different based on paired bootstraps (100 000

bootstraps P < 0.05).
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Table 3. Life table parameters (Mean + SE) of Aphis fabae reared on treated bean plant by Trichoderma harzianum TR6

and control.

Parameter Trichoderma harzianum Control
GRR 21.94 + 0.03° 73.62 £ 0.06?
T 16.68 + 0.12° 9.91 + 0.14
Ro 17.82 £ 0.02° 69.68 + 0.062
r 0.17 £ 0.01° 0.42 +0.01°
A 1.19 + 0.01° 1.53 +0.022

The means followed by different letters in the rows are significantly different based on paired bootstraps (100 000

bootstraps P < 0.05).
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Figure 1. The life expectancy (ey) of Aphis fabae reared on treated and untreated bean plant by Trichoderma harzianum
TR6.
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Figure 2. Age-stage reproductive value (vyj) of Aphis fabae reared on treated and untreated bean plant by Trichoderma
harzianum TR6.



\e VFer (D) als [ (S 5alS 50 (60 9,5 s gy

10900 0 000000
o
o o Control
0.8 ’
—o— Nymph
3 O Female
)
N— 06 .
&
©
S
T
2
S 04
—
>
7]
0.2 -
0.0
0 5 10 15 20 25
Age (days)
1.0 9-0-0-0-90-90-0-0-9
T. harzianum
0.0-0
0.8 - : °
° —8— Nymph
~ o O Female
N y
¥
~— 0.6 A
o]
©
S
©
2
S 04
—
>
N
0.2 -
0.0 T

30

Age (days)

Trichoderma harzianum & )8 b oo, leus ML oLS g el Bl olS (gg, 4zl 5,9, ML ol als glal 1o = s 059 Slooasy &5 ¥ S

.TR6



N

B L OBL ol Hlod piU [y 0 g (omliae

Figure 3. Age-stage survival rate (Sy) of Aphis fabae reared on treated and untreated bean plant by Trichoderma harzianum
maternity (lxnx) of Aphis fabae reared on treated and untreated bean plant by Trichoderma harzianum.
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the total population (mx) and age-specific.

BRI TP VUG WP SUSWOITERN 1 JVE S WL SO R P
5 3580 Jd 51 SlapuilS)lg See 2929 1 yo ol S glio
Kessler & ) ail azils Jlg>olS (g5, st 5l Wilgs oo yal (ol
5 4 aS ls o Sl cwglie oLl (Baldwin 2002
u,....a.a S| w.u) Ja.oua ‘5;....‘0 (_SLDU...L'U .)P )| oolawl
Sbee ool yo csly salgs Sl 2ol Cupae ol sege
auS oo bl ) ol caglin a5 o bbpuaslS g S el
ol wls lis b pw,p mls 4l el coenl >
4 Wog odd Lo P. fluorescens of;S1> 6 2SLL oS g ,L>
oy3 2R 5 (Seym 090 Jsb SRl e gl g 9k
Geozo 4o (Fahimi et al. 2014) wos A gossypii as 5

Azl )0 ML ol 4l (gul) 0)90 Job Ll o ol
LoyosSa s @B kol jles DL oS (55, Slyi cnl 5590
P. gladioli 55U 31 Y-V Jlo j0 (pdbme .0b cdnlie
&S5l i (59, |, (Zopf 1885) Yabuuchi et al. 1993
mls s, S o, Daktulosphaira vitifoliae (Fitch) ge
2ol als Gl (6 5Ll b onds jlewd 9o > y0 0l LS
ol38l (Adams et al. 2007) ol g0 (glmSold all Corax
e Jolse Sl ans jo alieys RalS g L g 923 0)90 Jsbo
SRrailE g, Lo jlos LS cars oo lis a5 ol
IRCCOR ROt B g eolin oldé s oS>
od> 5o Wl gl xSL wsl 38 T. harzianum g )8
Shoresh et al. ) wiS o S5 oS 4 S gy,
Cewl ool col ol 0gde .(2010; Harman et al. 2004
5 gl ool o s L olSE slaewslS,lg S
Rlr s olS Sglie 4 e ((Sojglanred ) olS o
;o -(Pineda et al. 2010) 055 oo 155 laws Jolse 5 )lylg>0lS
2 dele it Olie @ oy Gl (18 25 5l Gleety ol
plod 1y s oolawl wals b LoyosSs i )8 o auglas
ool 7y el el jo Jie adgi g o i 4 bogy pe Sled!
Qilgd oo (goga U al, molidl SIS F 5 cplaly Lol oal
)bL’ ol AL Couro uwlS > |) Lo)éjga).: C)L‘B 6)‘535)».:L:

S o~ s 005 (Slookij

Se sl Jliml (s Sy slale e - (i oy (Sleoss;
ool il oy oale e 50 g X e B ooad alildS o5
loylocs b ML ol S 5l apdas o MWL ol axds (gl Azl 3
Ty sle gone el oals ools Ll Vsl S0 jo aliss
o Ml oS (o9, 4l b9y cclodids a5 ols Lt Sleos;
0)55 5l bl LS ol 5yl 658 leoni; gl b oads
ol St e g S oy g oS lyie oliyS (S
o9 $mb 9 b (g oy (Sleois g5l Eob 5l A
= 059 sk 5 M (s ong Solly T (slal> e —
Ol ¥ USS o dilise glaylass 5l 00,8 4355 (glaazs iy
T 05 oo odmlin ¥ SS o aS jeblen ccol ool cols
@ azg b Gz g wald Jled 5l Sae W gy pelS
RG4S 25 ge asuie ML ol 4z (5)5laly (peie
ol oolidl slast sals ey olio,9 oliee

Al 59 o)lgen Comaz mpw ad) Clo 4 et 5z SUI
L sl ol o ol JysS 5 wisd oo pslie (258l poons
Wlgios ool Gh9) o (Nl plply el ol pen (S
Sy Sl e 5 S J7uS 1) bl Gl Conez oo
“petle S 3l Gla e o 0ol plard pyens lare
loars ade Cosglio Ul ppo Jelse olsie 4 o5 o
ety LyosSey gl il b alaly o Ll wilonds L3055
5o Sladed cwl 48, Ojse Lhgh ML olew Al o
dos Sk odas jsb 4 515 lapanils g e 130 L alasl
Cuglio Gl @ e Lo & Jolse cpl a5 cwl ools oyl
) e il el wighe e A > olelS
Caglio JS)sb 4 wi)s el whas by e olls
ssb g desge oS 1) OlalS CudS Liie g5 0 L (S
OLLS L aS 1) gloasy Dlogzge L) olS (iSa  oditane yul
A3 oo i |y b Hleds g GBI aule s bl )l o
T 5 s Cael Wlgi o peniSo (] (D VoOs et al. 2005)
oolss ail oS ot lieaJs Coddss 5 o,Slac



Y

B L OBL ol Hlod piU [y 0 g (omliae

Gloasy Llogzge y prkive il jobo 4 LojogSs 5 jlend Lo
Sl b o 5 GBI asle wiies bLs | s ol L as
Oimli8l 4 e LoyosSs 5 (De Vos et al. 2005) el 138
gl (ygay50 sl Selalo el SSgenl> i
ssbe oS gl Shedle Jite 5 gl Sy
ol omali8l sl las soby aslie (Fiorentino et al. 2018)
g 38 e gz 5 et Sl Wlgi oo QLS )0 alerdign olge
(Lotfi et al. 2014) ol HlezolS ol i Lioadss Coibge
St Slpamial B a5 0 ool (i3 55 5ok ol 3 ailiz
2B L ossd o GlalS L6 cov b e wy
Sy saziulp 4 bgpe polie a8 S 18 LeyosSy s
oo 425 (S35 chlise e sloi 5 55 090 Jobo wils
LoyosS 5 B L oads jlows (6 DBL oLS 31 4y dss asecs jo DL
maziwl B e .l (gl cae Gialidl sals b alie (o
sals b alie 5 ()6 Sl 4 by e wy slo
mo ole a5 0l vgzg gamled ol Hlas 1 gyl cae ralS
3529 b ol glas 0 15 0 olandgn b e el wiS
azsS ol Jlod Jle plyie r wgdoe b LoyosSh i 7,8
SSgemlr adg 4 olS oo b LopogSo s z,B L (S8
@l Cwglie ol s pud Jld a4 e ol
Jé gl o lS s (Systemic Acquired Resistance)
Sl SSgenla slaeSlse @oa Gl e (nl G08
5 95l 5 g0 s OBl ade olS it e £S04 o)ls
Kessler & ) asly axils Jlg>olS (55, stin 5l lgs oo ol (ol
Sdgeml> lgle b o )5 asili> (Baldwin 2002
GOomes ) wials (IS coge il ade IS oL Cooglin cely apl
gy G3ay9n b puiS olS ildslne cpnizean (et al. 2005
I, Sitobion avanea F. cél 4 Cuoglio wilg o sl G539
Lo ,065G 5 a5 Jl> ;o .(Cao et al. 2014) oS @l pusS ol o
| ] Sy 95l (90,0 5 o] Sedgoilr 2o o
i Wlos,S Sl gl mlie S o Juges oL o
2 G5B Gl g e W 31 s a8 sl Sl
P Slas o 5 BT iy 5 LS 5l 05 e a5 LS
(Mahmoud 2013) wuS oo cladlos
Oses92 Sl et plxl 221 GlaJlo p3 a5 ctagh o
Ol Slosd i) (qusy s 45 (59 |y Sl Sy sl

Gt ol Sleodiy (53 oote boadlss ams olis
SBEP r b 3ds Gl 5 503 5 585 0550 Jsb (e
LoolS cnlie 43s5 ot 05 36 Conen 0l (1
% (=13 alewy G lgie 4 Wl o (i y SlaogS 5l ooliul
L leard (5,9l j2elS el g oS Jos lgzolS ol i Llie
Legrand & Barbosa ) sgi gyl sles § g5 Do Jobo il
Cgme ol (6l slds lie (n e 5 039545 (2000
ol W5 carge Gigr Olglp polie Sexs 09d o
555 5 land gk Gralil 5 0sdse laad 5L 050 Al
Alasvand Zarasvand et ) ol o5g,50 ypdas polie cdl o
Loy3sSs 5 45 45 el o 53 alie 5 6 ke o (@l. 2010
3550 obS 55 035 g S 5 sl 3l ol5T e
59y Py gile oyl axcs o (Battaglia et al. 2013)
2 AT 05 oo Sygo AT LAl Gy 0 yaie Gl gesd
WS o axlge JSie b s adgi b abaily jo 1 0yl 4
Coroz U8 S50 45 a5 el iy age (GU et al. 2013)
YL 5 el e asi 25 alS el Coanl il baass
9 2L Glapusilio b ablio 4y e il Comex Jio 0y
;o (Medeiros et al. 2000) 05 o0 LS 5 in Ol
Senglie 5 Cpnezr RS 4 i e oy g5 el A
sl bt Sl ) 5l ol mls s aalss M ol avs
iy b Gedos cpl 5l odel Caws 4 sladasinl b asals a5
o9 Bl () oS 9l L oakal, s alie sl
239 b LoyosSe 5 3,Skae 5 Canle w51 510 Gl CagaS
(Omrani-Dizaji 2012) ol &glate CawganS
Slr eSS a4 sl g Sleoss; £ (s 2
oLS (g5, a8l ygp MWl ol ad JolS i 5 ooy
b oo slow LS wi Jols LoyssSe s 2, b oad Lo
) lodsid 4l p (s3lge doaid apdis & gl ;0 LojosSy 5 )6
oo Dbl Gl Jro adgi g L falS @y jamie oS wiiS (oo 0y
b 4 LysSh s gz, .(Coppola et al. 2017) wgd
ol odle (Shoresh et al. 2010) s9i oo LS ol Sgups
A5 5 elS a5 agil Slacadglio ;o st Cowl oud il
Jolse 5 OhloolS pln 5o ol Gglie 4 poie (o5l
olS cuas s 055 (Pineda et al. 2010) 598 o 155 Lo



¥

Voo ()Y wder [ (K5 lS 50 (6930, s g 3y

ol L(Alizadeh et al. 2013) o05d o el Sdganl
whizr g8 b alS el oS il s ol Sl
ade lalS cuwglio Wl wlisk;l sl T. harzianum TR6
Sipgh el 5l ednl Cews 4 sladsinl B 4 axgr Lok ST
ass C)LQ Looads Hlewd ML olS a5 cd,5 ams ulﬁ"s"
)9.|a O ..\.wla d.s‘ykso ){Sl.a oL:.w AL Coxos Uw.(blf L;‘)" @P
4o olS Sl gls S e lapunilSlg o 5l colazul S
Sbli> )o ogllae o pal) S Gy 4 oS Lo g Dy il
S baazmo p (i Sl AT g 1) 358 o0 guine (lalS
Gl 1 oS Bt 51 (SO oyl plasl cudls
A3 youi> 5 ML slacaiS oo BT 51 MBL ol ats a5yl
Coglin b olied 9 g)lods @ ol Camenx S g ol
Sladoy o)l dw) opl jo Bedsd Cowenl 5l lis oS o
maz Wl oo pberdsn 5 (Jege Dliniod ae )0 S e
@S S50 el 35l ) 1) (LW Ceglia g sl
bse 6ln Ol Osn s b Glagts, GBS 5 o

b ansly id BT Co pas gl Gladl § Ca

References

u..&ls o ra;.\j OLS ) S LS)L.JT la o‘).a& OFH$®
Akladious ) ws 5 e ad  Jio adgi g sud, slvasnl 3
Gz 5o ML olew atd tew) gbraseal s als (2012
by dl Sopigr shally (30,90 S @l » Belate >
G bals ooz 8 L Lo Oladss cul 00,5 Jled
amdye loogeyse g S il Cote Olb 4 ey
Sl g 50 ol als s oLl iy assl ol LS
Wl JyuS 5o (LS slagygeys g LS Sote SIS iy
olS o 1) olge cpl iy b Wog mbie 8L Jlis 4y boans
T. ale L akl, o (Gomes et al. 2005) wS S o
s iogh ob b Ls awgy, 5l a5 harzianum TR6.
03 Ol o ool 0ud ploxil (JoSge g (oloandign (LeeSS
-Yo V-Lo 2o slays as ol Lus Real time QPCR g, b
Lot el o 5o sl VT b 5 Suns LSSl
b ialidl el js ik eole] > 4 TRE alas Lo yssS, 3
5 o] Seliwdls @y abaily Cosglin Sl el Jolgs oyl

Adams P, De-Leij FAAM, Lynch JM, 2007. Trichoderma harzianum Rifai 1295-22 mediates growth promotion of crack
willow (Salix fragilis) saplings in both clean and metal-contaminated soil. Microbiol Ecology 54 (2): 306-313.

Alasvand Zarasvand A, Allahyari H, Afyoni Mobarake D, Sabori AR, Zarghami S, et al., 2010. The effect of nitrogen
fertilization on biology and intrinsic rate of increase of Schizaphis graminum R. (Hom.: Aphididae). Plant Protection

32 (2): 6774 (In Persian with English abstract).

Alizadeh H, Behboudi B, Ahmadzadeh M, Javan-Nikkhah M, Zamioudis Ch, et al., 2013. Induced systemic resistance in
cucumber and Arabidopsis thaliana by the combination of Trichoderma harzianum Tr6 and Pseudomonas sp. Ps14.

Biological Control 65: 14-23.

Akladious S, 2012. Influence of different soaking times with selenium on growth, metabolic activities of wheat
seedlings under low temperature stress. African Journal of Biotechnology 11 (82): 14792-14804.

Amir-Maafi M, Chi H, 2006. Demography of Habrobracon hebetor (Hymenoptera: Braconidae) on two pyralid hosts
(Lepidoptera: Pyralidae). Annals of the Entomological Society of America 99 (1): 84-90.

Battaglia D, Bossi S, Cascone P, Digilio MC, Prieto JD, et al., 2013. Tomato below ground-above ground interactions:
Trichoderma longibrachiatum affects the performance of Macrosiphum euphorbiae and its natural antagonists.

Molecular Plant—Microbe Interactions 26: 1249-1256.

Biswas C, Dey P, Satpathy S, Satya P, Mahapatra B, 2013. Endophytic colonization of white jute (Corchorus
capsularis) plants by different Beauveria bassiana strains for managing stem weevil (Apion corchori).

Phytoparasitica 41: 17-21.

Boughton AJ, Hoover K, Felton GW, 2017. Impact of chemical elicitor applications on greenhouse tomato plants and
population growth of the green peach aphid, Myzus persicae. Entomology Experimental Applied 120 (3): 175-188.



N B UYL oL Jla G [ o)y K0 o sonlic

Cao H, Zhang H, Zhao Y, Zhang X, Wang X, et al., 2014. Descephering the mechanism of B-aminobytyric acid induced
resistance in waet to the grain aphid sitobion avenae. PloS one. 9: €91768.

Chi H, Liu H, 1985. Two new methods for the study of insect population ecology. Bulletin of Institute of Zoology 24:
225-240.

Coppola M, Cascone P, Chiusono ML, Colantuono Ch, Lorito M, et al., 2017. Trichoderma harzianum enhance tomato
indirect defense against aphids. Insect science 24 (6):1025-1033.

De Vos M, Van Oosten VR, Van Poecke RMP, Van Pelt JA, Pozo MJ, et al., 2005. Signal signature and transcriptome
changes of Arabidopsis during pathogen and insect attack. Molecular Plant Microbe Interact 18: 923-937.

Fahimi A, Ashouria A, Ahmadzadeha M, Naveha VH, Asgharzadehb A, et al., 2014. Effect of PGPR on population
growth parameters of cotton aphid. Archives of Phytopathology and Plant Protection 47(11): 1274-1285.

Felton GW, Bi LJ, Summers CB, Mueller AJ, Duffey SS, 1994. Potential role of lipoxygenases in defense against insect
herbivory. Journal of Chemistry Ecology 20: 651-666.

Fiorentino N, Ventorino V, Woo SL, Pepe O, De Rosa A, et al., 2018. Trichoderma-based biostimulants modulate
rhizosphere microbial populations and improve N uptake efficiency, yield, and nutritional quality of leafy vegetables.
Front Plant Science 9: 1-15.

Friedl MA, Druzhinina 1S, 2012. Taxon-specific metagenomics of Trichoderma reveals a narrow community of
opportunistic species that regulate each other's development. Microbiology 158 (1): 69-83.

Greenfield M, Gomez-Jiménez M, Ortiz V, Vega E, Kramer M, et al., 2016. Beauveria bassiana and Metarhizium
anisopliae endophytically colonize cassava roots following soil drench inoculation. Biological Control 95: 40-48.

Gomes FB. Moraes C, Santos C, Goussain M, 2005. Resistance induction in wheat plants by silican and aphids. Science
Agriculture. 2: 651-666.

Goszezyniski W, Cichocka E, Leszczynski B, 2002. Beet root damage due to the black bean aphid (Aphis fabae Scopli)
infestation. Horticulture 5 (2): 51-57.

Gu S-H, Wu K-M, Guo Y-Y, 2013. Identification and expression profiling of odorant binding proteins and
chemosensory proteins between two wingless morphs and a winged morph of the cotton aphid Aphis gossypii
Glover. PLoS one 8: €73524.

Harman GE, Howell CR, Viterbo A, Chet I, Lorito M, 2004. Trichoderma species-opportunistic, avirulent plant
symbionts. Nature Reviews 2: 43-56.

Hasanshahi Gh, Abbasipour H, Jahan F, Askarianzadeh A, Karimi J, et al., 2016. Fumigant toxicity and nymph
production deterrence effect of three essential oils against two aphid species in the laboratory condition. Journal of
Essential Oil Bearing Plants 19 (3): 706 — 711.

Hatef H, Zehtab Salmasi S, Arzanlou M, 2020. Effect of some Trichoderma and mycorrhizal fungai species on growth
properties and grain yield of dill (Anethum graveolens L.) under greenhouse conditions. Agricutural Science and
Sustainable Production 30 (1): 191-209.

Jaber R, Araj E, 2017. Interactions among endophytic fungal entomopathogens the green peach aphid Myzus persicae
Sulzer (Homoptera: Aphididae), and the aphid endoparasitoid Aphidius colemani Viereck (Hymenoptera:
Braconidae). Biological Control 116: 53-61.

Kasaei Faradonbeh S, Hassanpou M, Razmjou J, Golizadeh A, Esmaeilpou B, 2015. Biological and population growth
parameters of the melon aphid, Aphis gossypii Glover on cucumber plants grown at different vermicompost: soil
ratios. Plant Pests Research 4 (4): 35-48 (In Persian with English abstract).

Khanjani M, 2004. Field Crop Pest in Iran. Bu-Ali Sina University Publication (In Persian with English Abstract).

Khoshmanzar E, Aliasgharzad N, Arzanlou M, Neyshabouri MR, khoshrou B, 2019. The effect of Trichoderma isolates
on tomato growth and nutrients uptake under water deficit stress. Agricutural Science and Sustainable Production.
29 (2): 107-120 (In Persian with English abstract).



\id 1Fer (D) als [ (S 5alS 50 (60 9,5 s gy

Kempster VN, Scott ES, Davies KA, 2002. Evidence for systemic, cross-resistance in white clover (Trifolium repens)
and annual medic (Medicago truncatula) induced by biological and chemical agents. Biocontrol Science of
Technology 12 (5): 615-623.

Kessler A, Baldwin IT, 2002. Plant responses to insect herbivory: the emerging molecular analysis. Annual Review of
Plant Biology 53: 299-328.

Legrand A, Barbosa P. 2000, Pea aphid (Hom: Aphididae) fecundity, rate of increase and within plant distribution
unaffected by plant morphology. Environmental Entomology 29: 978-993.

Lopez C, Sword A, 2015. The endophytic fungal entomopathogens Beauveria bassiana and Purpureocillium lilacinum
enhance the growth of cultivated cotton (Gossypium hirsutum) and negatively affect survival of the cotton bollworm
(Helicoverpa zea). Biological Control 89, 53-60.

Lotfi R, Dolati L, Shekari F, 2014. Effect of SA on rapeseed resistance induction against cabbage aphid in greenhouse.
11t Conference on Climate Change and Its Effect on Agriculture and Environmental, Urmia, Iran. P. 366.

Mahato S, Bhuju S, Shrestha J, 2018. Effect of Trichoderma viride as biofertilizer on growth and yield of wheat.
Malaysian Journal of Sustain Agriculture 2 (2): 1-5.

Mahmoud Mf, 2013. Induced plant resistance as a pest management tactic on piercing sucking insects of sesame crop.
Arthropods 2:137-149.

Medeiros RS, Ramalho FS, Lemos WP, Zanuncio JC, 2000. Age-dependent fecundity and life fertility tables for Podisus
nigrispinus (Dallas) (Het., Pentatomidae). Journal of Applied Entomology 124: 319-324.

Mojahed S, Razmjou J, Golizadeh A, Naseri B, 2013. Resistance of wheat cultivars and lines to Schizaphis graminum
(Hemiptera: Aphididae) under laboratory conditions. Applied Entomology Zoology 48 (1): 39-45.

Murphy JF, Zehnder GW, Schuster DJ, Sikora EJ, Polston E, et al., 2000. Plant growth-promoting rhizobacterial
mediated protection in tomato against Tomato mottle virus. Plant Diseases 84 (7): 779-784.

Narmani A, Arzanlou M, Babei Ahari A, 2017. Antagonistic effect of endophytic and commercial Trichoderma
isolateson Phaeoacremonium minimum, the causal agent of leaf stripe disease of grapevine. Journal of Applied
Research in Plant Protection 7 (1): 151-169 (In Persian with English abstract).

Narmani A, Arzanlou M, Babai-Ahari A, Mastari—Farahani H, 2019. Biological control of wheat fusarium head blight
using antagonistic strains of commercial and local Trichoderma, isolated from wheat plant rhizosphere. Journal of
Applied Research in Plant Protection 8 (2): 1-20 (In Persian with English abstract).

Omrani -Dizaji, A. 2012. The effect of vermicompost in tritrophic interactions of faba been, the black been aphid, Aphis
fabae Scopoli and the green lacewing, Chrysoperla carnea (Stephens). MSc. thesis, University of Mohaghegh
Ardabili (In Persian with English abstract).

Pineda A, Zheng SJ, Van Loon JJA, Pieterse CMJ, Dicke M. 2010. Helping plants to deal with insects: the role of
beneficial soil-borne microbes. Trends in Plant Science 15: 507-514.

Qayyum A, Wakil W, Arif J, Sahi T, Dunlap A, 2015. Infection of Helicoverpa armigera by endophytic Beauveria
bassiana colonizing tomato plants. Biological Control 90: 200-207.

Razmjou J, Vorburger C, Mohammadi M, Hassanpour M, 2012. Influence of vermicompost and cucumber cultivar on
population growth of Aphis gossypii Glover. Journal of Applied Entomology 136 (8): 561-640.

Russo L, Pelizza S, Cabello N, Stenglein A, Scorsetti C, 2015. Endophytic colonisation of tobacco, corn, wheat and
soybeans by the fungal entomopathogen Beauveria bassiana (Ascomycota, Hypocreales). Biocontrol Science
Technology 25: 475-480.

Salimi F, Alizadeh A, Mirzadi Gohari A, Javan-Nikkhah M, 2019. Endophytic fungus, Radulidium subulatum from
Phragmites australis in Iran. Mycologia Iranica 6 (1): 41-47.

Sarfraz M, Dosdall LM, Keddie BA, 2007. Resistance of some cultivated Brassicaceae to infestations by Plutella
xylostella (Lepidoptera: Plutellidae). Journal of Economic Entomology 100: 215-224.

Shoresh M, Harman GE, Mastouri F, 2010. Induced systemic resistance and plant responses to fungal biocontrol agents.
Annual Review of Phytopathology 48: 21-43.



W B UYL oL Jla G [ o)y K0 o sonlic

Southwood TRE, Henderson PA. 2000. Ecological Methods, Third edition, Blackwell Science. Oxford 561.pp.

Stout MJ, Thaler JS, Thomma BP, 2006. Plant mediated interactions between pathogenic microorganisms and
herbivorous arthropods. Annual Review of Entomology 51: 663— 689.

Tang J, Liu L, Huang X, Li Y, Chen Y, et al., 2020. Proteomic analysis of Trichoderma atroviride mycelia stressed by
organophosphate pesticide dichlorvos. Canadian Journal of Microbiology 56 (2): 121-127.

@ @ @ This is an open access article under the CC BY NC license (https://creativecommons.org/

licenses/by-nc/2.0/)


https://creativecommons.org/

