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Abstract

Background and Objective: Iranian forests are complex, dynamic, and multi-layered
ecosystems that play a fundamental role in conserving biodiversity, regulating climate and water
cycles, stabilizing soils, storing carbon, and supporting the livelihoods of local communities. The
persistence of these valuable ecosystems depends on effective management of key threats,
particularly forest pests. In this context, biological control is a sustainable, environmentally
compatible approach grounded in natural ecological processes and considered a suitable
alternative to chemical methods. By leveraging natural enemies of pests—such as predators,
parasitoids, entomopathogens, and other biological regulators—biological control aims to keep
pest populations below the threshold of economic or ecological damage. Despite multiple
benefits, the development and effective implementation of this strategy in Iranian forests face
substantial structural, environmental, technical, and managerial challenges. This study aims to
analyze the main challenges associated with developing and applying biological control for forest
pest management in Iran and to propose solutions to improve the effectiveness and long-term
sustainability of this approach within ecosystem-based forest management.

Methodology: This research uses a review-analytical approach, drawing on available scientific
literature and field-based experiences, to identify the key barriers to biological control
development in forest pest management in Iran and to outline strategies for strengthening its
implementation.

Results: At the most fundamental level, the intrinsic complexity of forest ecosystems and the risk
of disrupting ecological balance through the introduction of new agents represent a serious
concern. This issue is exacerbated by limited baseline information, including incomplete
databases of native natural enemies and insufficient studies on the biology and population
dynamics of these organisms. In parallel, several human activities—such as deforestation, habitat
degradation, excessive grazing, unsustainable harvesting practices, and understory cultivation
often accompanied by pesticide use—reduce populations of natural enemies and weaken the self-
regulating capacity of the ecosystem. Moreover, large-scale drivers such as climate change,
repeated droughts, reduced ground-layer flowering plant cover, and dust storms threaten the
stability of natural enemy populations. A key underlying point is that the most effective and
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durable line of defense against forest pests is natural biological control within the forest
ecosystem; therefore, any management strategy should first prioritize the identification and
protection of this self-regulating mechanism. Accordingly, overcoming the forthcoming technical
and operational constraints can lead to long-term sustainability only when actions are designed
and implemented in support of this fundamental principle. Beyond ecological challenges,
operational and structural barriers also play a decisive role. The absence of comprehensive
national guidelines for the release, monitoring, and evaluation of biological agents, institutional
fragmentation and coordination gaps, limited access to specialized infrastructure, and logistic
difficulties in extensive and rugged forest landscapes complicate biological control programs. In
addition, the relatively slow and gradual nature of biological control outcomes, compared with
chemical interventions, may reduce confidence among managers and stakeholders. Concerns
regarding potential unintended effects on non-target species constitute another important
challenge. Furthermore, limitations in the mass production and quality control of biological
agents, inadequate genetic resources, and lack of sustained financial and policy support
undermine long-term implementation of this approach.

Conclusion: Addressing these challenges requires a fundamental shift in management
perspectives and the adoption of an integrated, multi-horizon strategy that operates in both the
short and long term. Such a strategy includes maintaining and enhancing natural enemy
populations through habitat management; shifting from episodic interventions to ecosystem-
based management; expanding basic research to clarify the ecology of native agents; developing
standardized national protocols for releases and monitoring; securing sustained institutional and
financial support; and strengthening technical collaborations internationally to transfer
knowledge and technologies. Despite these obstacles, within Integrated Pest Management (IPM),
biological control is not merely an option but an indispensable requirement for maintaining long-
term stability, ecosystem health, and ecological balance in Iran’s forests.
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Figure 5. Grazing by heavy livestock in the forest areas of Kohgiluyeh and Boyer-Ahmad province
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YV¥ Y ols Y e o) e s WS cblis 5 ol Sl ale 45

LS Glase £ S cad S5 em J S ) b 5hes 8 eslaal uii.c- ol slacas e
S a5 53 2L 5 o3 Y pame oS LA
3 g ol |y dasl s 4 kS Gl b s oSl 555 s sl OV same oS
on e Qg (oo Py S dgs g ealimal b o gga

OUS 0 fl Sl (b (oo 5 £ OLLS S (@ sl g 5 4 S Sl Dok b K s 0Kl 5 sl -5 UK
(ko) (055 5add)

Figure 6. Understory cultivation in the oak forests of Kohgiluyeh and Boyer-Ahmad province: a)
Cultivation of crops and vegetables, b) Establishment of a citrus orchard (lemon) (Original)

T TN C K [ SR WSO SN WY QP PN PR RPC I R NP RN CRPELe



Vo

031> (5 g JS"Y\@JW Ll j‘rs s i) Cuw a ) ol
2l s, (Waage & Greathead, 1988) <.l

Sl asn 5l Saeeli S 5 e 2 1A ala )
ol sl ol 58 sl K3 dsm J S ‘-’JJ‘K@
JiS I8 5 o TR NI e c\-v ool
GG 5 Gae saaplis S (s Gino K K55
oo b e S 4y 25 ) S Sole 4ol o]
LIPS JVI VRN L S V5 Vi R RGO g Y PR Vg
Gl a3 508 )l cpl 5l eslatal o Cud go AJS (Cudly
a0 1) ol Ot 5 Pl (51 Lsg}.) o I
S a bl elazml 3y 5 (S el (2 ke
5 e Sidew JAS 0om zod Sis
5ok (2l S L il C)Jﬂw » b u‘;fp-w@
o 4 Lo oY s 3l el se ldas Lo il
\SS1 sy 55U eos8 plasl sl slas 5 o Sy UL
N3 Sam 3l A et 3 dpmse SBEs,
P W POV W IR VU P N P N
el b a5 S Jes gy She
id s Gl el sS Sl glaesl s 53 1 el
Ssdom S8 s S bl S ol |, ol
oelasl 5 oolasl as g 5 el Soendy 5 LW
sl eds n cnl ol Hlpds [l ol 4 s A2 2
Caslol 5o isls (6558 s &S iVIm e o3 5 aln 5o
Sl s S cwd Jo sl L8 s L el
a by SKislom J a8 Cubse s o glas Il
ol 5 i i 5 S i i (et s
SIS Kty 4 g ol e 3l LIS

] ) gma

Ol b 53 5 om J S ar s b,
(L5l i) Sl sy 5 3l 5 Slaldl -
e Kt Kol il Gl e sl
ads) Glesls slpan ln Gl slaoslS s Ll
J 8 &\'-'JJ\ ) oLl Co g g«l" bl » sl S

YoJ\A.:;‘YT'.&?‘Q\Jile\f)L@Jf\;?qbuaj@bow,J@lsgfz

ey 3] oozl icnlial ez SN ol i 352
) oo ooslaS OV pame Sl cblis )y pless
pom il el gl o r s SKir elas sloas g
D8 a4 oeleS OV same OB J xS Gl &S
an Sl a5 e S Jae ol ui sba iy, e
b Gl ess b aea sl b pleas S
s B b Sl S, Lo, Sie 5 LS uis
sile L opl o sde (Ashtari, 2023) aiS o 55U 50

A5 Jix 4o ,e i) Lol 5 SB s s
ails gt ST S Codle  gaeady 5 0 A o]
Ol a8 6l enl sl (Neary et al., 2009) szl
Eae wjfv\é ‘u;\i:-’.' bl 3 4, ol it
S5 om S L OG5l 5 5 ks Sl i) b e
Lelse 5 Sl slads lagpes s 5 eolined sl
RUW RSV P PURUSTES RS VISV ppee
Sl S 1P S s sazeslaplis Coniy ool
Lobs e ol lal 5o s sl oo Gans
3 Sam 3y b s 5 cblis ) p s G a
Sl ssmesie 5 s el Gl Sa ol S
fJL-“-‘ Sl ) s ade el Sl b, g_;"’ji'\""
(Sl il 5 b e Lol on oolg Kales
S 8 Sis Sl e b 5 $555MS 5 Gy y L2y
P R T LB PSR P RUNEP R

Coime 5 ki S\ e e 5 o255l sLaaal
a0 S S 3Bl gy e Gl K s
JiS b sbalw iy, Gl el (GRS
Sdeddy ) Sutel 5 WlaS o 000 4 |, K55 sm
S g 42 s W1 ]
Coslsl 53 5 K3dsm SRS I 5 GNGb oss @
(s ale b ol 2b cals) of o5 518
53 GBI S5 5lam JAS a3 il @ilpe 51 (S
o Sl 5 Oseads 5l 258 528 b sas o
o oo a5 S, ool ool mbaw 5 abaie (ola Sl
Copde pB AL et and plieds glacs b ol cdae



v g3 JAS a5 il

e P U T Ve RV JCH P S P
B pdee i

S5 g S s g 1 plBuinm 5 Ax LS Gy e
el olole dlans) Gl slaolg o Salon o5l
e Sy il Ll ‘d)‘é}..évj 5 b
J8 S 53;)\5» JeSas O P LR 5 ooslas
bolg col ol oo b« K bl K54
DS SKaS manite o2l 4 Al

(U7 pomes S| Sy ) (550l Olelas) ¥
Colem 5 cblim cun 4 b, 5l sl
Slr 63 s s Gro Gl 4 ipen b ol
PV P S ot Jelss b,
G onl ity S e anb ples 5l coles Gl
oy 5l cblis ol s ,ongs i 5 olal i)
gl 5 Kol b Gl pane AL oy Bis |
Sholaal (b plads Gl (08 5 ad) Ll
B P o EY PV S I
R S R PP L;\.:nr.;;.,ﬁ.ij\ Y f" Sl o e
el U (O e gl asl) esize bel&aly
Comal Flo Sl O B, Gl o sian sl

Al g
AB s s se b 65,084 5 Ay (pall
diad i)l GlagmS b g8 aliss i : Jo Sl SO
] o b olads ey o Ol ey Sl
salbobl  (zasp gst-hc,-l’ N[E IR ‘g\i'—’:
Lo glelis, 8 5 ol pae slae slaay 20 5 ng;;;J\;
Sl i 3 o 5 oS, 2N il ) s
OBl ol Gar sl e 4o e 3 Ol ze 5 oS e
ol ol Gals l 3lea S 5 eSS (il
aedae Sldss laeds, ol &b Sl gaose
A wl) ol ails bl 033 sl eSS
S e 5 (P dw sl S LS el Ol s

&..J: oleds 4, 6‘(\:—3&19\ LK sl ol

Yv#

sl gbesls el &8 Jad Ll s o) S5 5o
PNV CSECH E{ RCHPU PV WO S U SO
3575 olnl HKm Gt sS) 5o @l b pliess
Wlgiis BB Ny . ot L;J,.f(.,m PR GPOIARY
5 s 513 S Ny it a2l S e
asle) 4 oS 5 o laled sla 2, ) s Se e bansa
LY o oled Gl pasin Gloyss lanssl,
53 (e Oz 5l ady) Slisles e 5 cdl o lus
ol s o plal aduine slaes a5 Gl slap SIS
Ol o Sl RSl 5 658 Pl S\l
S S mad Sy 5 03l Gl Slles 2]
A oo S a4l g

R G B By S P T K oW A PR
SBo S olsea Ll ) i K sm IS Gl s
s el Sl el )5 35 556wl sklS
Sl e st sl Kol (Lol Gus 55l
S bl 5 S5 Jsol AL a8 el plsl
oleis sl 5 chlim (umole cnl S asl Sl
w S s S e s sl Ol 4 s b
slats,y oo e W51l col 352 053
Sty | L"’é)uf‘\t’.\"ﬁ 5 08 L5J‘§}L'" S 2
A8 e Ealan b ool sl s ol

Gl Olis s s lsbal Jadlsies S cstmen
by S5 IS Jeloe bl 5 omb sl
bele sl bolbia] ol el I e slaplesle
g ol o WS (Sl blss oLl sl
S Ssy Cupde 5 i Gl b i, sl
Al K480

izl i I A 5 Ll 658 ileteil 5
P P g T H Y SCESP I WM EE L W
$Wosss OIS s 2 Si3sn J S b,
b B Ol ag s Jes GelELS  aass i)l
NURE VRV PRt Stk CLW X5 o 0ol 05
S plaase 5l S paass gbaneS by



Yvv

& Lo ol ple 5ot Sy e Slid O 4 Gakio
Lol 51 cbls 5 Kidom IS5 slasis,
Al oo ol

glgals 4 plaws 5 ool 4 Jub s
Sl ©ln (85 bl
Jelse 5lla, 5 IS sl M cns sbasosls
LoBsle ala i, anes S a0 G2 K55 om
ol 5 b aile 528 B 85 5 5 K545 Ll e
0o CHlSs s a8y olels) Gl al-ole glaalle
«5%:-”‘) C»wjﬁ\ < L;Ko- J}."‘”W ‘.éLMéf—
GoSep ook 4o e ) 5o Cubge 35d 0 O gaine
s pale plaadie e Koy slas,ple
s\ 5 Ladlga) pwaige 5 (wliglon ¢ ulito i)
el (D

S b aae Ml s oo
G O Sl ool a8 1 S s
Loslrr 5wl oS aabals ol
(BB b)) Ml claplosle 5 5 by, s
ol by el boa o) s o) saiSm s
5 oo Jlsl cuheme b \-ej @Uﬂ o)
G a4 b el ol ol Jsh @l
Slarpe oy Sl slaa &S w58 Goaly
Sule el Bl S e 5 sl (Ll s LS
slaeisy o cSlie Jold Ky Giae sbada
Sl 5 aass S350 slaesss S juin slidss
S5 Sl 3 by b aal Saayy
Aei 8 ool plsie 4 b, K ol ) ol e ol
25458 53 S5 am J a8 sllas 5 e Clﬂ« sl gl
o ran g iy bl (S an 81 e al s S ool
Sesbo 5 bis ol gaiass)] CL“ S an bl sl
iyl ol en 4 5 5iS Ak claas o

23 K3 om JAS dne 5 s Sl 6l 2l s Cdb s
5 b s plsen 3.8 b5 aiesls ol s dSs
S gl ) Gide 53 Sl s 0 p S

aedas I8l u

YoJ\A.:‘YTA?‘Q\ﬂlcs\fjtglﬁ;?qbuaj@bow,ﬁwhgfz

g e ol ) sl S
e palom CSilie ey eges BT )
SLlse Sl e (Y gt e 5 (e melsx 5165l
ol sl bl (San 5 w1 BT K5 em J S
5 il el 18w cdlle by,
cSHlia 5 S bl Gl )y (s 5 SlaomeS
Slome W5 d 2l 5 Gl Gasl ;5o o 25 6 (ol
St s pyar SIS ) Ol 235
JA85 50 Ml 5 b sz 5 (ola

D9d s onled gS 3 Sledte Kl 0 K555

(s ] 381 glam s olalusl —¥
onl e s o alele ann g 4 e (0L ) By
wle s slagssls 5l oS b oas ey bl
(daddy Gl ol (S saesls Jdow 5 593 51 L
o AS e wnl b ) olie 5o L @8y 5 L0
sle s wl) WS adS b esls o & glalle
LSl S e pbos ) (oS J 8 Jele el Cunan
el @S sbesle gl olar Jdou
e ol L e g s M sbes
S ol pde 4 aS cl (g pame srosls b cp) 9 &
BES I @\.:.4 g et Al pis Sl gy L))
L obool s Sl o Ol g8 dalpd 5 e Glaeass

S IO O SIS ok W
L\, Q-.’.\ 1)\-&‘5{. J\ﬂ 9 SRAM Jaw K @U’
5 dge ey A 5l S5 dom J S L a8 0 S8
B S A K PR | PR R FUR W A
S sde papel olasl g sl
Slas gl cxby ol bWl Gl s
Dl e e slaslg C;M (ol el il patn S
Sl Slas oyl B s (S i o Slas |
el ;s 5l aos ol e cpimed cutls aialys Il
4 ) Jﬁo SOl s slre Glaesls e 51 Jol>
ol S ol \.an\;? slal 5 cblas Lo Goao



v Sy JAS amn g laSl, 5 il

aly K wsl (o ol B8 oleansle ol
e 53l a3 ] ol e sme S s
sl el s b S ol S5 J xS
5 sl slgmsy et I8 RL L2yl
XL ) @\-? @'\ﬁmﬂ\ sLSL sl 6,8
e s BT Ll e sl sl el st
ey (MR Gbao s Cupne s oSl
il s e o 5 Hallom s,

L6 S5 shom J S i g 4555 Sl il oLl o
Sl e oyl 5 I 4 a6 250 5 50
wlsn e bty Jool b o]y e 035 senn
51 g o) el i 51 cdilin o s &lie 4
We3ls a8t (San e 5 SVl e sl ss 4
e Laf,,:.....,,ﬂ‘,f\ o) 6&»;,\,2., 5 Gaes S

S JAS aney 5 Sl Ol e
ool s bl o 6l » et )l Csaols ‘Jf“-’f
ek auy s AMT@ w22 ol al s golgian sl Sl
K538 5 olsle @l Sl ol &S aas e ol
L, 528 nle 53 50358 3 pay yamin o) 5l 53 sui glalis
s 5S a2 dileas O b s sbas el b s
o ol 5o by 5ot Sl S ol 4 e ile
5 Odedy GJ\K‘HL‘J—W rJL—*‘ Ctd o aS ABS o0 ol
3l b b, 5iS cpl ool o slaias s o S et
PRNES | RPN L Wy NI S FYCEH I
bl 4 s em b leds K581 adla
a Bl ol bas colg e s 2 Sbl LS
Ko polansl 55 sm J S el se o5l A5 (55l
Wl s sl (e (Wang et al., 2014)

el (Rl sl al-obe sbalela 555 5) e
OMslae bl ol 5 el ol 1Ky
Wy sl Nsn e a3 8 Sa Sl o 53 2 e
2l sose 2 (YY) oL 5 Rullan-Silva

ol S Sl 5l b 00 s 5l St 58
PRV W u\j..:.-.. URLS Q\fw\ bg,sls Q,J &S wisls

YYA

Lo llend pas 63 1,88 b bl 3 as YL Lol
Ot 3 el gl Glag s 53 8 5S0) 5peS iz
bl 5 olind 10 o sdes JAlle (ool
53 By Jae Ul pslie oS ool sasl, als
e e sy s b8l sl 5 4o o
Sosld 4 u-fv"w.b BRI PP IR T TN -
il JUisl pae s 5 5l Jl ol ol (s s
Slezay Jol sbaag (Ml s, Kan 5o Ll
Sl o oo e bl () e ) e
@"y Loagrlse 5o adigeds 5 e o)l ‘f\f‘*ﬂ’g
P S 2 e el by ol ol
(e )".,\S\r‘ﬁ.?; e I S el 45\;,9{5\}
KA TRPT r\v@‘ P Shles b Sy; 5 bioyssame

Sy e Q-z\e.j)‘
23 S35k J S an g wlse 45 a0 o OS5 g 1 )
ool 3 s 2l 51 51 5l o)) GK.:. sbas o
S bl (255 i o el ke WIS e

«gldlie 5 Hemagl oy Co pae

D L A
1Y ] [ GO e O W P O S|
Sl Ssdsm Jelss ol bis & Lol Gua (as
Soslol cugi b oS3l K oo o )
s 5l ot dialy ) s ol S i S
S & pompd SSdem Jelss lela, 5l S
) o3 e Glads Coman Sy o8 5 Cuylas (bl
(S35 el Azl gaame gLl Lls 5l
SOAS 5 el Bl b L85 Bs @) ol
wssl ad 5 VL Glaa ;2 Bl s &) ol 5 (ailae
.(Waage & Greathead, 1988) ..l (3lls,
el 2 Lol G 5 S5l J S
Sospe Su Sk bl K4 ooe sl
bim 5 5l Cude Can 4 oS ol pdlolas

ol W (2 cnl el 2551k Sl g 55T )
Saeath e (BT J S L pleses wlg e S cul
S i | o] Gl sl Shae 5 s p8 (S



Yva

U O T S o S - PR PV ST
Lizsos 4 olnl Glr dle ool o sazilll sbo)lSal,
st (Ml Ol 2 s Coibge ad e 5 by,
(le s sboaly b Sl Jsol ol Gl ol
JAS dang s Silg e ol golasl 5 elars]

Sl slsen 5528 b K [ 1y o35

References

— Alinejad, M., Zamani, S., Farahani, S. and Gholami, R.,
2025. Efficacy of indigenous entomopathogenic fungi
isolates in controlling the oak moth (Porthesia melania
Stgr. (Lepidoptera: Lymantriidae)). Iranian Journal of
Forest and Poplar Research, 32(4): 355-372 (In Persian).
https://doi.org/10.22092/ijfpr.2024.365471.2158

— Ashtari, S., 2023. A Review on the side effects of
pesticides and how to evaluate these effects on
Trichogramma in Iran. BioControl in Plant Protection,
2023, 10(2): 9-30.
https://doi.org/10.22092/bcpp.2023.362917.339

— Farahani, S. and Rajabi Mazhar, A., 2020. Selection
and Release of Natural Enemies of Pests in Forests; Risks
and Successful Control. Journal of Biosafety, 12(4) :25-
36 (In Persian).

— Farahani, S., Farashiani, M.E., Kazerani, F., Kouhjani-
Gorji, M., Khaleghi Trujeni, S.N., 2023. A Review of
biology of Box tree moth in forests of northern Iran. Iran
Nature, 7(6): 39-46 (In Persian).
https://doi.org/10.22092/irn.2023.357060.1433

— Farahani, S. and Kouhjani Gorji, M. 2025., Strategies
to Support Natural Enemies of Pests in Forests and
Rangelands under Climate Change Conditions. Forest
and Rangeland Research Institute of Iran - Technical
Publications, 29 pp (In Persian).

— Farashiani, M.E., Varandi, H.B., Kazerani, F.,
Yarmand, H., Babaee, M., Thorn, S., Lange, F., Rafiei-
Jahed, R., Miller, J. and Amini, S., 2022. A preliminary
checklist of saproxylic beetles (Coleoptera) in the
Hyrcanian forests of Iran, with distributional data. Check
List, 18(5): 1053-
1120. https://doi.org/10.15560/18.5.1053

— Farashiani, M.E., Ghanaie, S., Kazerani, F., Naji, H.R.,
Askari, H., Yarmand, H., Farrar, N., Rajabi Mazhar,
A.R., Hamzehzarghani, H., Shafaii, F., Zarghani, E.,
Tavakoli, M., Golestaneh, S.R., Farahani, S., Koohjani
Gorgi, M., Sadeghi, S.M., Alavi, J., Pordel, A., Achak,
Y., Hashemi Khabir, Z., Hanifeh, S., Baradaran, G.R.,
Sarani, M., Dezyanian, A., Zarnegar, A., Niknam, M.,
Mohammadpour, P., Taghizadeh, M., Yahoeiyan, S. H.,

YoJ\A.:‘YTA?‘Q\ﬂlcs\fjtglﬁ;?qbuaj@bow,ﬁwhgfz

ool 5 Ools oy 35l S ity bkl
51 s ol e ) a8 e a3 (55 g
JSas e amsn b glaalele 4 e b
.J«b.)@
G 5o 45 el o) Sl 20 ) ) ol s ldS s

25 ) S 5 p e b K 55 S s JS sl
NP sl g il an g el Saeaidy

Alinezhad, M. and Motamedi, J., 2023. An Introduction
to the Sustainable Protection of Iran's Natural
Environments: Challenges and Strategies. Strategic
Research Journal of Agricultural Sciences and Natural
Resources, 8(1): 85-102 (In Persian).
https://doi.org/10.22047/srjasnr.2023.171633

— Gholami Ghavamabad, R., Talebi, A.A., Pedram, M.,
Farashiani, M.E. and Mehrabadi, M., 2024. Efficacy of
entomopathogenic  nematodes  against  Cydalima
perspectalis and Hyphantria cunea (Lepidoptera), two
invasive forest pests in Iran. International Journal of Pest
Management, 1-15.
https://doi.org/10.1080/09670874.2024.2372312

— Gossner, M.M., Lewinsohn, T.M., Kahl, T., Grassein,
F., Boch, S., Prati, D., Birkhofer, K., Renner, S.C.,
Sikorski, J., Wubet, T., Arndt, H., Baumgartner, V.,
Blaser, S., Blithgen, N., Borschig, C., Buscot, F.,
Diekdatter, T., Jorge, L.R., Jung, K., Keyel, A.C., Klein,
AM., Klemmer, S., Krauss, J., Lange, M., Miiller, J.,
Overmann, J., Pasali¢, E., Penone, C., Perovi¢, D.J.,
Purschke, O., Schall, P., Socher,S.A., Sonnemann, 1.,
Tschapka, M., Tscharntke, T., Turke, M., Venter, P.C.,
Weiner, C.N., Werner, M., Wolters, V., Wurst, S,
Westphal, C., Fischer, M., Weisser, W.W., Allan, E.,
2016. Land-use intensification causes multitrophic
homogenization of grassland communities. Nature, 540:
266-269. https://doi.org/10.1038/nature20575

— Howarth, F.G., 1991. Environmental impacts of
classical biological control. Annual Review of
Entomology, 36: 485-509.

— Khoshzaher, H., Varasteh Moradi, H. and
Salmanmahini, A., 2016. The impact of snags and logs
on the bird community in the non-breeding season in
Golestan National Park. Advanced Environmental
Sciences, 14(2): 69-78 (In Persian).

— Lindenmayer, D.B., and Franklin, J.F. 2002.
Conserving Forest Biodiversity: A Comprehensive
Multiscaled Approach. Island Press.

— Neary, D.G., Ice, G.G., and Jackson, C.R., 2009.
Linkages between forest soils and water quality and
quantity. Forest Ecology and Management, 258(10):



https://doi.org/10.22092/ijfpr.2024.365471.2158
https://doi.org/10.22092/bcpp.2023.362917.339
https://doi.org/10.22092/irn.2023.357060.1433
https://doi.org/10.15560/18.5.1053
https://doi.org/10.22047/srjasnr.2023.171633
https://doi.org/10.1080/09670874.2024.2372312
https://doi.org/10.1038/nature20575

v Sy JAS amn g laSl, 5 il

2269-2281.

— Rullan-Silva, C.D., Olthoff, A.E., Delgado de la Mata,
J.A. and Pajares-Alonso, J.A., 2013. Remote sensing of
forest insect disturbances: Current state and future
directions. International Journal of Applied Earth
Observation and  Geoinformation, 23:  1-10.
https://doi.org/10.1016/j.jag.2012.10.001

— Vacante, V., and Bonsignore, C.P., 2017. Natural
enemies and pest control. In: Vacante, V. and Kreiter, S.
(Eds.), Handbook of pest management in organic
farming (pp. 60-77). CAB International.

— Waage, J.K. and Greathead, D.J., 1988. Biological
control: challenges and opportunities. Philosophical
Transactions of the Royal Society of London. B,
Biological Sciences, 318(1189): 111-128.
https://doi.org/10.1098/rsth.1988.0001

- Wang, Z.Y., He, K.L. Zhang, F., Lu, X. and
Babendreier, D., 2014. Biological control in China: Past,
present and future. In Biological Control of Insect Pests
in China: Past, Present and Future (pp. 1-28). Beijing:
China Agricultural Science and Technology Press.

— Zalucki, M.P., Furlong, M.J., Schellhorn, N.A.,
Macfadyen, S. and Davies, A.P., 2015. Assessing the
impact of natural enemies in agroecosystems: toward
‘real’ IPM or in quest of the Holy Grail? Insect Science,

YA

22(1): 1-5.

— Zarghani, E., Farashiani, M.E. and Amini, S., 2022.
Different methods of monitoring pests and diseases in
forests and rangelands. Iran Nature, 7(1): 33-44 (In
Persian). https://doi.org/10.22092/irn.2022.354539.1361
— Zamani, S.M., Farahani, S., Farashiani, M.E., Salehi,
M., Samavat, S., 2018. The first record of Beauveria
bassiana on box tree moth, Cydalima perspectalis in
Iran. Iranian Journal of Forest and Range Protection
Research, 15(2): 199-202 (In Persian).
https://doi.org/10.22092/ijfrpr.2018.115710

— Zamani, S.M., Gholami Gavamabad, R., Kazerani, F.,
2023.  Efficacy of indigenous isolates  of
entomopathogenic fungi, Beauveria bassiana against the
box tree moth, Cydalima perspectalis, invasive pest in
Iranian forests. Bulletin of Insectology, 76(1): 117-125.
— Zamani, S.M., Alinejad, M., Askary, H., Gholami
Gavamabad, R., Sepasi, N., Farahani, S., Ahangaran, Y.,
2025. Field performance of  trunk-applied
entomopathogenic fungi for management of the oak
moth, Leucoma wiltshirei (Lepidoptera: Erebidae) during
a two-year study. Journal of Entomological Society of
Iran, 45(4): 663-678 (In Persian). https://doi.org/doi:
10.22034/jesi.45.4.14



https://doi.org/10.1016/j.jag.2012.10.001
https://doi.org/10.1098/rstb.1988.0001
https://doi.org/10.22092/irn.2022.354539.1361
https://doi.org/10.22092/ijfrpr.2018.115710

