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Fig. 1. The effect of jasmonic acid (JA), Trichoderma fungus (Th), and JA + Th treatments on fresh weight (g) of shoot (a), dry weight
(g) of shoot (b), fresh weight (g) of root (c), root dry weight (g), plant height (cm) (e), root length (cm) (f), phenol content (mg/g) (g)
and chlorophyll index (SPAD) (h) colored pepper plant compared to control. Different letters indicate significant differences (one-way

ANOVA followed by Tukey's test) (P < 0.05).
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Fig. 2. The rate of absorption of western flower thrips whole insects into colored pepper pots (a) and the number of first instar larvae of
western flower thrips counted (b) in jasmonic acid (JA), Trichoderma fun- gus (Th) and JA + Th treatments in Comparison with the
control in the free choice test. Different letters indicate significant differences (one-way ANOVA followed by Tukey's test) (P< 0.05).
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3 sblie polie | gyl sne ©ygods (AA/AD) dals )3 ausliS 435 sl 8,5 )5 o les 1l Cov (g3 gxe Sygo & S5 o)E ey $)9h5
Sy yids (CL: 36.640 & 54.953) (BF/VY) JA + Th 4 (CI: 13.135 & 30.784) (YY/AY) Th (CI: 24.090 & 43.414) (S5/YY) JA (sls )l

g 0l5 50 S (e i b gt o 28 S (o) M) sy 09 (S5 4 el 1§ y9)l 9 (S5 & el (S D329 Slooni; E
ol g5y 5 e i ye sy ook &35 VL (F US5) sl gy YVAA 5 YA/XD YANR XVYY Jsleo ey 4 3 JA + Th  Th JA (sl legs
o yotls og 33 S st s sl 055 i) oYL LB USi3) el ity /D 5 /¥R oYY o /¥D iy JA + Th 5 Th JA (el les 5
s (6) A po — o 0325 o2k YL cysioman (5 JS5) 0 dolixs YV/TY o FYAY YANE XVIYS i 4y 0id S5 (lslog (gl oolo oS

(Y US5) a8l oo 03le s 055 FIAT 5 VVIY DY AND asi LYY 5 YY Y0 ¥+ (clasy 5 e & 00 S5 oo Lo

Journal of Entomological Society of Iran 2025 ¢+ 45 (3)



Rezaei et al. 399

0l ylog Jald olS )5 « Frankliniella occidentalis WFT)) oy I8 w5 alisee nlye §6b 51 (i sliy lie0 5 5590k g5 loj =) Joi
(31,81 sluss :n) salis ¢ JA + Th Trichoderma harzianum (Th) (JA) Soseml> dusl b

Table 1. Development time, fecundity, and preadult survival rate of different stages of the western flower thrips (WFT), Frankliniclla

occidentalis, at treated pepper plant with Jasmonic acid (JA), Trichoderma harzianum (Th), JA + Th, and control (n: number of

individuals).
Treatments

Stage Control JA Th JA+Th

n MeanzSE n MeanzSE n MeanzSE n Mean+SE
Egg (day) 77 3.09+0.07¢! 75 3.53+0.83b 72 3.24+0.08c 74 3.91+0.08a
First instar (day) 75 1.67+0.23c 72 1.93+0.11ab 70 1.89+0.09b 71 2.18+0.09a
Second instar (day) 72 5.12+0.08d 69 6.14+0.09b 67 5.67+0.06¢ 66 6.5+0.06a
Prepupa (day) 69 1.48+0.06¢ 66 1.77+0.09ab 64 1.67+0.06b 64 1.97+0.10a
Pupa (day) 67 2.33+0.06¢ 63 2.81+0.10ab 61 2.69+0.06b 61 3.02+0.10a
Immature stages (day) 67 13.70+0.30d 63 16.33+0.45b 61 15.23+0.32¢ 61 17.69+0.42a
Preadult survival rate 77 0.87+0.03a 75 0.84+0.04a 72 0.85+0.04a 74 0.82+0.04a
APOP? (day) 41 1.93+0.11a 37 1.76£0.11a 36 1.86+0.11a 35 1.77+0.11a
TPOP? (day) 41 15.63+0.41c 37 18.05+0.62ab 36 17.06+0.43b 35 19.43+0.59a
Female adult longevity (d) 41 22.76+0.83a 37 16.92+0.55¢ 36 19.25+0.49b 35 15.51+0.54¢
Male adult longevity (day) 26 17.88+0.81a 26 13.08+0.52¢ 25 15.32+0.58b 26 11.61+0.44d
Female total longevity (d) 41 36.46+0.98a 37 33.22+0.89b 36 34.44+0.69ab 35 33.17+0.87b
Male total longevity (day) 26 31.58+0.97a 26 29.46+0.97a 25 30.60+0.93a 26 29.35+0.75a
Fecundity (eggs/female) 41 99.95+3.97a 37 66.32+2.81c 36 77.97£2.12b 35 54.17+2.48d
Oviposition period (day) 41 18.83+0.71a 37 13.97+0.46¢ 36 15.97+0.37b 35 12.29+0.42d

"The standard errors were estimated by using bootstrap technique with 100000 resampling. The same letter within a row indicates no significant
difference between treatments based on a paired bootstrap test at the 5% significance level.

2APOP was defined as the period between adult emergence and first oviposition.

*TPOP was defined as the time between the day an offspring enclosed from the egg and the day of its first oviposition or the period from egg to
adult plus preoviposition period.
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Fig. 4. Age-stage specific life expectancy (&) of the western flower thrips (WFT), Frankliniella occidentalis, at treated pepper plant with
Jasmonic acid (JA), Trichoderma harzianum (Th), JA + Th, and control.
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Fig. 5. Age-stage specific survival rate (sg) of the western flower thrips (WFT), Frankliniella occidentalis, at treated pepper plant with
Jasmonic acid (JA), Trichoderma harzianum (Th), JA + Th, and control.
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Fig. 6. The reproductive value (v) of the western flower thrips (WFT), Frankliniella occidentalis, at treated pepper plant with Jasmonic

acid JA), Trichoderma harzianum (Th), JA + Th, and control.

Journal of Entomological Society of Iran 2025 ¢+ 45 (3)



Rezaei et al. 401

1 9 r 6
% Control "
uuuuuuu - 5
T
— - ' 4
=< = = =
g £ = =
z " E E 0.5 - 3 E
- = = o
5 S g 8
£ 3 g o3 i
= =
n 4 S
k= 0.2
L1
1 0.1
L o 1] 0
S0
8 1 6
i 0.9 )
0.8 *
6
0.7 X
- o —
ol 5 w
= = £
= =
" 4E Bos 3 g
£ 3 |
= 2 T o4 3
Z g % : L&
E L 20 &
e ) - =
0.2
1
: 0.1
0 0 0
0 10 20 30 40 50

Age (day) Age (day)

(WET) (28 5 oy (hme) - oy 0ol plaalj 9 (M) (o (ol 6390k ) (o alsyo 53 (ol ()9l dl) o o sl £ -V S0
als g JA + Th (Trichoderma harzianum (Th) (JA) Sogemwls duwl b Jald oUS jlois y> « Frankliniella occidentalis
Fig. 7. Age-specific survival rate (4), age-stage specific fecundity (£4j), age-specific fecundity (), and age specific maternity (4m) of the

western flower thrips (WFT), Frankliniella occidentalis, at treated pepper plant with Jasmonic acid (JA), Trichoderma harzianum (Th),
JA + Th, and control.

2l3 5 JA+Th 9 Th JA L oud jled (S5 Jald olS (55 J5 ()8 ot (S5 S slaeominly (ool - (o gd (S5 Jgia (sl
CL ) JA (slaylogs 3 blie ppolie b oS 05 ssnlie (555 VEIV) als g5y (GRR) Jto a5 (B & 55 o yies o(Table 2) 153g: (6)l5 sine oglis gl
st 6yl sime 3] (gl (CT: 11.661 & 46.463) JA + Th s (CI: 3.936 & 38.664) Th 4 (3.882 & 38.632

AVAYY 5 39y 0 oI VYFY 51 (1) Cman Gialj3l 51> 65 e 2395 e iy (sl (o0l 25 AYIYY) sals (g5, (R0) Jieddsy Lalls £ ke
JA jlas sl iy 4 () Comex (R0l (olie 235 cly aigeS 5 dindin palie yuomen g yuaito Ml 9 JA + Th (sbajles cly iy 4 55y

B

S Al § Oy

039 ol ls Sis g 5 59 Jols (S5 Jald olS 5l oads (6,851l eiS ks (595 JA + Th g (Th) LoydsSs 5 7,8 (JA) dowl Sigausls (sla oy 3l
2 )Y geibee [0 clld b Sganly dpul (bl Jglone dddllas cpl )3 591 5 dme Jido)lS jatll g Joib (lie iy Jobo gy g5yl cady) Sis g 5
OBl cage g ady) Job g g i) ddy) SS9 5 g oplusld SS9 5 (s Rl cage Jalb (LS (S T-0 (il doje )3 Cug S
UiblS Cage (S,8da68 olS (59) Suigeuls dpwl (Ll Jelore 0ol Cawds =l b el o nd sals (LS b awlis )0 Ldg)s jadls o Jgid liee
sl 0355 iy Sl (6o ine Sy 4 ISy 3 Jgid o 5 Lba)lS sl Llis dlaii 5 5 ool ok 4 5 o)l 5 5 S8 59 o ine
S Sho 59y Slgawls Juio Sl o)y ogas 3 Lieral (2018) lwg oS isg} ;5 (Haghighi & Mansouri, 2019; Nemati er al, 2020)
5,5 )5 o)Ll 350 S 5 ol VL 6loale )3 039 & 0yludli Ly LinlS el 05 ol S5 sS g o, SliE] g Sy ol 5 (s
«.{uwb.—\w] d)m pis 4 ]oy)n (2R s L;melj g &Lo.s)] Oy b ol 045 Pl?u‘ Taghdm eral. (2010) Jc.my &S d).ii.) ORBg R 4D Ll

Journal of Entomological Society of Iran 2025 ¢+ 45 (3)


http://dx.doi.org/10.29252/ejgcst.9.4.1
https://doi.org/10.22059/ijpps.2020.299744.1006934
https://doi.org/10.1080/0958315021000016270

402 Resistance in Pepper by Trichoderma and jasmonic ...

23 GRS (m30gee S5 g ol Eliyl (il g olS (Jsbo Ay 05y Bl (ool s o A3y LS 3 Sigenle Al &ly 53 Cunl 0ad (B)15F
2 ohe & Sogomls duol mawg Sl yily Jlas 0 b led o Sl gadg0 pl 35 (o opl @l & Pruski er al, 2001; Qalebi er al, 2021)
190 gl gl (113 ot b (55 Jib ol 51 sy (slo,25L5 o] lall ly 39 5o Slgisiy (Emongor, 2007) ol a5 (slac gl
235 )18 s

Ll 81458,5 o 3 o3l 3,30 LS (Sliclont g ] 6 bt e Caneis ST (e 4 o oy 4 LS s 8 cilisin (slasisf 43 3]
cute Bl S5L6S Cldlbas (g opl @l b sy )3 (Ousley eral, 1994) ol oapmwy U3l 4 HalS 5l gl oy, 9 25 1 by Ggllae el 5
T22 ol jl eslatwl Lddss )5 ¢ o (gl (Newman eral, 2002) slawsly (555 (55,0l @Y g 3)Sloe p 1) Loy3sSs 5 )6 calises (sladlis
(Jald o0 5 5y liad 0l Jsb ¢ oilop plul 5 adny Sid g 5 5 40 b dme Ll age T0 atroviride g, P1 &lus ¢ T, harzianum g,8
@ gl 0y (Bl )3 LoyeSs 5 7,8 calisce (sladisS Wb 9SG aS el)5 9 (Eb Y guamo 505 I (Vinale er al., 2004) $us (S5 4565 g galS
o050 (Ousley eral, 1994; Vinale eral, 2004) 5,8 o)Ll L5 5 (55,845 65 ¢ 45595 e 5 ¢ Jald (galS ¢ ylouinly ¢ (55,3 3550 4 ()lg5 o il oy 3]
Cuwl o 3 (ko (gl .l 0ids o cpiives lawgs  alisee Glus b Lol bl ol (ot 68 dgu o olS Ay (iul38l 4y orie oS LoydsSs 5 7,18 31
Jd o ialial olS 5 1) laddyy g addle Sid o5y 9 (Sidiler G &S WS o W 1) gy (SauS aplal slaygS8 Trichoderma spp. 45
olS adyy oledl s Sligen g 355 picred J(Baker, 1988) 1S o Wl olS jo 1) 0y S0 Jolse boydsS 5 7,6 (Windham er al, 1986)
4 SB 5l olie slae JGnl LIS l38l s 70 harzianum (36 Mg e 0 zylee (Jlein] punilSo ,S53 .Conl 0ud ssalin 5 T harzianum lbwys
L Bl > 7. harzianum 436 & Qusley er al,, 1994 (Kleifeld & Chet, 1992) 4l 13,5500 slag, 8 3,Slos b ailiio ol e 31)b 5l aady,
el boysSs 5 slaalin 5l 5y a8 Cunlosds (5155 85505 0Ll olS sy ial3al 1o 355 sady (Sa5,03k U 4 S gm0 o Jolos ials
(Altomare ez al,, 1999) L4 o yiud L5lo Cbynny g ol g 550 59y Wlo (gdroyy yolic Llo g culd> i3l

@l oud slog (S Jilb (LS g5y IS (0 et (Steald i (s lp @5 seil g AT Ll igel g0 il el censy gl
Siagls 05 oanlie JA + Th 84l jlas g bl Sogomls (slaylows )3 8l gl oy (slog,Y dlasi o yiaS 905l 93y y3 wcusls Jid a1y aplie
s> 4 Ygane 03l o3l Lauwgs &5 )15 (ol o pds Cumor il ) (GlodilS el G o> gl god g 455 9 438 (9)I5055 sl e olS
3 aglginel g aaden 5 o yiluogsl dacsY e 568 o8 wile SLuS 5 Liuls8l (van Lenteren & Noldus, 1990; Singh, 1997) 34 0 03> yassuis
Renwick & Chew, 1994; ) cusl 01 U355 oblS o 59, Slpts plo (638050 g 5 S50l (6l 45 ol LY (j9009m b ok lasi lalS
il oo Cuoglie 0018 Dbul LS 5 oy Seke 5 olS 10 D990 (Joid (slgie s g3l LS )5 b 43 (Soldaat er al, 1996; Agrawal & Kurashige, 2003
L sl > (War eral, 2012) dizud 55 bpuslS)lg o 4y Cuoglio Jole luS 35 opl g 0350 Slpdis plyy 40 Cuoglio 4y juascio g olS )3 Joid il
b T harzianum T22 (y yil 3| odlisiwl b cuoglio W 5 Macrosiphum euphorbiae (Thomas)  susjcums 4 (5y (swyy ) epols dalllas gl
b )18 Sl 5 g Gl (imen g 4Ld e Mg s GEalS ) oxie g Cal 0392 ol yen sl Sl e (357 Sl g baadgiy 5 g
Tr6 y yiwl (31 (Coppola & Cascone, 2017) cusl 0 oS cow &3 Aphidius ervi Haliday 356231,L jeu5 > 5> (Volatile organic compounds)
ool 03 G5l (2Bl Llpd )3 Sl Shdsis (6357655 5 oo ey GialS g (S540 8 olS Cunglio Sl (g9, 77 harzianum g,
35 blatal gm (S5y i oS 2 eyssSes B 0lS o 3 JS (o o IS5 5 s S 55l i 5o L (Aldaghi eral, 2021)
g anlss e SIS )3 s aty <l ol Sl (115l s pSle o o] gl oS

L (Chi & Liu, 1985; Chi, 1988; Chi, 2017) Cusl Cures 5 31,8l 15 400 9 S o g (Sloos; Jain! Judoo g 4500 10 (suto Hl3l (S055 Jod>
allas golis b ey ) bl o sine S (6 (e b Sl ) liseo olye (sloi 5 9 093 59y (s 2090 Sless Bl ulis il i >
oS 53 s 335Vl b Yo o S ile |y Sl Syusl 5 Siganoly duusl 39 )5 4 &S 315 L5 Cipollini & Redman (1999) s (pls
56 o o) 5 9 9 Manduca sexta (L.) (Lepidoptera: Sphingidae) g5,¥ 0y93 Jsb Lialil cvse (S yddnsS oSy 5o ] JbLL
sl 0390 Slomadls ol 1 i o818y cllad y gl Sl

2B (JA) sl Sogomls b osis Jlows Jald g, Frankliniella occidentalis oy gy (3 )85kl gllas £) 5155 Jodo sladocisly =Y Jod>
22li olS g JA + Th) b ydsSS 5 7B ¢ duwl Sigomls (9098 oS 5 « Trichoderma harzianum (Th) L 3455 5

Table 2. Population growth parameters (MeantSE) of the western flower thrips (WFT), Frankliniella occidentalis, attreated pepper
plant with Jasmonic acid (JA), Trichoderma harzianum (Th), JA + Th, and control.

Parameters Control JA Th JA + Th
GRR (eggs/individual) 74.7+7.13a 53.28+5.25b 53.21+5.30b 46.22+5.29b
Ry (eggs/individual) 53.22+6.06 a’ 32.72+4.07 bc 38.9924.69 ab 25.623.34 ¢
r(day™) 0.1827+0.0062 a 0.1513+0.0069 bc 0.1636+0.0068 b 0.1332+0.0064 ¢
A (day™) 1.200+0.007 a 1.163+0.008 bc 1.178+0.008 b 1.142+0.007 c
T (day) 21.75£0.45 b 23.05+0.70 ab 22.39+0.55 b 24.34+0.67 a

*Means followed by the same letters in each row are not significantly different (Paired bootstrap test, < 0.05).

Journal of Entomological Society of Iran 2025 ¢ 45 (3)


https://doi.org/10.22055/ppd.2021.34980.1940
https://doi.org/10.17660/ActaHortic.2004.635.16
file:///C:%5CUsers%5CAli%5CDownloads%5CVinale,%20F.,%20D'Ambrosio,%20G.,%20Abadi,%20K.,%20Scala,%20F.,%20Marra,%20R.,%20Woo,%20S.%20L.,%20Turra,%20D.%20&%20Lorito,%20M.%20(2004)%20Application%20of%20Trichoderma%20harzianum%20(T22)%20and%20Trichoderma%20atroviride%20(P%201)%20as%20plant%20growth%20promoters,%20and%20their%20compatibility%20with%20copper%20oxychloride.%20Journal%20of%20Plant%20Pathology%2086(4),%20336.
file:///C:%5CUsers%5CAli%5CDownloads%5CVinale,%20F.,%20D'Ambrosio,%20G.,%20Abadi,%20K.,%20Scala,%20F.,%20Marra,%20R.,%20Woo,%20S.%20L.,%20Turra,%20D.%20&%20Lorito,%20M.%20(2004)%20Application%20of%20Trichoderma%20harzianum%20(T22)%20and%20Trichoderma%20atroviride%20(P%201)%20as%20plant%20growth%20promoters,%20and%20their%20compatibility%20with%20copper%20oxychloride.%20Journal%20of%20Plant%20Pathology%2086(4),%20336.
https://doi.org/10.1094/Phyto-76-518
https://doi.org/10.3109/07388558809150724
https://doi.org/10.22055/ppd.2021.34980.1940
https://doi.org/10.1128/AEM.65.7.2926-2933.1999
https://doi.org/10.1016/j.jip.2008.01.008
https://doi.org/10.1016/j.pestbp.2009.07.001
https://doi.org/10.4161/psb.21663
https://doi.org/10.1111/1744-7917.12475
https://doi.org/10.22055/ppr.2021.17128
https://doi.org/10.1093/ee/17.1.26

Rezaei et al. 403

3 5 Caol 02 iul38) 1) Gl 0 puis (slagy¥ 0yt B 055 050 Job «Sigouls dual (9098 jlos a5 A asuiie Thaler (1999) sla oy p 5o
b (S,8d0 68 alS ddy) il a5 cuwl odis 5135 (Slow-growth High-mortality aus ,8) cawl 4l )3l bag )Y 5350 (i Cojlyl (uilds asegs
g doub o « Nezara viridula L. (Heteroptera: Pentatomidae) «<juw cyw (slaoygs (o Ay &5 (idlS g 085 (ialS Corgo boydsSS 5 238 T22 aygm
Cazex Liol3dl S5 &5 a8 ol ) (Aline eral, 2021) cul a8l a8l Sogemldunl g5 5 0303 J13 156 cov 1y olS JoSUge o 5l puimon
{Carey, 2001) cusl gylae (S35 S doxivnl p (oo Olois & g Mlise (Slaoki g (539,k egos 9 255 093 cile 008 (o)l slaygiSh (olos Jolid
Thaler eral. ¢ Thaler (1999) pol> axllae zobs b alie .05 3ol JA + Th (84l jles buwg cél Cumes 1) sladomiunly 69y ite x50 oyt
2y 3 Caglie (cho)d Fo dgas il Coge gslis] claws 3l g Sy ST Job b e Gl b sl Kogeumls 45 Slesls Lis (2001)
» {(Black er al,, 2003) Cusl 0dds (Byme Sy joire sl Ko ade uSls S loie 4 Sigomls Sl (6,500 Baiod )0 Dad oo HlealS Ol is
$9) 8L hyey Macrosiphum euphorbiae (Thomas) ¢ gue) Cow 4l Cuzes My LialS Battaglia er al. (2013) ol adlas gl b sllas
T. harzianum g8 Tr6 aygm 15U (6,555 asllas j> lazily i,l58 Trichoderma longibrachiaum g )8 MK1 &g b 04 jlass (584565 lals
] oblS (Azimi eral, 2021) Cuol odds ()35 3ol b awglis y> Aphis fabae Scopli MBL ol 4 Caumes (yiulj8l 13 & 5 Jly gxe idlS ¢o,
o) (LS sloggeygn (s S 5 a8l e 5 )8 b DS 5 g dbgiye slagd ol b 4 LS e Mg alaS e ST Lausg g
5 L) > 55 o JUd 1y (G 45L) LS £65 53 L5 il (sl 5 S0 shansiS g s535yn ST Sl 5 Sl
3 b s losine Sype a4 loydgSy 5 )5 b osd Jlags alS Sy 5 ol el sl g (H202) (59,00 33eST e 45 Col 005 (3138 LoyosSs 5
L_J)?ln /u..)l: AS P9 ..\:l:un L)“"‘)BI L)'J9)" 9 u)g).\,.m ..\a..wSI): Libe olﬁf u.cls) .)]9‘0 .\Jy ‘C)lB ]a»)y olﬁf Q;f—lﬁ.) (o g;u)Do lJ A.wl}un s uL(bLf
Sgomls g duwl Sl dlas 5l LS slaya0y90 o (L6 LS 5 (a8 S5 0lS jo ¢ Jlo (gly (War eral, 2011) 5,185 o 0> (558095348 (59,
5 (Mansouri er al., 2020) cuwl oads 4,135 (Homoptera: Aphididae) Uroleucon carthami (Theobald) &,5 ais 4y cwoglio gl 55 auwl

28 Wl U5 8y Gliee 5 b LB il L Jilb olS olill Coglie 55yl adllas

435 ¢l JA + Th Jlag ofigr 003 Jlog (lalS CudsS 391 by odimd (s (S5 S slocominnlyy g A5l 5 5] loggo] ol
Lulpd 4 Cond SIS diay baes )3 9 3)l5 sl oMl g G Lo (59 (e 1 ol )3 Cuoglie Wl IS g0 4 Bl oo JS ()8
JA Loy (Aldaghi er al, 2021) 5,5 oslil cél ol pis Curen LialS johaio 4 kS cblis clabg, ;505 b 5dls 1 o] 5 Gl e pooly as)se
Sl ely IS byl ys )3 0309 4 Slise Sledllas 4y 5L Lol Wb o dnogi BB IS )8 w5 8l a8 Co e sladaliy )3 (65,15 ¢l + Th
Al 55 sladiS oy 4 (o o) b (liedhd s S Sy 59y lasd ol Sl s 4 Ao izpen Bl o ] as 38

Author's Contributions

Ali Rezaei: conceptualization, methodology, formal analysis, investigation, draft preparation, final review and edit,
visualization; Mohammad Khanjani: supervision, project administration and funding acquisition; Shahram Farrokhi: final
review and edit.

Author's Information

Ali Rezaei DL rezail 63@yahoo.com https://orcid.org/0009-0000-3794-0926

Mohammad Khanjani P< khanjani@basu.ac.ir hutps://orcid.org/0000-0001-7197-3908

Shahram Farrokhi P< shahram.farrokhi@gmail.com hutps://orcid.org/0000-0002-3056-0610
Funding

This paper is a part of Ph.D. thesis of senior author which financially supported by Bu-Ali Sina University.

Data Availability Statement

All data supporting the findings of this study are available within the paper

Acknowledgments

The authors are grateful to Bu-Ali Sina University for the financial supports and providing laboratory facilities.

Ethics Approval

Journal of Entomological Society of Iran 2025 ¢+ 45 (3)


https://doi.org/10.1093/ee/28.1.30
https://doi.org/10.1007/s10886-021-01260-3
https://doi.org/10.1146/annurev.ento.46.1.79
https://doi.org/10.1093/ee/28.1.30
https://doi.org/10.1046/j.1365-2311.2001.00324.x
https://doi.org/10.1046/j.1365-2311.2001.00324.x
https://doi.org/10.1093/ee/32.5.1196
https://doi.org/10.1094/MPMI-02-13-0059-R
doi:%2010.22034/ARPP.2021.12443
https://doi.org/10.4161/psb.21663
https://dorl.net/dor/20.1001.1.23832592.1398.32.4.19.8
https://doi.org/10.22055/ppr.2021.17128
mailto:rezai163@yahoo.com
https://orcid.org/0009-0000-3794-0926
mailto:khanjani@basu.ac.ir
https://orcid.org/0000-0001-7197-3908
mailto:shahram.farrokhi@gmail.com
https://orcid.org/0000-0002-3056-0610
https://orcid.org/0000-0001-6072-3604
https://orcid.org/0000-0003-3491-6757
https://orcid.org/0000-0001-9164-2807

404 Resistance in Pepper by Trichoderma and jasmonic ...

This study only included plants, beneficial fungus and insects’ material. All applicable international, national, and institutional
guidelines for the care and use of animals were followed. This article does not contain any studies with human participants
performed by any of the authors.

Conflict of Interest

The authors declare that there is no conflict of interest regarding the publication of this paper.

Generative Al statement

The authors declare that no Gen Al was used in the creation of this manuscript.

REFERENCES

Agrawal, A. A. & Kurashige, N. S. (2003) A role for isothiocyanates in plant resistance against the specialist herbivore Pieris rapae. Journal
of Chemical Ecology 29, 1403-1415.

Ainsworth, E. A. & Gillespie, K. M. (2007) Estimation of total phenolic content and other oxidation substrates in plant tissues using Folin—

Ciocalteu reagent. Nature Protocols 2(4), 875-877.

Akutse, K. S., Maniania, N. K., Fiaboe, K. K. M., Van den Berg, J. & Ekesi, S. (2013) Endophytic colonization of Vicia faba and Phaseolus
vulgaris (Fabaceae) by fungal pathogens and their effects on the life-history parameters of Liriomyza huidobrensis (Diptera:
Agromyzidae). Fungal Ecology 6(4), 293-301. https://doi.org/10.1016/j.funeco.2013.01.003

Aldaghi, M., Allahyari, H., Hosseininaveh, V. & Behboudi, K. (2021) Effect of Trichoderma harzianum Tr6 in inducing resistance in
tomato against 7rialeurodes vaporariorum (Hem.: Aleyodidae). Plant Protection (Scientific Journal of Agriculture) 44(3), 107-117.
https://doi.org/10.22055/ppr.2021.17128

Alinc, T., Cusumano, A., Peri, E., Torta, L. & Colazza, S. (2021) Trichoderma harzianum strain T22 modulates direct defense of tomato
plants in response to Nezara viridula feeding activity. Journal of Chemical Ecology 47, 455-462. https://doi.org/10.1007/s10886-021-
01260-3

Alizadeh, H., Behboudi, K., Ahmadzadeh, M., Javan-Nikkhah, M., Zamioudis, C., Pieterse, C. M. & Bakker, P. A. (2013) Induced systemic
resistance in cucumber and Arabidopsis thaliana by the combination of Trichoderma harzianum Tr6 and Pseudomonas sp. Psl4.
Biological Control 65(1): 14-23. https://doi.org/10.1016/j.biocontrol.2013.01.009

Altomare, C., Norvell, W. A,, Bjotkman, T. H. O. M. A. S. & Harman, G. (1999) Solubilization of phosphates and micronutrients by the
plant-growth-promoting and biocontrol fungus 7richoderma harzianum Rifai 1295-22. Applied and Environmental Microbiology
65(7), 2926-2933. https://doi.org/10.1128/AEM.65.7.2926-2933.1999

Azimi, S., Shahin, S. & Alizadeh, A. (2021) Evaluation of bean plant treatment with 7richoderma harzianum TR6 on the biology of bean
aphid, Aphis fabae. Journal of Applied Research in Plant Protection 10(1), 1-16. https://doi.org/10.22034/ARPP.2021.12443

Baker, R. (1988) Trichoderma spp as plant-growth stimulants. Critical Reviews in Biotechnology 7(2), 97-106.
https://doi.org/10.3109/07388558809150724

Battaglia, D., Bossi, S., Cascone, P., Digilio, M. C., Prieto, J. D., Fanti, P., Guerrieri, E., Lodice, L., Lingua, G., Lorio, M., Maffei, M. E.,
Massa, N., Ruocco, M., Sasso, R. & Trotta, V. (2013) Tomato below ground—above ground interactions: 7richoderma
longibrachiatum affects the performance of Macrosiphum euphorbiae and its natural antagonists. Molecular Plant-Microbe
Interactions 26(10), 1249-1256. https://doi.org/10.1094/MPMI-02-13-0059-R

Bernays, E. A. & Chapman, R. F. (2007) Host-plant selection by phytophagous insects (Vol. 2). Springer Science & Business Media.

Black, C. A., Karban, R., Godfrey, L. D., Granett, J. & Chaney, W. E. (2003) Jasmonic acid: a vaccine against leafminers (Diptera:
Agromyzidae) in celery. Environmental Entomology 32(5), 1196-1202. https://doi.org/10.1093/ee/32.5.1196

Carey, J. R. (2001) Insect biodemography. Annual Review of Entomology 46(1), 79-110. https://doi.org/10.1146/annurev.ent0.46.1.79

Chi, H. (1988) Life table analysis incorporating both sexes and variable development rates among individuals. Environmental Entomology

17(1): 26-34. https://doi.org/10.1093/ee/17.1.26

Chi, H. (2017) TWOSEX-MSChart: a computer program for the age-stage, two-sex life table analysis. http://140.120.197.173/Ecology/.
National Chung Hsing University, Taichung Taiwan.

Chi, H. S. . N. & Liu, H. S. L. (1985) Two new methods for the study of insect population ecology. Bulletin of the Institute of Zoology,
Academia Sinnica 24(2): 225-240.

Cipollini, D. F. & Redman, A. M. (1999) Age-dependent effects of jasmonic acid treatment and wind exposure on foliar oxidase activity
and insect resistance in tomato. Journal of Chemical Ecology 25, 271-281. https:// doi.org /10.1023/A:1020842712349

Cooper, W. R. & Goggin, F. L. (2005) Effects of jasmonate-induced defenses in tomato on the potato aphid, Macrosiphum euphorbiae.
Entomologia Experimentalis et Applicata 115(1), 107-115. https://doi.org/10.1111/j.1570-7458.2005.00289.x

Journal of Entomological Society of Iran 2025 ¢ 45 (3)


https://doi.org/10.1016/j.funeco.2013.01.003
https://doi.org/10.22055/ppr.2021.17128
https://doi.org/10.1007/s10886-021-01260-3
https://doi.org/10.1007/s10886-021-01260-3
https://doi.org/10.1016/j.biocontrol.2013.01.009
https://doi.org/10.1128/AEM.65.7.2926-2933.1999
https://doi.org/10.22034/ARPP.2021.12443
https://doi.org/10.3109/07388558809150724
https://doi.org/10.1094/MPMI-02-13-0059-R
https://doi.org/10.1093/ee/32.5.1196
https://doi.org/10.1146/annurev.ento.46.1.79
https://doi.org/10.1093/ee/17.1.26
https://doi.org/10.1111/j.1570-7458.2005.00289.x

Rezaei et al. 405

Coppola, M., Cascone, P., Chiusano, M. L., Colantuono, C., Lorito, M., Pennacchio, F., Rao, R., Woo, S. L., Guerrieri, E. & Digilio, M.
C. (2017) Trichoderma harzianum enhances tomato indirect defense against aphids. lnsecr Science 24(6), 1025-1033.
https://doi.org/10.1111/1744-7917.12475

DeGraaf, H. E. & Wood, G. M. (2009) An improved method for rearing western flower thrips Frankliniella occidentalis. Florida
Entomologist 92(4): 664-666. https://doi.org/10.1653/024.092.0424

Emongor, V. (2007) Gibberellin influence on vegetative growth nodulation and yield of Cowpea (Vignasp.). Journal of Agrobiology 60(4),
509-517. https://doi.org/10.3923/ja.2007.509.517

Haghighi, M. & Mansouri, F. (2019) Effect of Jasmonic acid and Salicylic acid on growth and physiological changes of tomato under
salinity ~ stress.  Journal of Soil and  Plant  Interactions-Isfahan  University of  Technology 9(4), 1-14.
http://dx.doi.org/10.29252/ejgest.9.4.1

Harman, G. E., Howell, C. R., Viterbo, A., Chet, I. & Lorito, M. (2004) Trichoderma species opportunistic, avirulent plant symbionts.
Nature Reviews Microbiology 2(1): 43-56. https://doi.org/10.1038/nrmicro797

Huang, Y. B. & Chi, H. (2013) Life tables of Bactrocera cucurbitae (Diptera: Tephritidae): with an invalidation of the jackknife technique.
Journal of Applied Entomology 137(5): 327-339. https://doi.org/10.1111/jen.12002

Hulshof, J., Ketoja, E. & Vinninen, I. (2003) Life history characteristics of Frankliniella occidentalis on cucumber leaves with and without
supplemental food. Entomologia Experimentalis et Applicata 108(1), 19-32. https://doi.org/10.1046/j.1570-7458.2003.00061.x

Jalili- Moghadam, M. & Azmayesh- Fard, P. (2004) Thrips of ornamental plants in Tehran and Mahallat. In Proceeding of the 16th Iranian
Plant Protection Congress, Tabriz, Iran (p. 160). (In Persian with English summary).

Karimi, J., Dara, S. K, Arthurs, S. (2019) Microbial insecticides in Iran: history, current status, challenges and perspective. Journal of
Invertebrate Pathology 165:67-73. https://doi.org/10.1016/j.jip.2018.02.016

Kempster, V. N., Scott, E. S. & Davies, K. A. (2002) Evidence for systemic, cross-resistance in white clover ( 7rifolium repens) and annual
medic (Medicago truncatula var truncatula) induced by biological and chemical agents. Biocontrol Science and Technology 12(5),
615-623. https://doi.org/10.1080/0958315021000016270

Kleifeld, O. & Chet, 1. (1992) Trichoderma harzianum interaction with plants and effect on growth response. Plant and Soil 144, 267-272.

Li, C., Wang, P., Menziess, N. W. Lombi, E. & Kopittke, P. M. (2018) Effects of methyl jasmonate on
plant  growth and leaf properties. Journal of Plant Nutrtion and Soid  Science 3(181), 409-418.
https://doi.org/10.1002/jpln.201700373

Mansouri, S. M., Mehrparvar, M., Amiri Domari, M. & Mozafari, H. (2020) Evaluation of physiological indices of induced changes in

safflower cultivars under biotic = stress. Journal of Plant Research (Iranian Journal of Biology) 32(4), 941-953.
https://dorl.net/dor/20.1001.1.23832592.1398.32.4.19.8

Martinuz, A., Schouten, A. & Sikora, R. A. (2012) Systemically induced resistance and microbial competitive exclusion: implications on

biological control. Phyropathology 102(3), 260-266. https://doi.org/10.1094/PHYTO-04-11-0120

Mcdonald, J. R., Bale, J. S. & Walters, K. F. (1998) Effect of temperature on development of the western flower thrips, Frankliniella
occidentalis (Thysanoptera: Thripidae). European jJournal of Entomology 95, 301-306.

Minaei, K. (2013) Thrips (Insecta, Thysanoptera) of Iran: a revised and updated checklist. Zookeys (330): 53.
https://doi.org/10.3897/z00keys.330.5939

Mortazavi, N., Aleosfoor, M. & Minaei, K. (2015) Comparison of seven methods for rearing western flower thrips Frankliniella occidentalis

(Thysanoptera: Thripidae). fran Agricultural Research 34(2): 15-20. https://doi.org/10.22099/iar.2016.3423

Mound, L. A. & Ng, Y. F. (2009) An illustrated key to the genera of Thripinae (Thysanoptera) from South East Asia. Zootaxa, 2265(1),
27-47. https://doi.org/10.11646/z00taxa.2265.1.2

Narmani, A., Arzanlou, M., Babaiahari, A. & Masteri 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.

Nemati, A., Zahiri, B. & Khanjani, M. (2020) Systemic changes in tomato induced by foliar-treated hormone and cultivar interactions
reduce the fitness of an invasive specialist herbivore, the tomato leaf miner. Jranian Journal of Plant Protection Science 51(2): 221-
233. hetps://doi.org/10.22059/ijpps.2020.299744.1006934

Newman, S. E., Brown, W. M. & Ozbay, N. (2002) The effect of the Trichoderma harzianum strains on the growth of tomato seedlings.
In XXVI International Horticultural Congress: Managing Soil-Borne Pathogens: A Sound Rhizosphere to Improve Productivity in
635 (pp. 131-135). https://doi.org/10.17660/ActaHortic.2004.635.16

Ousley, M. A., Lynch, J. M. & Whipps, J. M. (1994) Potential of 7richoderma spp as consistent plant growth stimulators. Biology and
Fertility of Soils 17, 85-90.

Pieterse, C. M., van der Does, A., Zamioudis, C., Leon Reyes, H. A. & Van Wees, S. C. (2012) Hormonal modulation of plant immunity.
Annual Review of Cell and Developmental Biology 28, 489-521. https://doi.org/10.1146/annurev-cellbio-092910-154055

Pruski, K., Duplessis, P., Lewis, T., Astatkie, T., Nowak, J. & Struik, P. C. (2001) Jasmonate effect on in

vitro  tuberization of potato (Solanum  tuberosum L.) Cultivars under light and dark conditions. Poraro

Research 44(4), 315-325. https://doi.org/10.1007/BF02358592

Journal of Entomological Society of Iran 2025 ¢+ 45 (3)


https://doi.org/10.1111/1744-7917.12475
https://doi.org/10.1653/024.092.0424
https://doi.org/10.3923/ja.2007.509.517
http://dx.doi.org/10.29252/ejgcst.9.4.1
https://doi.org/10.1038/nrmicro797
https://doi.org/10.1111/jen.12002
https://doi.org/10.1046/j.1570-7458.2003.00061.x
https://doi.org/10.1016/j.jip.2018.02.016
https://doi.org/10.1080/0958315021000016270
https://doi.org/10.1002/jpln.201700373
https://dorl.net/dor/20.1001.1.23832592.1398.32.4.19.8
https://doi.org/10.1094/PHYTO-04-11-0120
https://doi.org/10.3897/zookeys.330.5939
https://doi.org/10.22099/iar.2016.3423
https://doi.org/10.11646/zootaxa.2265.1.2
https://doi.org/10.22059/ijpps.2020.299744.1006934
https://doi.org/10.17660/ActaHortic.2004.635.16
https://doi.org/10.1146/annurev-cellbio-092910-154055
https://doi.org/10.1007/BF02358592

406 Resistance in Pepper by Trichoderma and jasmonic ...

Qalebi, Z., Modarresi, M., Sohrabi, F., Saberi, D. & Hedayat, M. (2021) Response of different tomato varieties to the replacement of
chemical toxins controlling tomato fruit borer (Helicoverpa armigera Hubner) by some endogenous plant compounds. Plant
Productions 44(4), 531-544. https://doi.org/10.22055/ppd.2021.34980.1940

Reiter, D., Farkas, P., Sojndczki, A., Kirdly, K. & Fail, J. (2015) Laboratory rearing of Thrips tabaci Lindeman: a review. Bodenkultur.
Journal of Management, Food and Environment 66(3-4), 33-40.

Renwick, J. A. A. & Chew, F. S. (1994) Oviposition behavior in Lepidoptera. Annual Review of Entomology 39(1), 377-400. 0066-
4170/94/0101-0377S05.00

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. DOI: 10.22043/M1.2020.120790

Sdnchez-Rodriguez, A. R., Raya-Diaz, S., Zamarreno, A. M., Garcia-Mina, J. M., del Campillo, M. C. & Quesada-Moraga, E. (2018) An
endophytic Beauveria bassiana strain increases spike production in bread and durum wheat plants and effectively controls cotton
leafworm (Spodoptera littoralis) larvae. Biological Control 116, 90-102. https://doi.org/10.1016/j.biocontrol.2017.01.012

Sarfraz, M., Dosdall, L. M. & Keddie, B. A. (2006) Diamondback moth—host plant interactions: implications for pest management. Crop
Protection 25(7), 625-639. https://doi.org/10.1016/j.cropro.2005.09.011

Senthil-Nathan, S., Kalaivani, K., Choi, M. Y. & Paik, C. H. (2009) Effects of jasmonic acid-induced resistance in rice on the plant
brownhopper, Nilaparvata lugens Stdl (Homoptera: Delphacidae). Pesticide Biochemistry and Physiology 95(2), 77-84.

Singh, A. K. (1997) Effect of leguminous plants on the growth and development of gram pod borer, Helicoverpa armigera. Indian Journal
of Entomology 59, 209-214. https://doi.org/10.1016/j.pestbp.2009.07.001

Soldaat, L. L., Boutin, J. P. & Derridj, S. (1996) Species-specific composition of free amino acids on the leaf surface of four Senecio species.
Journal of Chemical Ecology 22, 1-12.

Taghdiri, B., Gholami, M., Deljo, A. & Sepehri, A. (2010) Response of tissue culture derived potato
plantlets  to  nitrogen and  jasmonic acid under hydroponic  condition.  Plant  Production  Technology
10(1), 69-78.

Tang, J., Liu, L., Huang, X, Li, Y., Chen, Y. & Chen, J. (2010) Proteomic analysis of Trichoderma atroviride mycelia stressed by
organophosphate pesticide dichlorvos. Canadian Journal of Microbiology 56(2), 121-127. https://doi.org/10.1139/W09-110

Thaler, J. S. (1999) Induced resistance in agricultural crops: effects of jasmonic acid on herbivory and yield in tomato plants. Environmental
Entomology 28(1), 30-37. https://doi.org/10.1093/ee/28.1.30

Thaler, J. S., Stout, M. J., Karban, R. & Duffey, S. S. (2001) Jasmonate-mediated induced plant resistance affects a community of herbivores.
Ecological Entomology 26(3), 312-324. https://doi.org/10.1046/j.1365-2311.2001.00324..x

van Lenteren, J. C. & Noldus, L. P. J. J. (1990) Whitefly-plant relationships: behavioural and ecological aspects. In: D. Gerling (Ed),
Whiteflies: their bionomics, pest status and management. (pp. 47-49). Intercept Ltd, Andover, Hants, UK.

Vega, F. E. (2008). Insect pathology and fungal endophytes. Journal of Invertebrate Pathology 98(3), 277-279.
https://doi.org/10.1016/j.jip.2008.01.008

Vinale, F., D'Ambrosio, G., Abadi, K., Scala, F., Marra, R., Woo, S. L., Turra, D. & Lorito, M. (2004) Application of 7richoderma
harzianum (T22) and Trichoderma atroviride (P 1) as plant growth promoters, and their compatibility with copper oxychloride.
Journal of Plant Pathology 86(4), 336.

War, A. R., Paulraj, M. G., Ahmad, T., Buhroo, A. A., Hussain, B., Ignacimuthu, S. & Sharma, H. C. (2012) Mechanisms of plant defense
against insect herbivores. Planr signaling & behavior7(10), 1306-1320. https://doi.org/10.4161/psb.21663

War, A. R., Paulraj, M. G., War, M. Y. & Ignacimuthu, S. (2011) Jasmonic acid-mediated-induced resistance in groundnut (Arachis
hypogaeaL.) against Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae). Journal of Plant Growth Regulation 30(4), 512-523.

Windham, M. T. (1986) A mechanism for increased plant growth induced by Trichoderma spp. Phytopathology 76, 518-521.
https://doi.org/10.1094/Phyto-76-518

Zhang, B., Qian, W., Qiao, X,, Xi, Y. & Wan, F. (2019) Invasion biology, ecology, and management of Frankliniella occidentalis in
China. Archives of Insect Biochemistry and Physiology 102(3), €21613. https://doi.org/10.1002/arch.21613

Cization: Rezaei, A., Khanjani, M. & Farrokhi, S. (2025) Induced resistance in bell Pepper by 7richoderma
Harzianum T22 and jasmonic acid against Frankliniella occidentalis (Thysanoptera: Thripidae). /. Entomol.
Soc. Iran, 45 (3), 393—407.

DOI: https://doi.org/10.61186/jesi.45.3.6
URL: https://jesi.areeo.ac.ir/article_131275.html

Journal of Entomological Society of Iran 2025 ¢ 45 (3)


https://doi.org/10.22055/ppd.2021.34980.1940
https://doi.org/10.1016/j.biocontrol.2017.01.012
https://doi.org/10.1016/j.cropro.2005.09.011
https://doi.org/10.1016/j.pestbp.2009.07.001
https://doi.org/10.1139/W09-110
https://doi.org/10.1093/ee/28.1.30
https://doi.org/10.1046/j.1365-2311.2001.00324.x
https://doi.org/10.1016/j.jip.2008.01.008
https://doi.org/10.4161/psb.21663
https://doi.org/10.1094/Phyto-76-518
https://doi.org/10.1002/arch.21613
https://doi.org/10.61186/jesi.45.3.6
https://doi.org/10.61186/jesi.45.3.6
https://jesi.areeo.ac.ir/article_131275.html

Journal of Entomological Society of Iran

pISSN: 0259-9996 — elSSN: 2783-3968

2025, 45 (3), 393-407

Induced resistance in bell Pepper by Trichoderma harzianum T22 and
jasmonic acid against Frankliniella occidentalis (Thysanoptera: Thripidae)

Ali Rezaei'™, Mohammad Khanjani'® & Shahram Farrokhi? ©

1-  Department of Plant Protection, College of Agriculture, Bu Ali Sina University, Hamedan, Iran
2- Iranian Research Institute of Plant Protection, Agricultural Research, Education and Extension Organization (AREEO),

Tehran, Iran

Abstract. The western flower thrips (WFT), Frankliniella occidentalis (Pergande)
(Thysanoptera: Thripidae) is one of the important greenhouse insect pests with a wide host
range. In this study, the effect of treating bell pepper with jasmonic acid (JA) (0.5 mM),
Trichoderma harzianum strain T22 (Th) (10 ml per plant from 1x107 spore/ml suspension),
and the jasmonic acid with 77 harzianum (JA + Th) on the growth and physiological
characteristics of the pepper plants, adult selection and oviposition preference (free-choice
and no-choice tests), and the life table parameters of WFT were investigated. The
experiments were carried out in constant environmental conditions at 25t1 °C, 65+5%
RH, and L16: D8 photoperiod. Based on the results, all life table parameters of WFT
showed a significant difference. The intrinsic rate of increase (z) for control and JA, Th, and
JA + Th treatments were 0.1827, 0.1513, 0.1636, and 0.1332 (day™), respectively. The net
reproductive rate (R) for the mentioned treatments was estimated as 22.53, 32.72, 38.99,
and 25.62 (eggs/individual). The JA + Th treatment increased the growth and physiological
characteristics of the pepper plants and had low nutritional quality for the pest. The results
of this study can be used in the application of JA + Th treatment for integrated management
programs of WFT.

Keywords: 7richoderma, Plant hormone, Oviposition preference, Life table, Integrated pest
management
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