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Table 1. Comparison of the mean (£SE) of the two-way effect (Cultivars at different doses of SA and
JA) on pest developmental stages in year 2021

Characteristics

@ %3; Egg First-stage Second- Third-stage Pupa Pest exit hole Total
2 § No. larva No. stage larva larva No. No. No. mature
2 1= No. stages No.
= o
S
Al Bl 1.74+10.46 0.11+0.32 0.11+0.28 0.08 £0.21 0.06+0.14 0.01+0.02 1.84 +11.11
bed abc b c b a bc
B2 2.33+15.92 0.17+0.46 0.12+0.35 0.16+0.44 0.12 +0.31 0.01+0.02 2.45+16.91
a abc b abc ab a a
B3 1.90+13.32 0.17+0.56 0.11+0.40 0.13+0.40 0.12+0.32 0.01+0.02 2.15+14.90
ab abc b bc ab a ab
B4  1.64+11.80 0.17+0.60 0.11+0.39 0.13 +0.40 0.10 +0.29 0.01+0.02 1.83 +13.29
abc ab b bc ab a ab
B5 1.74+11.56 0.29+0.81 0.33+0.97 0.75+0.83 0.38+0.75 5.23+0.01 2.33+15.18
bc a a ab a ab ab
A2 B1 0.68 +£1.89 0.04+0.09 0.07+0.16 0.02 +0.05 5.23 +£0.01 0.00+0.00 0.81+2.12
hi bc b c b b hi
B2 0.92 +£3.44 0.14+0.22 0.18+0.28 3.14 £0.03 5.23+£0.01 0.00+0.00 1.05+£3.74
f-i bc b c b b f-i
B3 0.82 +4.81 0.05+0.10 0.08+0.18 3.14+0.03 5.23+£0.01 0.00+0.00 0.88+5.05
e-i bc b c b b d-i
B4 0.96 +4.64 0.06+0.11 0.08+0.18 3.14 £0.03 5.23+£0.01 0.00+0.00 1.04 +4.93
e-i bc b c b b d-i
B5 1.03 £6.42 0.08+0.21 0.08+0.25 0.04 +0.10 0.12 £0.15 0.00+0.00 1.10+7.02
def bc b c b b c-f
A3 B1 0.94 +£5.34 0.09+0.23 0.10+0.19 4.18+0.08 6.28 £0.06 0.00+0.00 1.00+5.66
e-i bc b c b b d-i
B2 0.74 £3.97 0.07+0.19 0.08+0.17 4,18 £0.08 6.28 £0.06 0.00+0.00 0.77+4.33
e-i bc b c b b e-i
B3 0.73+3.37 0.05+0.16 0.08+0.20 4.18+0.08 6.28+0.06 0.00+0.00 0.77+3.65
f-i bc b c b b f-i
B4 0.73+4.01 0.06+0.14 0.06+0.18 0.05+0.13 6.28+0.06 0.00+0.00 0.82+4.33
e-i bc b c b b e-i
B5 0.74 £3.64 0.09+0.41 0.11+0.59 0.27 +£0.97 0.28 +0.73 0.00+0.00 0.90+6.60
f-i abc ab a a b def
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Table 2. Comparison of the mean (£SE) of the two-way effect (Cultivars at different doses of SA and
JA) on pest developmental stages in year 2022

Characteristics

g @
w 2 Total
< @ First-stage  Second-stage  Third-stage  Pupa No. Pest exit mature
Z E Egg No.
= S larva No. larva No. larva No. hole No. stages
&) = No.
1.04 £5.60 0.09+0.24 0.14+0.28 0.10+0.19 0.06 +0.11 0.00+0.01 1.2346.26
B1 .
e-i bc b c b ab d-h
0.94 +8.15 0.13+0.34 0.08 +0.20 0.11+0.26 0.05 +0.10 5.23+0.01 1.01£8.74
B2
cde abc b c b ab cd
Al 1.3046.39 0.11+0.26 0.10 +0.18 0.06+0.15  0.05+0.10  0.00£0.01  1.3746.95
B3
def abc b c b ab c-f
0.64+4.99 0.12+0.44 0.11 +0.33 0.1040.19 0.07+0.12 5.2340.01 0.7545.89
B4 . .
e-i abc b c b ab d-i
B5 1.01+6.85 0.16+0.58 0.16 +0.43 0.16+0.33 0.09 +0.14 0.0040.01 1.17 £8.23
def abc ab bc b ab cde
0.43 +2.01 0.03+0.08 6.28+0.06 3.14+0.03 5.23+0.01 0.00+0.00 0.47 +2.11
B1 . .
ghi bc b c b b hi
B2 0.47+1.56 0.03+0.08 6.28 £0.06 3.14+0.03 5.23 +0.01 0.00+0.00 0.51+1.62
i bc b c b b i
A2 B3 0.56 +2.95 0.04+0.09 0.06+0.15 0.02+0.05 0.02+0.03 0.00+0.00 0.63+3.29
g-i bc b c b b f-i
B4 0.72 £+2.16 2.09+0.05 6.28 +0.06 3.14+0.03 5.2340.01 0.00+0.00 0.74 £2.19
ghi c b c b b ghi
0.82 +4.61 0.09+0.22 0.07 £0.16 0.02+0.05 5.23 +0.01 0.00+0.00 0.89 £5.09
B5 . ;
e-i bc b c b b d-i
B1 1.07 £5.77 0.04+0.13 0.08+0.29 0.11+0.34 0.0740.13 0.00£0.00 1.25 +6.51
e-h bc b bc b ab d-g
0.80 £5.75 0.04+0.10 0.08+0.25 0.12+0.31 0.07 £0.13 0.00+0.00 1.02+6.60
B2 .
e-i bc b bc b ab def
0.89 +5.43 6.28+0.06 0.09+0.27 0.09+0.21 0.07 £0.13 0.00+0.00 0.95+5.92
A3 B3 - -
e-i bc b c b b d-i
0.74 +4.72 0.06+0.15 0.06 +0.18 0.08+0.20 0.07+0.13 0.00+0.00 0.85+5.16
B4 . -
e-i bc b c b b d-i
0.75 +6.16 0.10+0.28 0.20+0.53 0.13+0.32 0.10 £0.21 0.00+0.00 0.99+7.55
B5
efg abc ab bc b b c-f

* Means within a column followed by the same letter do not differ significantly (Tukey’s test, P < 0.05)
Al= Amigdalipholia, A2= Kalamata, A3= Fishomi; Bl= JA1+SAl, B2= JA1+SA2, B3= JA2+SAl,
B4=JA2+SA2, B5= Control; 1=JA 1 mg/L, SA 1 Mm, 2=JA 2 mg/L, SA 2 Mm
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Table 3. Comparison of the mean (xSE) of the two-way effect (Cultivars at different doses of SA and

JA) on total phenol, chlorophyll, and carotenoid content in olive oil in the two experimental years

2021-2022
Year Cultivars Treatments Characteristics
(A) (B) Total phenol Chlorophil Carotenoid
(mg/kg Galic acid) (mg/kg) (mg/kg)
Al B1 392.00+0.57 h 7.57+0.01 0 4.33+£0.00 q
B2 407.00+1.00 g 9.13+0.00 i 4.58+0.00 p
B3 439.00+1.00d 9.77+0.00 g 5.87+0.01 de
B4 451.33+1.33 ¢ 10.25+0.01 d 5.95+0.01 ¢
B5 227.33+0.66 p 6.19+0.00 s 1.85+0.00 w
A2 B1 277.66+1.45 mn 5.94+0.00 t 5.78+0.00 fg
o B2 289.00+1.00 | 6.35+0.00 r 5.91+0.00 cd
S B3 307.33+0.66 k 7.44+0.00 p 5.12+0.01 |
o B4 324.33+0.66 | 8.53+0.00 | 5.26+0.01 j
B5 232.00+0.57 p 3.58+0.00 v 3.75+0.00 t
B1 211.00+0.57 g 8.18+0.00 n 5.03+0.01 mn
B2 216.00+1.00 q 8.56+0.01 | 4.02+0.01 s
A3 B3 256.00+1.00 o 9.27+0.01 h 4.32+0.01 q
B4 274.00+0.57 n 9.88+0.01 f 5.77+0.01 g
B5 128.33+3.75s 7.00+0.01 g 2.87+0.01 u
Al B1 428.33+0.66 8.88+0.00 j 4.84+0.00 0
B2 456.33+1.20 ¢ 9.96+0.01 e 4.98+0.00 n
B3 483.00+0.57 b 10.22+0.01 d 6.13+0.00 b
B4 512.00+0.57 a 10.48+0.01 b 7.06+0.00 a
N B5 256.00+1.00 o 6.36+0.00 r 4.20+0.00 r
I A2 B1 281.33+0.66 m 5.66+0.00 u 5.47+0.00 f
B2 352.00+£1.52 i 6.19+0.01 s 5.64+0.01 h
B3 417.00+1.00 f 9.85+0.01 f 5.05+0.00 m
B4 456.00+1.00 ¢ 8.81+0.00 k 5.12+0.00 |
B5 178.66+0.66 r 2.93+0.00 w 2.80+0.00 v
B1 227.00+1.00 p 9.78+0.00 ¢ 5.21+0.01 k
B2 254.00+1.150 9.89+0.01 f 5.15+0.01 |
A3 B3 283.00+1.00 m 10.35+0.00 ¢ 5.78+0.01 g
B4 293.00+1.52 | 10.74+0.01 a 5.83+0.01 ef
B5 116.33+1.451 8.29+0.01 m 2.78+0.01 v

* Means within a column followed by the same letter do not differ significantly (Tukey’s test, P<0.05)
Al= Amigdalipholia, A2= Kalamata, A3= Fishomi; Bl= JA1+SAl, B2= JA1+SA2, B3= JA2+SAl,
B4=JA2+SA2, B5= Control; 1=JA 1 mg/L, SA 1 mM, 2=JA 2 mg/L, SA 2 mM
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Table 4. Comparison of the mean (£SE) of the two-way effect (Cultivars at different doses of SA and
JA) on total phenol, chlorophyll, and carotenoid content in olive oil extracted from pest-infested fruits

in the two experimental years 2021-2022

Year Cultivars Treatments Characteristics

(A) (B) Total phenol Chlorophil Carotenoid
(mg/kg Galic acid) (mg/kg) (mg/kg)

Al Bl 315.00+£0.57 ¢ 8.19+0.00 p 3.82+0.00 p

B2 346.33+0.88 f 9.65+0.00 k 4.11+0.00 n
B3 389.33+1.20 d 10.23+0.00 h 4.94+0.01 gh

B4 409.00+0.57 ¢ 10.76+0.00 e 5.08+0.00 f

B5 168.33+0.33 0 6.68+0.00 t 1.65+0.00y

A2 Bl 224.33+0.66 | 6.22+0.01 u 5.36£0.01 ¢

- B2 235.33+0.88 k 6.87+0.00 s 5.47+0.01 b
S B3 255.33+0.88 j 7.92+0.00 q 4.86+0.01 i
o B4 286.66+0.88 i 8.89+0.00 o 4.91+0.00 hi
B5 90.00+£0.57 r 3.91+0.00 x 3.25+0.00t

Bl 181.00£1.00 n 9.62+0.01 k 4.06£0.01 0

B2 190.00+1.00 m 9.43+0.01 m 3.60+0.00 r

A3 B3 231.00+0.57 k 9.75+0.01 j 2.78+0.01v

B4 237.00+0.57 k 10.12+0.01 i 4.68+0.00 k

B5 96.33+1.85q 7.50+0.01r 1.76+0.01 x

Al Bl 347.33+£1.20 f 10.17+0.001i 3.86+£0.01 p

B2 361.33+0.66 e 11.32+0.00 ¢ 4.24+0.00 m

B3 418.00+0.57 b 11.85+0.01 b 5.28+0.00 d

B4 437.33+0.88 a 12.44+0.01 a 6.33+0.01 a

PN B5 169.66+0.33 0 9.29+0.00 n 2.85+0.00 u
8 A2 Bl 233.33+0.88 k 6.06+0.00 v 4.96+0.00 g
B2 295.33+0.66 h 6.73+0.01t 5.23+x0.01 e

B3 356.00+0.57 e 10.14+0.01 i 4.62+0.01 |

B4 388.00+1.15d 9.28+0.00 n 4.73+0.00 j

B5 114.66+0.33 p 4,73+0.00 w 2.53+0.01 w
Bl 189.00+1.00 m 10.54+£0.001 g 4.09+0.00 no

B2 237.00+1.00 k 10.63+0.01 f 3.71+0.01 g

A3 B3 219.00+£1.001 11.22+0.01 d 3.55+0.01s

B4 231.00+£1.15 k 11.26+0.01d 4.73+0.01j

B5 90.00+3.60 r 9.51+0.02 | 1.60+0.00 y

* Means within a column followed by the same letter do not differ significantly (Tukey’s test, P<0.05) Al=
Amigdalipholia, A2= Kalamata, A3= Fishomi; B1= JA1+SAl, B2=JA1+SA2, B3= JA2+SAl, B4=JA2+SA2,
B5= Control; 1=JA 1 mg/L, SA 1 mM, 2=JA 2 mg/L, SA 2 mM
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Aed 5 (SA) Sl sl 487 0558 g0 w5 505 58 S8 s G b Sl onkes ysba lagaly ol sl (S S50 5 o lasd 5
o oade Cuslie b b e ziw SA s (Wasternack & Song, 2017) wyls 0T s ege i85 (JA) &S5 soml
(e o 2B o gde 358 oo Jlab (Bl T 5 05155 olS 4 grnly 53 okes 5 bty JA 5ot O i 5 55 sloy ol 50
BT ¢l 51 4 fly s 1 I s 25 0 ) 5 S sl 5lize (265 g5 Ll 5 0 JA 5 SA (ol s 0 3, 55
Oljon 455 4 5 0555 Glas ockeld Ll S ol ) Clnnd 15 (5,805 gy Ll 5 o (S (3 Lolnb oS (55 gt 0315 ot
(Yang et al., 2019; Li et al., 2019; Gilroy & Breen, 2022) s ls Kews 3 5,8 0loj 5 ke (23T &

Sl ails (6,8 b a8 el 53 (S5 Slajled )3 05 ) oge o Re ar (ST Oln 4555 DL e ol
ST Jlsgne LialS Eel SA 5 IA gla,les By o35 Jole 3 e o i 5 5oV ol e Comex RS s bales
sdalio SA Vo deo Y +IA 2l/p S e ¥ 5les 55 (ST pals o 2iy it dald 4 S 3T (st o1 e ples
GEa) 5 osme AS G S s T & Caglie Ll Bl s SR osdhe badwl cpl 6810 3 587 sy Ogn s L Ad
Fardmasoud ) &,1s sl 5l) (o b 5 ((adid) (a0 6,1 55 Cute 51 55 OVl 5 &Sl sl ¢ ST I 58 il 31 Asle
(et al., 2024a; Fardmasoud et al., 2024b

Helicoverpa I, ,» (Arachis hypogaea Linnaeus (Fabales: Fabaceae)) el Gl Caslin o
(SA) Sdedl el 5 (JA) &K poml el sla,les 31 eslizul L armigera (Hubner) (Lepidoptera: Noctuidae)
03 st 5 BB I S el SBL 53 Sl e cpslie (Sa 55 45 313 DU Canglie Sogline s b oS 55 )3
rmen 3 0l Dl Al o g G55 58 Slagely (pl nils 4 66 ST plie Olje 5 (£85 Slag T
(Akbar et al., 2012) ws e H. armigera s s 1o, 2als 4 Colg 5o & Ad silis| 5T ‘5uﬁﬂ Wl

ar g oy Lol LOT oS 5 iz en 5 2165 & (ET) olst 5 (JA) S5 penle ol o jles Calibes slac ke 56
Frankliniella occidentalis (Pergande) (Thysanoptera: S & ww s by 55 Wb ol Coaglis i3l
L OLLE Jlas s s 1) 53 Jsa oo /0 5 2 3 Jse e Y o & ET 5JA (ol g slacbale .oz Thripidae)
13 gnn osb 4 5 i ST I8 L U s dle Calibes (o 5T (bl 55 Sl as Sl ok & s ET 5 JA
(Jiaetal., 2022) 51> _zals | L;)\.lf(..;a S i 5 Rl ol Ol L;)ufr,'; 5 e o0

Spodoptera ) ol Ll eS oS Y s o3 s 53 0 Shadle denl 5 Ssanle Al 56 adllas
S50l 4 o 2o Fb &S o o ge el 53,2 47 51> Ol (frugiperda (Smith) (Lepidoptera: Noctuidae)
L)Y 55 a7 dlab 5 055 il 3l ¢ Slaodis S o il g 8 BB 6 5T ol (65058 5 by s 0ks
S aglie Sl 53 Y a n VSl o 51 Y g e ) ST sl dod (3L 2l ol OLE 1 dis L
o 53 5 b ST plie 5 (23 (ST p (emdads Gla s p Bl o lgBa S penle dol 3 ) 50
JI e 4 &S5 palar il bli 1 G o5l Olojod 5 oo b dwl 55 8 (85 Ll s 3T 1 55 Cuglas il 3l
Aphis 3l b (55, Shdle doal 5 &G sanlr ol 25 0a 5 aallas (Kanwal et al., 2024) us Crnds SIS
Lema decempunctata Gebler (Coleoptera: LJ 8 ,, <K s 5 gossypii Glover (Hemiptera: Aphididae)

dewl 3 150 pam 53 457 31> Olzs Lycium barbarum Linnaeus (Solanaceae) s, =5 oS > Chrysomelidae)
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4 (ST 5 o b 3 (28l bzt 4 (ST 51 ey 0T Ol 5 03,8 5k s (lim 25 &Sl
L sl ails Sy 15 or (A SAHIA LS 5 ol pl ol 0L (6,8 i (il (JA) &S5 salr ol Ol oo &S0 g
01 Saa s ol b (Liuetal,, 2025) 505 0l 5 3T 68 4 (S 355 st Lol (o 0L (mdly it 1 Jil
Syl Clle Jiagh ol laasl L

o g oS (el oS b o65 (lansilSe D Jlab o iasOLES ok Lot (sloo goo 53 OIS (ST 5 IS J3 13
JA slssles (Medjkouh et al., 2016) 545 s 055 050 oo 4 Cunglin obly il 3l 5 S3T & ST doys JralS
o 55 ki 55558 5 s IS RIS S i ) (8 DS S e s SSST3 (os (sl s 15 0 SA
o300 3L 3> 263 Jleb JSealy A 5 5 (st B b b G b Sl s el oS (g 5 amdy 3 g Lol o
L e (Koo et al., 2020; Zhang et al., 2025) 18" ¢SS 6T L2 b ablie 3 0T SUlg5 5 C3T Camer 2ol &
S Ll b 4t L5 oo 5 ol ($5ledlab Olo 5 e @ sl 5 by 13 S JA 5 SA (Sla s o ol il
(Hou & Tsuda, 2022) ol olS sl gl Sk 5 £ 0T 0 o 475,80 555 4 ol 3len b (206,

93 Sy SLaIUSS ) 5 ST 5 Ol ls e Sil 3l ol SA 5 JA Olosen sbasles o8 313 Ol g ol ol
IS e ¥ ol L UISAT 135 55 550,08 5 ST 5 Olge o e o Aiks dals 4y Sl Ciliie 6 (slae 5
5 8IS palie sy dals 1 5V ools cxe ssb 4 odd Sles Slao s 55 ST 5 Ol .kt otalie SA JY 4o Lo ¥ JA
P28l sl sl 5o e s 55,8

534 LT 5l b ks odalie o en (ST St 28l ¢ GlnSTI ST Slab 5 ST I8 Ol (231 L Ole e
Ot socion (Sean o 3 o3 plowl Slaai3 b (5525050 e S Sism ST b dad o ool Sl aiT Siass ol
el o T 53 iy Sl i3T5 la gy i3l o alaly 60 Ol ey Gl jon (ol oS ol 43,55 S 0 Lay 5556 !

4 b Ly 50 Il ekiaslis Llg e 03T (slao g izl Al by 53 Jbs IS sddedalie il
2 e b (S s 53 b ol S S 25 S Ol gt 3T ST sl ogoe (S, T3 (b s J35 45
Jos 4 el ol b s UK 51 gy a0 b IS IS Ol n p s 53 5 bl ol o355 4 i b o o (ST i (5l s
L3l OT 385 Glayl855ke Al 5 350 ks Blaml b b 4Bl cpl catn cpl 53 aions 555050 5 Aalpd 030 3 90ms
el oSS plas g 5 5 58 Sl e,

L5 oo sl 53 SA SIA Gls s Ol b (S ludlnd &S 515 0L (Long et al., 2022) o1, 5 Y slaasl
U1 odbly g DS ol ph g e 53 LS 5 g5 5 lukis S e I 4 oS S sl e g len o
A 5L 5 ode s Ectropis grisescens Warren (Lepidoptera: Geometridae) sls i 458, 3T 2220 kg
03258 U e Ol o (§5ludlad ¢ filie 55 . ols SRl 31 ()15 gne ) sba Apanteles sp. (Hymenoptera: Braconidae)
S5 tuoles ol el JS 5 sbay s SA ol sl dl)lsﬂ\fjw}?uT%,ﬁJA YL bl ;s
S o b olE gl Lol ) Sl gl (s3luangs 5315 (263 Gl e
Joo) lacy 15 S (1 Ssl 3 2 4 e Ll ks (ST o 305 0L 035 0 oS0 Dbt adlllae ol
L o850 Gl 5SS oS 358 Sk (ool 55 ok 5 0ge B SLS 5 55 padeiie Sl ek 5 (s sl sl Gt
%uﬁ}wm’\)dwwrﬁ4;1}:64a,«.ﬂ,gésQ\.;,-u:{‘pig6,|4€§¢‘@\ﬂu{.4ﬁ;@,|;,;‘ug.z:
55 Skl deal 5 &S ganlor Al 51 e3lizul s (Valencic et al., 2020) 1™ o oS Cooglio 1 ged O o
Drosophila suzukii (Matsumura) o s Ko 4l 53 sslill ¢ b 5 (Chardonnay and Pinot Noir) il « 515 55

1 b, Sl B 5 LS5 (5 Ol g5 BB b 4 bawl ol 8L gl &5 515 0L (Diptera: Drosophilidae)
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Abstract

In this study, the impact of the simultaneous foliar application of salicylic acid (SA) and jasmonic
acid (JA) was assessed on phenolic compounds, chlorophyll, carotenoids, and infestation rates at various
developmental stages of the olive fruit fly (Bactrocera oleae). This evaluation were conducted across
three olive cultivars, including ‘Amigdalipholia’, ‘Fishomi’, and ‘Kalamata’, at the olive research
station orchard loctated in Rudbar, Guilan Province, over two experimental years (2021-2022). The
experiment was carried out using a factorial design that incorporated cultivar, treatment, and year. The
treatments included jasmonic acid at concentrations of 1 and 2 mg L', paired with salicylic acid at 1
and 2 mM, in addition to an untreated control. Fruit samples were collected at various growth stages,
and infestation levels were documented at the egg, larval instars, and pupal stages. The application of
the higher doses of both acids resulted in the most significant increase in total phenolic content,
chlorophyll, and carotenoids in healthy fruits. For the infested fruits, this treatment also caused a notable
decrease in infestation during the immature stages of the pest. Among the cultivars examined,
‘Amigdalipholia’ exhibited the most pronounced response to the treatments applied. A negative
correlation was noted between the rise in phenolic and antioxidant compounds and the infestation by the
olive fruit fly, indicating that the enhancement of these biochemical traits may aid in fruit resistance.
The results of this study suggest that the combined use of SA and JA is an effective environmentally
friendly strategy for improving host resistance and managing olive fruit fly populations in olive
orchards.
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