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1- Approximate digestibility

2- Efficiency of conversion of ingested food
3- Efficiency of conversion of digested food
4- Relative consumption rate

5- Relative growth rate

P Camer Wby 9 () Sdamil e
s SBOL 0 (59 HUI elfyf

L 5 55 0593 (535 s (Sla0l a6 sy (61
(35 ade A sl E. ceratoniae L Jl e sl s
4.3 A D) 5ot (el YF I oS ae J b L) (s
og 3 (2B f b el e o 1y op B Js
A Do b Ls Jite o gumn s £ 5 53 5 0L
log,¥ gl 5 285 J15 cuyp 500 Ay Sy 4
4 by o Gladmial 5 5 o 985 Ol 43 595 €5 O ot
Sl 5 0 pid e g)¥ o3 slaoygs Jgb Aile AL 1 e
S e 55 DS b e pl k3 S 2 0T
b Wkl S ¢ ol St gl 31y 3Ll
S b aesle 5 5 i g o 9T WS (gl otalis
Jsb 35 5 05 €3S (glansss sl ks Jie (5,8 055
S 5 o Wiy oo el 5 5 JalS Dl i jes
aolsl JolS Sl oy 5T 65 0 Olaj B sy ol s
S5 Jpde S5 gl ks S glaesls I s b
) glos Lol i b gy &STBI s b zole T . aslizu
$039% 93 70 E O i Cushy (smdis a5 Y
el (Soob el ) olbs) Sl VF ()5
S99 2610l ol o 5 (Sla a5 (S ol adfliae
izt SBOL 0

E. Glads sljesls o, 8ojlul ke
sde Frosldw daobe I &K s (g5, CEratoniae
S b s a4 o8 Do se w poler e s0Y
GMe 5t s bOLje os Sl G sl
wdis 3l da s J8 lagy¥ 0 o Lds Jize o gias
059 5 olile Bl e O codd esls lde O
o) 85 L) Jhaws 65l 3l eslimal b Y g

COmar e S L Sy S e ar ail g Do (p S



00 VEe s Ol oY oyle PP il (g5 55LS” ke aloes) (S 30lE

030zl b b jlas 1 Kke (oDl 5 s oslizl (ANOVA
dops gy Jlazl mlaw s HSD) S5 05051 s )
o &l (SPSS, 2007) <55 5 sy 3yse
SOk glacdse S S hs o BN 5 (Soes
Slagasly 5 (S5 ol pge Glaemial p b Calotne
A 3biial O gy S 03051 316645 0 57 (gl s
(Caltes GOb e ey S 5 shie 4 (SPSS, 2007)
L) Glemialp sl (185500 2S4S
S stz b oS (87 ladis laatls 5 Comer
s by &) o Ward 35, 4 SPSS 16.0 153l 5

o ploil EXCRl 1l 5 5l aalizul b s )15 50

Pl

ol gl p 57 Curozr Ay 9 () Samwl B

liseo SBOL w0 (59 S
5l 5 585 0y53 dsb s sla0bje ST b
oli 03,51\ Jsd> > E. ceratoniae apu J=1 e sl
(i sleyss Jsb 4 by e slaSibac Bl
Ol S sls Ol W8S 65 S s 5 Y
B ($0393 3513 35 aliea SAOU ey (15 s
iy 3 i ()l e sk 4 plsl Ol (535 o088 o S
o053 2FSVsb 5 pFbS rmer g WOL

el sty ol 5 o ge SIS (55 5 4 )Y

ST SB Slgom m

O B S me Sl eslial b J8 DS 5 (sl e
S o3l gl VP 2 ge Jgb 53 0T e s
(Tezcan etal., 2009) > 4
S il gt Slgine omsd

(PH) s bnsd D 5 b S il 8T el
DYsat12Y0 LIS ety 3L Jols 6 5L el 55 53
O3 PH=¥/0 s Sl e 5L s pH=¥ 5 pH=\ s
LSl gl Ve s 0V (lagse Jsb
(Wrolstad et al., 2005)
Wodls 4 i

SIS 505 Sl § ) akeT Cows 4 pls (slaosls
TWOSEX-MS ij3la 5 3f aslizal L U1 o 8 o 5
355 s S5 g (Chi, 2020) s 4 ;> Chart
Ve Ly sy 5l (S5 Jadr sl 3
bl st izren (Chi, 2020) o oslizd S
S 53 0g03T 5 oslizal b (315 go> glaeminl § o
s Jle o ) (paired bootstrap test)  zulc 5
Sl li 4 by e laosls 035 oy i duglie Aoy
SOk ghocd g sl S35 5 3T slag,¥ (sladis
A s ) 35 8l S 0503 b s el
ol bl el sawlie g (SPSS, 2007)

one-way ) a4k ¢ wbols s 3l dadoad

Ectomyelois ceratoniae (s 9 (s Slas+:uSilo) Egb 3 8 iliseo ! 0090 Jab (895 il SBOb w0 §1-1 Jgoe
Table 1. Effect of various hosts on duration of immature stages (mean+SE) and survival of Ectomyelois ceratoniae

Host Egg incubation  Larval period  Pupal period De_velopment Pre_-adult
(day) (day) (day) time (day) Survival (%)
Peanut 5.44+0.06 a 31.18+0.25cd  8.29+0.08a  44.94+0.27bc  0.69+0.05 cd
Apple 4.41+0.06 e 30.28+0.31e  7.45+0.17c  42.31+0.37e  0.69+0.05 cd
Artificial diet 4.18+0.06 f 18.3440.14 i 6.3310.10d  28.83+0.18g  0.79+0.04 abc
Date 4.45+0.08 de 29.05+0.21f  7.73+0.21bc  42.21+0.89 ef 0.90+0.05 a
Fig 4.61+0.06d 33.15+0.23a  6.53+0.11d  44.37£0.25cd  0.74+0.04 bed
Olive 4.89+0.05 ¢ 32.84+0.33b  7.55%0.20c  45.24+0.35b  0.72+0.07 bed
Orange 5.30+0.06 ab 31.63+0.22¢c  8.10+0.09ab 44.99+0.26 bc  0.65+0.05d
Pistachio 4.0310.04 g 27.27£0.159  6.36+£0.08 d 37.52+0.21f  0.76+0.05 bcd
Pomegranate 4.01+0.03 g 24.74+0.15 h 5.92+0.07 e 34.68+0.19 f 0.83+0.04 ab
Quince 4.95+0.06 ¢ 30.91+0.18de  8.15+0.13ab  44.02+0.21d  0.67%0.05 cd
Walnut 5.26+0.06 b 33.01+0.22ab  8.09+0.08ab  46.34+0.21a  0.68%0.05 cd

Means followed by different letters in each column are significantly different (Paired bootstrap test, P< 0.05).
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Figure 1. Age-specific survival rate (Ix) and age specific fecundity (mx) of the carob moth, Ectomyelois

ceratoniae on various hosts
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Ectomyelois ceratoniae

Table 2. Effect of various hosts on reproduction period, fecundity and adult longevity (mean=SE) of

Ectomyelois ceratoniae

Host TPOP Oviposition Fecundity Female adult Male adult
(day) period (day) (offspring) longevity (day)  longevity (day)

Peanut 46074042bc  354+0.17de  34.90+1.93de 4.99+0.19d 4.70+0.17d
Apple 43674043d 3524021 def 29.28+2.32e 5.19+0.30 cd 4.60+0.24 de
Artificial diet 29.84+0.23h 475+0.17b  86.59t6.21a 6.50+0.18 b 4.95+0.27 cd
Date 4190+0.28 ¢ 463+042bc  5054+5.75bc  6.11+0.51 bc 6.70£0.99 a
Fig 46.10+0.28 b 447+020bc  50.23+2.14c 6.10+0.23 bc 5.71+0.18 b
Olive 4578+051bc  3.29+0.22ef  2951+1.33e 4.86+0.27 de 4194017 f
Orange 46.20+0.31b 3.20£0.19ef  36.86+2.83d 4.80+0.28 ¢ 4.2140.16 ef
Pistachio 38.90+0.25 f 4.38+0.14bc  61.19+1.75b 6.3810.19b 5.58+0.21 bc
Pomegranate 35.75+0.29 ¢ 5.69+0.17a  90.69+2.30a 7.09+0.18 a 5.93+0.16 b
Quince 4521+0.25¢ 299+0.19f  35.16+9.61de 4.33+0.23 ¢ 3.86+0.19f
Walnut 47.30£0.31a 3.9040.19cd  40.16+290cd  5.33+0.19cd 4.62+0.22 de

Means followed by different letters in each column are significantly different (Paired bootstrap test, P< 0.05).
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Table 3. Effect of various hosts on life table parameters (mean+SE) of Ectomyelois ceratoniae

Host _Ro r A T
(offspring per adult) (day™) (day 1) (day)

Peanut 12.23+1.99 de 0.052+0.003 de  1.053%+0.004 de  48.31+0.46 b
Apple 9.88+1.72 ¢ 0.049+0.003 e 1.051+0.004e  45.84+0.39d
Artificial diet 38.94+5.55a 0.113+0.005 a 1.120+0.005a  32.22+0.30 h
Date 24.04+4.79 bc 0.071+0.004 ¢ 1.074+0.005¢c  44.47+0.34 ¢
Fig 18.85+2.84 cd 0.060+0.003 d 1.062+0.003d  48.60+0.27 b
Olive 10.35+2.28 ¢ 0.048+0.004 e 1.049+0.005e  47.58+0.53 bc
Orange 11.53+2.11e 0.050+0.004 e 1.051+0.004e  48.57+0.38 b
Pistachio 22.13+3.37 ¢ 0.075+0.004 ¢ 1.077+0.004 ¢ 41.33+0.24f
Pomegranate 36.26+5.01 ab 0.093+0.004 b 1.097+0.004 b  38.52+0.28 g
Quince 10.26+2.04 ¢ 0.049+0.004 e 1.050+0.005e  47.12+0.27 c
Walnut 15.07+2.42 cde 0.054+0.003 de  1.056+0.003 de  49.59+0.38 a

Means followed by different letters in each column are significantly different (Paired bootstrap test, P< 0.05).
GRR, the gross reproductive rate; Ro, the net reproductive rate; r, intrinsic rate of increase; A, finite rate of

increase and, T, mean generation time.
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Table 4. Effect of various hosts on the nutritional indices (meanSE) of Ectomyelois ceratoniae

Host AD (%) ECI (%) ECD (%) RCR (g/g/day) RGR (g/g/day)
Peanut 94.99+0.14d 256+014ef 269+015d 263+0.097d  0.065+0.004 de
Apple 95.42 +0.82 bed 225%0.12 ef 236+0.12d 345+0.163bc 0.076 = 0.005 bed
Avrtificial diet 89.55+0.32f 7.60+024a 852+0.29a 1.33+£0.045f 0.099 £0.003 ab
Date 9251+024¢e 353+023d  381+025c 177+0068ef 0.061+0.004 def
Fig 96.14+014abcd 264+013ef 275+014d 283+0.151dc 0.072+0.005cd
Olive 96.75+0.09 ab 101+0.10g 105+£0.10e 4.08+0.186b 0.039+0.005f
Orange 97.39+0.07a 113+008g 116+0.08e 627+0.270a  0.069+0.007d
Pistachio 96.52+0.18abc  569+030b  591+033b 217+0.105de  0.119+0.007 a
Pomegranate 95.19+0.19cd 442+0.15c 465+016c 216+0.109de  0.094 +0.006 bc
Quince 96.24+0.17abcd 182+0.16gf 190+0.17de 3.79+0.332b  0.063+0.006 de
Walnut 0539+024bcd 269+030de 283+029d 181+0.091ef  0.044+0.004 ef

Means followed by different letters in each column are significantly different (HSD; P< 0.05).
AD= approximate digestibility; ECI = efficiency of conversion of ingested food; ECD = efficiency of conversion of

digested food; RCR = relative consumption rate; RGR = relative growth rate.



X VE o Okl oY oyle PP il (g5 55LiS” ke aloms) (S 30lE

Rescaled Distance Cluster Combine

CASE 0 5

Label o ———— o ———— o ————— o ———— Fommm———— +

Peanut —
Quince —
Orange — Al
Walnut
Apple —

Olive ]
Date — A2
Fig
Pistachio —

Artificial diet—
Pomegranate -

(5293k (HLL S50 Slod 9 9 093) (TN J9ur Sldasminl p Sl » ilise SO w0 P19 -F O
AL g ol ol SIAE s (H33L) STaE S as Ly 9 (Curexr (I Bl SIS &5 5 Jandy AL &5

(Ward gy 4) Calisee SOl o (595 43 b y9 » Ectomyelois ceratoniae ( oms &b
Figure 2. Dendrogram of different hosts based on life table parameters (development time,

fecundity, net reproductive rate and intrinsic rate of increase) and nutritional indices (efficiency of
conversion of ingested food and relative growth rate) of Ectomyelois ceratoniae reared on various

hosts (Ward’s method)
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Table 5. Some biochemical characteristics (mean+SE) of various hosts

Host Total protein Carbohydrate Total phenolic Total anthocyanin
content (mg/mL)  content (mg/mL)  content (mg/mL) content (mg/L)
Peanut 0.139+0.001d 230.67+232f 277.84+436¢e 18418 +2.12¢
Apple 0.039+0.000 h 24533+2.72e  314.28+264d 23959+ 1.72¢
Artificial diet 0.22+0.001 a 47433+1.90a 85.08+1.72 71.27+042i
Date 0.048 + 0.000 g 45367+261b  24348+150¢g 14317+ 261f
Fig 0.142 + 0.000 d 269.67+143d  210.28+2.14h 120.50+0.61 h
Olive 0.084 +0.000 f 92.33+1.22j 468.28+2.32a 29349+195a
Orange 0.043+0.001 gh 212.33+3.099g 335.08+2.14c 207.31+£2.85d
Pistachio 0.191+0.001 b 349.01+1.93¢c  217.88+4.32h 130.64 £2.03 g
Pomegranate 0.123+0.000 e 102.23+0.65i 174.68 £ 1.41i 176.83+2.89¢
Quince 0.038 +0.001 h 192.01+£180h  37348%206b 266.91+1.63b
Walnut 0.182+0.001c 214.01+143g  257.48+1.85f 150.34 + 2.33 f

Means followed by different letters in each column are significantly different (HSD; P< 0.05).
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Table 6. Correlation coefficients (r) of some life history parameters and nutritional indices of
the carob moth with some biochemical traits of various hosts

Parameter

Total protein

Carbohydrate

Total phenolic

Anthocyanin

Development time
Fecundity

Ro

r

ECI

ECD

RGR

-0.510 (0.109)
0.569 (0.068)
0.555 (0.076)
0.593 (0.055)
0.723 (0.012)
0.716 (0.013)
0.434 (0.182)

-0.460 (0.155)
0.327 (0.327)
0.442 (0.173)
0.514 (0.106)
0.662 (0.026)
0.674 (0.023)
0.413 (0.207)

0.750 (0.008)
-0.833 (0.001)
-0.850 (0.001)
-0.843 (0.001)
-0.865 (0.001)
-0.863 (0.001)
-0.673 (0.023)

0.561 (0.072)
-0.668 (0.025)
-0.712 (0.014)
-0.709 (0.015)
-0.787 (0.004)
-0.785 (0.004)
-0.536 (0.089)

* Correlations were evaluated based on Pearson’s correlation test (P < 0.05).
The number in parenthesis is P value.
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Abstract
Background and Objectives
The carob moth, Ectomyelois ceratoniae Zeller (Lep.: Pyralidae), is a polyphagous and
destructive pest that causes considerable damage to various crops worldwide both before
and after harvest. Host plant resistance is a critical component of integrated pest
management and can be beneficial when used in conjunction with biological and
chemical pest control approaches. The host type has a substantial effect on the biological
characteristics and population growth parameters of E. ceratoniae. The purpose of this
contribution is to evaluate the impact of eleven hosts, including peanut, apple, date, fig,
olive, orange, pistachio, pomegranate, quince, and walnut, on the life history and
nutritional indices of this pest.
Materials and Methods
The carob moth larvae were reared on each plant host in a growth room set at 30 + 1 °C,
60 + 5 % RH, plus a 14:10 (L:D) hour photoperiod. Daily observations and records were
made of the duration of each stage, developmental period, and survival rate. TWO SEX-
MSChart was used to evaluate the raw data based on the age-stage two-sex life table.
Additionally, hosts' phytochemical metabolites were measured using a
spectrophotometer. Correlations between demographic factors and nutritional properties
with biochemical features of various hosts were then estimated.
Results
The results indicated that various hosts substantially affected E. ceratoniae's
demographic characteristics and nutritional indices. On walnut and artificial diets, the
immature development period was the longest and shortest, respectively. Additionally,
the intrinsic rate of increase (r) of E. ceratoniae was lowest on quince, orange, apple,
olive, and highest on an artificial diet. Compared to larvae fed on other hosts, larvae
reared on an artificial diet had the highest efficiency of conversion of ingested food (ECI)
and efficiency of conversion of digested food (ECD). Furthermore, larvae-fed pistachio
had a greater relative growth rate (RGR) than other tested hosts. The cluster analysis
findings revealed that pomegranate and artificial diet treatments were relatively
vulnerable hosts, whereas quince, orange, apple, and olive were the least suitable (most
resistant) hosts for E. ceratoniae feeding. Significant variations in biochemical
metabolites were observed between the various hosts in this study. Moreover, significant
positive or negative associations between life history variables and nutritional indices
plus biochemical features of various hosts were found. A significant negative correlation
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was observed between total phenolic content and total anthocyanin content of different
hosts and E. ceratoniae fecundity, net reproductive rate (Ro), intrinsic rate of increase (r),
the efficiency of conversion of ingested food (ECI), and relative growth rate (RGR).
Discussion

The findings may provide essential information for a better understanding of plant-
herbivore interactions, which may aid in the development of effective integrated pest
management (IPM) strategies for E. ceratoniae control.
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