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Table 1. Effect of various cereal hosts on duration of immature stages (day) (mean+SE) and survival of

Ephestia kuehniella

Host (cultivar) Egg incubation  Larval period Pupal period Development Immature
time survival (%)
Wheat (Aftab) 3.09+ 0.03 de 41.56+0.26 € 9.72£0.11¢g 54.40+0.28 f 0.72+0.06 a
Wheat (Paya) 3.13+£0.04 de 4159+ 0.27 ¢ 10.01+ 0.13 f 54,78+ 0.32 f 0.69+0.06 a
Wheat (Meraj) 3.07+0.03e 43.09+ 0.27d 10.44 +0.13¢ 56.60+0.31¢ 0.83£0.05a
Barley (Oxin) 3.20+£0.05d 47.09+0.27b 11.50+0.15bcd  61.76 £0.33 ¢ 0.70+£0.06 a
Barley (Faraz) 3.57+0.07 bc 47.21+0.29b 11.63+0.13 bc 62.42+0.30c 0.72£0.06 a
Barley (Fardan) 343+£0.05¢ 4746+ 024 b 11.37+£0.15 cd 62.2+0.29¢c 0.72+0.06 a
Rice (Hashemi) 3.07£0.03 e 41.02+0.12¢ 10.13+ 0.12 ef 54.25+ 0.19 f 0.75+ 0.06 a
Maize (Hybrid 704) 3.07+£0.03¢ 41.56+0.18 ¢ 10.22 £ 0.11 ef 54.82+0.24 f 0.83£0.05a
Sorghum (Spidfid) 3.72+0.06 b 50.22+0.30 a 11.86 +0.16 ab 65.81+0.34b 0.59+0.06 b
Rye (Danko) 3.50+£0.06 ¢ 4473+ 0.37¢ 11.11+ 0.15 de 59.33+0.45d 0.75+0.06 a
Millet (Morvaridi)  3.91+0.03a 50.52+0.17a 1212+ 0.11 a 66.57+£ 0.19 a 0.70+ 0.06 a

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 mediteranean flour moth,
Ephestia kuehniella on various cereal hosts
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Ephestia kuehniella
Table 2. Effect of various cereal hosts on reproduction period, fecundity and adult longevity (mean£SE)

of Ephestia kuehniella

Host (cultivar) APOP TPOP Oviposition Fecundity Female adult Male adult
(day) (day) period (day) (offspring) longevity (day)  longevity (day)
Wheat (Aftab) 1.05+0.02d 55.45+0.32 f 5.28+0.28 bc 104.79+5.35¢ 7.95+0.46 bc 6.20 + 0.33 bcd
Wheat (Paya) 1.10+0.03d 55.99+0.60ef 5.57+0.29ab 11.44 +7.06 bc 7.71+041d 6.47 £ 0.28 abc
Wheat (Meraj) 1.07£0.03d 57.36+0.52e 6.27+0.26a 126.62+7.34ab 846+0.32abc 6.75+0.32ab
Barley (Oxin) 147+012ab 63.11+045c 4.47+0.31cde 86.14+5.01d 5.99 + 0.46 cd 5.48 + 0.35 def
Barley (Faraz) 131+0.12abc 6449+0.35b 3.81+0.23e 65.54 + 3.48 ef 6.13+0.33 cd 5.07 £ 0.26 efg
Barley (Fardan) 131+ 0.12abc 63.81+0.43bc 4.38+0.28 de 74.64 + 4.63 de 6.94+0.51cd 5.74 £ 0.29 cde
Rice (Hashemi) 1.10£0.09cd 5541+031f 540+0.27b 110.72+5.95bc 8.85+0.70ab 6.48 + 0.34 abc
Maize (Hybrid 704) 1.03+0.04d 55.65+0.40 f 6.26 +0.26 a 136.18 +7.36 a 9.56 +0.59 a 7.33+0.36a
Sorghum (Spidfid)  1.31+0.13abc 67.38+0.46a  3.92+0.33de 55.29 +5.61 f 6.01+0.60d 4.83 +0.26 fg
Rye (Danko) 126 £0.09bc 60.52+0.73d  4.48+0.16cd 84.93+4.42d 7.26 £ 0.36 cd 5.37 £ 0.31 def
Millet (Morvaridi)  1.61+0.14a 68.07+0.38a 3.84+0.27¢ 49.10+£2.92¢g 6.07 £0.56 d 421+0.189g

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 cereal hosts on life table parameters (mean+SE) of Ephestia kuehniella

Host (cultivar) GRR Ro. " A 1 T
(offspring) (offspring) (day™) (day™ (day)

Wheat (Aftab) 56.43 + 5.31 abc 31.41+6.47abcd  0.059 +0.004 abc 1.060 + 0.004 abc 58.37 +0.40¢e
Wheat (Paya) 55.71+4.17 abc 26.71 + 6.47 bed 0.055 + 0.004 bcd 1.057 £ 0.005 bcd 58.83+0.61¢€
Wheat (Meraj) 88.41+8.17 a 46.33+8.32 ab 0.063 + 0.003 ab 1.065 + 0.003 ab 60.68 +0.59d
Barley (Oxin) 58.87 + 5.68 abc 27.34 +5.39 bed 0.050 £ 0.003 cdef =~ 1.051+0.003 cdef  65.49+0.41c
Barley (Faraz) 36.78£3.79¢ 17.47 +3.81 de 0.042 + 0.003 efg 1.043 + 0.004 efg 66.61 +0.38 b
Barley (Fardan) 48.57+4.49 abc 19.90 + 4.42 cde 0.045 + 0.004 defg 1.046 + 0.004 defg  66.08 + 0.49 bc
Rice (Hashemi) 62.87 +5.86 ab 36.92 +7.02 ab 0.062 + 0.003 abc 1.064 + 0.004 abc 58.29+0.36 €
Maize (Hybrid 704)  79.61+6.81 a 52.20 +9.01a 0.067 + 0.003 a 1.069 + 0.003 a 58.74+0.39 e
Sorghum (Spidfid) 39.29+3.22 bc 11.98+3.19¢ 0.035 + 0.004 fg 1.036 + 0.004 fg 69.57+0.54 a
Rye (Danko) 73.89+5.06 a 32.53+5.61 abc 0.056 + 0.003 bc 1.057 + 0.003 hc 62.29+0.72d
Millet (Morvaridi) 31.69+3.56¢ 10.64 £2.70¢€ 0.033+0.004 g 1.034 £ 0.004 g 70.21+050a

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; 4, finite rate of increase and, T, mean generation

time.



N VE Y Oltans ) Foylad PO o (55,558 cale dons) Ko 50l

Dendrogram using Ward Method

Rescaled Distance Cluster Combine

CASE o] 5 15 20 25
Label fomm fomm fomm o o +
Oxin -1

Rye — a1 2

Faraz —|—‘

Fardan —

Millet —T——— a2

Sorghum —

Meraj —T— Bl B

Maize —

Aftab — BZ

Rice ——

Paya —

&9, Ephestia kuehniella (5053 Jus (gbvasminl B Slas p Cilisen SBOL w0 il 4 355 3 Jol> pl Fgjmin -F <o

O Lalisee p B!

Figure 2. Dendrogram of different hosts based on life table parameters of Ephestia kuehniella on various

cereal hosts
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Table 4. Some physical (%) and primary biochemical (mg/ml) characteristics (mean + SE) of various cereal

hl—?;s (cultivar) Humidity Hardiness index Total protein Carbohydrate
percentage content content

Wheat (Aftab) 1150+ 0.29 ab 44.67 + 1.42 hc 0.502+ 0.004 a 421+0.18c
Wheat (Paya) 10.33£0.17 bc 34.05 + 0.68 def 0.498 £+ 0.008 a 4.08+0.08¢
Wheat (Meraj) 11.33+£0.60 ab 37.13 £ 0.21 cdef 0.505 £ 0.009 a 521+£0.09b
Barley (Oxin) 10.83 £ 0.83 abc 40.59 + 1.82 bcde 0.480 + 0.006 b 2.76£0.09d
Barley (Faraz) 10.67 + 1.45 abc 42.73 + 1.24 bed 0.462 + 0.003 ¢ 217+0.11d
Barley (Fardan) 10.50 + 0.29 abc 42.55 + 1.99 bed 0.455 +0.007 ¢ 2.28+0.04d
Rice (Hashemi) 1250+ 0.29 a 30.77+045f 0.284 + 0.004 f 5.81+0.07 ab
Maize (Hybrid 704) 9.07+044c 54.23+1.38a 0.235+0.004 g 6.02+0.14a
Sorghum (Spidfid) 9.50+0.29 bc 32.88+0.43 ef 0.376 £ 0.001d 2.26+0.03d
Rye (Danko) 10.17 £ 0.44 bc 46.29+1.41 ab 0.512 £ 0.003 a 1.48+0.08¢
Millet (Morvaridi) 9.17+0.73 ¢ 28.52+0.54 f 0.341+0.001 e 1.33+£0.23¢
ANOVA F=261 F=17.98 F=934.79 F =208.68
(df =10, 22) P =0.0294 P <0.0001 P <0.0001 P <0.0001

Means followed by different letters in each column are significantly different (HSD; P< 0.05).
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Table 5. Correlation coefficients (r) of some life history parameters of Ephestia kuehniella with some

physical and biochemical traits of various cereal hosts

Humidity percentage Hardiness index  Total protein content  Carbohydrate content

Paramete

Development time -0.392 (0.024)
Fecundity 0.263 (0.139)
Female longevity ~ 0.225 (0.209)
Ro 0.216 (0.227)
Im 0.340 (0.053)

-0.310 (0.079)
0.369 (0.035)
0.329 (0.061)
0.489 (0.004)
0.450 (0.009)

0.012 (0.946) -0.834 (0.001)
-0.095 (0.598) 0.895 (0.001)
-0.355 (0.042) 0.890 (0.001)
-0.173 (0.336) 0.818 (0.001)
-0.049 (0.785) 0.824 (0.001)

* 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 Mediterranean flour moth, Ephestia kuehniella Zeller (Lepidoptera: Pyralidae), is one of
the world’s most significant pests of stored products. E. kuehniella eggs and larvae are widely
used in rearing parasitoids and predators for biological control programs. The purpose of this
study was to look at the effects of various cereal hosts and cultivars, including wheat (Meraj,
Paya and Aftab cultivars), barley (Oxin, Faraz and Fardan cultivars), rice (Hashemi cultivar),
maize (704 Hybrid), sorghum (Spidfit cultivar), rye (Danko cultivar) and millet (Morvaridi
cultivar) on life history variables, biological characteristics and population growth parameters
of E. kuehniella. In addition, biochemical (protein and starch contents) and physical (humidity
and hardiness index) characteristics of the cereal hosts were evaluated to understand any
possible correlation between important demographic parameters and biochemical and
biological features of the cereal hosts.
Materials and Methods
The E. kuehniella larvae were reared in a growth chamber at 26 + 2°C, 60 + 5% RH, and a
photoperiod of 14:10 (L:D) hours on each cereal host. The duration of each stage,
developmental period, and survival rate were observed and recorded daily. TWOSEX-MS
Chart was used to analyze the life table parameters of E. kuehniella. The biochemical
metabolites of cereals were measured using Bradford’s (1976) and Bernfeld’s (1955) methods.
Results
Our findings showed that various kinds of cereal significantly impact the life history and
demographical parameters of E. kuehniella. The millet host had the longest development time
(66.57 days), while the rice and maize hosts had the shortest on Paya and Aftab cultivars. Total
fecundity (mean number of eggs laid during the reproductive period) of E. kuehniella varied
significantly depending on the hosts tested. The lowest fecundity values were observed on the



millet host (49.10 + 2.92 eggs), while the highest was on the maize host (136.18 + 7.36 eggs).
The maize host had the highest intrinsic rate of increase (0.067 day™), and the millet host had
the lowest (0.033 day?) host. Significant differences in physical characteristics and
biochemical metabolites were observed between the various hosts in this study. Furthermore,
significant positive or negative associations were discovered between different hosts’ life
history variables and humidity percentage, hardiness index, protein, and starch contents.
Discussion

According to the findings, sorghum (Spidfit cultivar) and millet (Morvaridi cultivar) were the
least suitable (relatively resistant) hosts for E. kuehniella growth. In contrast, wheat (Meraj
cultivar) and maize, on the other hand, were the most suitable hosts for the mass rearing of E.
kuehniella.
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