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Table 1. Mean (xSE) survival percentage and different developmental stages of Trogoderma granarium on seed
of different rice cultivars

Parameters Cultivar

Hashemi Sadri Nemat Shafagh Khazar Tisa
Immature 84.74+4.00b 96.15+2.00a 84.48+4.00b 8333+400b 8196+4.00b 92.59+3.00ab
survival (%)
Egg incubation (day) 6.47+ 0.07 ab 5.55+ 0.07 ¢ 6.29+ 0.06 b 6.60+ 0.06 a 6.57+£0.06 ab 5.72+0.08 ¢
Larval period (day) 40.66+0.27 b 36.44+0.25d 39.67+0.26 c 4124+ 0.29ab 42.02+0.25a 36.87£0.25d
Pupal period (day) 6.00+ 0.09 bc 4.90+0.08 d 5.73+0.09 ¢ 6.20£0.08ab 6.42+0.08a  5.00+0.08 d
Developmental 5344 +0.28b 46.88+0.26d 51.79+0.26c 54.22+032b 5528+0.26a 47.42+0.24d
time (day)
Fecundity (eggs per 51.40+1.79abc 59.64+1.93a 54.20+2.19ab 49.88+167bc 4752+1.65¢c 57.52+2.06a
reproductive day)
Oviposition 512+0.21b 6.00+0.21a 540+0.25ab 4.96+0.20b 4.72+0.18c 5.76+0.23a
period (day)
TPOP (day) 55.12+0.40b 49.04+040d 53.32+041c 55.80+0.56a 56.84+0.39a 49.32+0.37d
Female 8.04 £0.18 bc 8.96+0.25a 8.28 £ 0.23 ab 7.80+£0.18bc 7.60+0.19c 8.84+0.23a
longevity (day)
Male 8.56+0.18bc 9.44+027a 8.79+0.21ab 816+0.17cd 7.80+0.17d 9.321+0.25a
longevity (day)

Mean values in a row followed by different letters are significantly different (P < 0.05) according to paired-bootstrap test. The bootstrapping with
100,000 replications was used to estimate the variances and standard errors.

TPOP: Total pre-oviposition period.
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Table 2. Mean (+SE) population growth parameters of Trogoderma granarium on seed of different rice cultivars

Parameters Cultivar

Hashemi Sadri Nemat Shafagh Khazar Tisa
Ro (offspring) 21.77+340a 28.67£4.23 a 2336 £3.64a 20.78+3.24a 19.47 +3.06 a 26.62+4.01a
r (day?) 0.0533+0.002¢ 0.0643+0.002a 0.0560+0.002b 0.0519+0.002c 0.0500+0.002c 0.0626 + 0.002 ab
A (day™?) 1.054 £0.002 b 1.066 + 0.003 a 1.057£0.003b 1.053+0.002b 1.051+0.002b 1.064 +0.003 a
T (day) 57.77+£0.44b 52.14+0.41d 56.22 +0.43 ¢ 58.38+0.49ab 59.32+042a 52.37+£0.40d

Mean values in a row followed by different letters are significantly different (P < 0.05) according to paired-bootstrap test. The bootstrapping
with 100,000 replications was used to estimate the variances and standard errors.
Ro: net reproductive rate, r: intrinsic rate of increase, 4: finite rate of increase, T: mean generation time.



W VEY Okl oY o yle FF e (g5 55LST ode alons) (S50l 8

Hashemi
1 4 r 18
0.8 - 1
—— L 12
0.6 A —a— fx
e mx -9
0.4 A —— [{x}*mix)
]
02 - L3
0 T T T T - 0

_ Sadri
Nemat -~
1 4 - 18 1 r 18
3
—
= 15 i - 15 N
o 08 08
E g
d F12 F 12 5
= 05 0.6 W
— 0 —
- 9 L h
-g 04 4 0.4 4 . %
L& L
= =
02 4 02 A | =1
N -3 3 o
o
0 . P b 0 0 . . ; — ) 0 =
0 10 20 30 40 30 0 70 0 10 20 30 40 50 & 70
s gh Tisa
1 1w B 1 [
08 - 13 05 | - 15
L 12 |
06 - 06 | 12
- 9 | 9
04 4 |
L6 04 L
02 1 -3 02 - L,
0 . . . . Lo 0 . . . Nl o
0 10 20 30 40 50 &0 70 o 10 20 30 10 so s0 70
Age (day)

413 (59, Trogoderma granarium (Mx) w $059 S3971513 9 (fxj) Ao o —cow S059 6397815 «(Ix) Shoowij &5 -1 s

& Ao £

Figure 1. Survival rate (Ix), age-stage specific fecundity (fx)) and age-specific fecundity (mx) of Trogoderma
granarium on seed of different rice cultivars
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Table 3. Mean (£SE) some physical and biochemical traits in seed of tested rice cultivars

Parameters Cultivars

Hashemi Sadri Nemat Shafagh Khazar Tisa F df P

Protein content (mg/ml)  0.53+0.00a 0.53+0.00a 0.50+0.0lab 0.53+0.00ab 0.44+0.04b 0.46+0.00ab 466 5,12 <0.05
Starch content (mg/ml) 37.77+£0.19b 4295+0.23a 43.62+0.19a 4354+0.19a 25.79+0.32¢ 3856+0.21bh 87951 5,12 <0.001
Moisture content (%) 10.59+0.61ab 6.09+0.31b 1259+1.18a 12.60+0.85a 16.05+1.25a 11.92+227ab 6.87 5,12 <0.003
87.27+054a 90.25+230a 84.26+1.69a 86.07+156a 80.50+2.88a 85.16+1.61a 291 5,12 0.060

The values in a row followed by different letters are significantly different (P < 0.05) according to Tukey test.

Hardness index (%)
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Abstract
Background and Objectives
Rice (Oryza sativa L.) is one of the most important cereal grains and serves as a staple food for
nearly half of the world’s population. Trogoderma granarium Everts (Coleoptera: Dermestidae),
commonly known as the Khapra beetle, is a significant pest that infests stored grains and other
stored products in various countries worldwide, including Iran. The pest's polyphagous nature and
high ability to survive for extended periods without food necessitate using chemical fumigants to
control T. granarium in storage facilities. However, the serious adverse effects of these insecticides
on humans and the environment render it imperative to explore alternative pest control approaches.
One of the best safe options is using resistant cultivars in integrated pest management programs.
Insect-plant interactions and the resistance of various cultivars to herbivorous insects can be
studied by insects’ life history and population parameters.
Materials and Methods
The resistance and susceptibility of six commercial rice cultivars (Tisa, Khazar, Shafagh, Sadri,
Nemat, and Hashemi) to T. granarium were determined by analyzing the life history and
population growth parameters of the pest. The seeds of tested rice cultivars, which have a large
cultivation area in Iran, were obtained from the Agricultural and Natural Resources Research
Center (Gilan province, Iran). The initial colony of T. granarium was obtained from the laboratory
of Department of Plant Protection, University of Mohaghegh Ardabili (Ardabil, Iran), and was
reared in groups on wheat seeds (as the main host). The adult insects obtained from the primary
colony were transferred to the seeds of tested rice cultivars (20 pairs on each cultivar), and were
reared as a group for two generations. Then, the eggs (1-day-old) laid on each rice cultivar were
used for the experiments. The beetle rearing and all experiments were carried out in a growth
chamber set at 33 £ 1°C, 65 + 5% RH, and 24 h darkness. Subsequently, the raw data obtained
from the life history of T. granarium on various rice cultivars were analyzed with TWOSEX-
MSChart software using an age-stage, two-sex life table model.



Results

The study results indicated that immature survival rate on cultivar Sadri was higher than on the
other tested cultivars. The incubation period was longer on cultivar Shafagh than on cultivars Sadri
and Tisa. The shortest larval, pupal and the entire immature periods were observed on cultivars
Sadri and Tisa, and longest on cultivar Khazar. The beetles raised on cultivar Khazar took
approximately eight days longer to complete their development than those on cultivar Sadri. The
fecundity of T. granarium (number of eggs laid by each female) on cultivars Sadri and Tisa was
significantly higher than on cultivar Khazar. The longest oviposition period was observed on
cultivars Sadri and Tisa, and the shortest on cultivar Khazar. The longevity of female and male
adults was longest on cultivars Sadri and Tisa, and shortest on cultivar Khazar. The intrinsic rate
of increase (r) was highest on cultivar Sadri and lowest on cultivars Hashemi, Shafagh, and Khazar.
Additionally, the finite rate of increase (1) was higher on cultivars Sadri and Tisa than on the other
tested cultivars. The longest mean time generation was observed on cultivar Khazar and the
shortest on cultivars Sadri and Tisa.

Discussion

One of the reasons for the rapid development and high survival of T. granarium on cultivar Sadri
may be the high protein content of its seeds, which has provided sufficient energy for the immature
stages' rapid growth. However, the amount of protein and starch in cultivar Khazar is lower than
in other cultivars, which may be a factor in this cultivar's resistance to T. granarium. Our results
indicate that Sadri and Tisa are the most susceptible cultivars to potential population increase of
the pest because the highest values of r and A are on these two cultivars. However, owing to the
highest values of r and A on cultivars Hashemi, Shafagh, and Khazar, they are the most resistant
cultivars to T. granarium. Consequently, resistant cultivars can be used in the genetic engineering
of plants to minimize the damage caused by this key pest.
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