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Introduction: The two-spotted spider mite, Tetranychus urticae Koch
(Acari: Tetranychidae), is one of the most destructive and polyphagous
arthropod pests worldwide, infesting a wide range of agricultural,
horticultural, and ornamental crops. This pest is widely distributed
across Europe, America, Africa, and Asia, including Iran. Feeding by
T. urticae occurs mainly on the abaxial surface of leaves, where mites
pierce plant cells and suck out their contents, often producing dense
webbing. These activities result in chlorotic spots, reduced
photosynthetic capacity, and significant yield losses in many
economically important crops. The biological characteristics of T.
urticae, such as a short life cycle, high fecundity, rapid population
growth, and remarkable ability to develop resistance to acaricides,
make its management particularly challenging. Among environmental
factors, temperature plays a crucial role in determining the
development, survival, longevity, and reproductive potential of
poikilothermic organisms such as insects and mites. Developmental
rates of T. urticae are generally negatively correlated with temperature
within a specific range, while exposure to low temperatures may
induce diapause in adult females.Life table analysis is a powerful
quantitative tool for describing population growth potential and
demographic performance under different environmental conditions.
Parameters such as net reproductive rate (R;), intrinsic rate of increase
(r), mean generation time (T), and age-stage specific survival and
fecundity provide valuable insights into population dynamics.
Knowledge of temperature-dependent biological parameters on
different host plants is essential for predicting population outbreaks
and improving integrated pest management (IPM) strategies.
Therefore, the present study aimed to evaluate the effects of different
constant temperatures on the biological and demographic parameters of
T. urticae reared on two economically important host plants, cucumber
(Cucumis sativus L., cv. Emperor) and squash (Cucurbita pepo L., cv.
Seminis), using the age—stage, two-sex life table approach.
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Materials and Methods: Mite Collection and Colony Establishment: Populations of 7. urticae
were collected from infested leaves in greenhouse crops around Yasuj County, Iran. The samples
were transferred to the Plant Protection Laboratory, Faculty of Agriculture, Yasuj University,
where a pure colony was established. Mites were reared under controlled conditions at 25 + 1°C,
65 * 5%relative humidity, and a photoperiod of 16:8 h (L:D) in a growth chamber.

Experimental Design: The effects of temperature on the biological parameters of 7. urticae were
evaluated at six constant temperatures: 12.5, 15, 20, 25, 30, and 35°C, with relative humidity
maintained at 65 + 5%and a photoperiod of 16:8 h (L:D). Experiments were conducted using the
leaf-disc method in a completely randomized design. Leaf discs were cut from fresh cucumber or
squash leaves and placed on a moist cotton layer inside disposable plastic Petri dishes. A narrow
strip of cotton was placed around each leaf disc to prevent mite escape. One freshly laid egg of the
same age was transferred to the center of each disc using a fine brush. Leaf discs were replaced
weekly to maintain leaf freshness and avoid nutritional degradation.

Data Collection and Analysis: Mites were observed daily under a stereomicroscope to record
developmental duration of each life stage, survival, longevity, and daily fecundity until death. Life
table data were analyzed using the age—stage, two-sex life table theory (Chi, 2013) implemented in
the TWOSEX-MSChart software. The following parameters were calculated: age—stage specific
survival rate (Sy;), age—stage specific fecundity (fy;), age—stage specific life expectancy (ey;),
age-stage reproductive value (V, ), age-specific survival rate (), age-specific fecundity (m,), net
reproductive rate (R,), intrinsic rate of increase (r), finite rate of increase (A1), and mean
generation time (7).

Results and Discussion: This study evaluated the effects of two constant temperatures (30 and
35°C) on the individual life-history traits and demographic parameters of the two-spotted spider
mite, Tetranychus urticae Koch, on cucumber (Cucumis sativus L.) and squash (Cucurbita pepo
L.) using the age—stage, two-sex life table method. The results indicated that temperature and host
plant significantly influenced immature developmental duration, adult longevity, fecundity, and
population growth parameters. Overall, increasing temperature from 30 to 35 °C resulted in a
reduction in immature developmental time and adult lifespan, while developmental and growth
rates increased. This trend was observed on both host plants; however, the magnitude of these
effects was host-dependent. The shortest immature developmental period and total pre-oviposition
period (TPOP) were recorded at 35°C, reflecting accelerated development under higher
temperature conditions. In contrast, the longest adult longevity, fecundity, and total lifespan were
observed at 30°C, indicating a physiological trade-off between rapid development and
reproductive performance. The net reproductive rate (Ry) and finite rate of increase (A) reached
their highest values at 30 °C on both host plants, whereas the intrinsic rate of increase ® was
greater at 35 °C, suggesting enhanced instantaneous population growth potential at elevated
temperatures. The age—stage specific survival rate (Syj), age-specific survival rate (l.), age—stage
life expectancy (eyj), and age—stage reproductive value (Vyj) curves demonstrated that females at
middle ages, coinciding with peak oviposition, made the greatest contribution to future population
growth. Differences between the findings of the present study and those reported in previous
research may be attributed to variations in host plant species, ecological conditions, and
intraspecific differences among geographically distinct populations of 7. urticae.

Conclusion:The results of this study clearly demonstrated that temperature significantly affects
the biological and demographic parameters of 7. urticae on both cucumber and squash hosts.
Developmental time of immature stages decreased with increasing temperature, reaching the
shortest duration at 30°C, while extreme temperatures negatively affected survival and
reproductive performance. The highest values of population growth parameters, including net
reproductive rate and intrinsic rate of increase, were generally observed at 30°C, indicating that
this temperature provides optimal conditions for population growth of 7. wrticae. Differences
observed between host plants suggest that host quality interacts with temperature to influence mite
performance. Overall, these findings provide essential baseline data for predicting population
dynamics of 7. urticae under different thermal conditions and can contribute to the development of
more effective temperature-based forecasting models and integrated pest management programs.
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Table 1. Evaluation of the effects of temperature on the developmental time of different life stages of 7. urticae on
cucumber and squash hosts

Cucumis Cucurbita
Stage 30°C 35°C 30°C 35°C
Egg 4.240.5b 2.9+0.03a 4.24+7.8b 2.8+0.12a
Larva 2.1+6.4a 4.1£0.04b 2.03+£5.07a 2.3+8.9b
P. Nymph 3.6+6.7a 4.8+5.01b 2.03+£5.07a 2.03 £8.3a
D. Nymph 3.9+5.3a 4.3+9.8b 2.3549.05b 1.94 £0.12a
Adult 17.1£0.9b 8.1+0.3a 4+0.23b 3.14+0.21a
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Table 2. Estimated life table parameters of 7. urticae on cucumber (Cucumis sativus L.) and squash
(Cucurbita pepo L.) at 30 °C and 35 °C

Cucumis Cucurbita
Parameter
30°C 35°C 30°C 35°C

Development time (Days) 24.6+12a 14.2+1.06 b 12.5+0.14 a 9.9+0.15b

APOP (Days) 0 0 0 0
TPOP (Days) 13.1£7.7b 16.2+9.3 a 10.75+0.1 a 8.9+0.2 b
Adult longevity (Days) 17.1+09 a 8.1+03 b 4+0.2 a 3.140.2 b
Total life span (Days) 24.6x12a 14.2+1.06 b 12.3£0.4 a 9.3+0.4 b
Fecundity (eggs/female) 1142435 a 30.3+1.7b 173£1.1a 9.9+0.15b
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Table 3. Evaluation of the effects of temperature on population growth parameters of
T. urticae at different temperatures

Cucumis Cucurbita
Parameter
30 35 30 35

GRR (Female offspring) 92.26+0.50° 33.35+0.87° 75.73+1.79° 29.28+1.55°
R, (Female offspring) 52.34+6.04° 9.48+1.53° 39.23+1.05° 16.01+0.86°
r (Day™) 0.189+0.32° 0.110+0.16° 0.199+0.01° 0.127+0.30°

A (Day™) 1.20+0.062° 1.11+0.09° 1.19+1.76° 1.13+1.10°

T (Day™) 24.64+1.22° 14.25+1.06" 12.5+0.14% 9.99+0.15°
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Fig. 1. Age-stage specific survival rate (Sxj) of 7. urticae at the studied temperatures on cucumber
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Fig. 2. Age-stage specific survival rate (Sxj) of 7. urticae at the studied temperatures on squash
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Fig. 3. Age-specific survival rate (Ix), age-stage specific fecundity (fxj), and age-specific fecundity
(mx) of 7. urticae at different temperatures on cucumber
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Fig. 4. Age-specific survival rate (Ix), age-stage specific fecundity (fxj), and age-specific fecundity
(mx) of 7. urticae at different temperatures on squash
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Fig. 5. Age-stage specific life expectancy (exj) of 7. urticae on cucumber
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Fig. 7. Age-stage specific reproductive value (vxj) of 7. urticae at different temperatures on cucumber
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Fig.8. Age-stage specific reproductive value (vxj) of 7. urticae Koch at different temperatures on squash
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