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Abstract

Comparative biological studies based on development, survival, fecundity and life tables' parameters of
Tetranychus urticae were conducted to assay host suitability of some solanaceous and cucurbitaceous
vegetable crops. Survival rates of T. urticae were significantly different on the tested hosts that varied
from 42.86 on pepper to 100% on watermelon. Development periods of larvae, deutonymph and total
immature stages were significantly affected by kind of host plants that the longest times were observed
on pepper. Furthermore, long longevity (13.2-13.9 days) and oviposition periods (11.5-12.3 days) of
females on the cucurbitaceous, stimulate females to deposit large numbers of eggs. The mite populations
could double in 0.423-1.055 days on cucurbitaceous and faster than solanaceous. Highest values for finite
rate of increase (A) (7.82 individual/day), net productive rate (Ro) (72.95 egg/female), and intrinsic rate
of natural increase (rm) (2.055 offspring/female/day) were observed on watermelon. So cucurbitaceous,
especially watermelon have high host suitability to T. urticae.
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Introduction
Vegetable crops are considered as essential food resources for human consumption that belong
to more than thirteen botanical families. Families of Solanaceae and Cucurbitaceae are the
most important families that ranks among the highest of plant families for number and
percentage of species used as human food such as eggplant (Solanum melongena), peppers
(Capsicum sp.), Cucumber (Cucumis sativus) Watermelon (Citrullus lanatus) 31,
Vegetable plants are attacked by several pests [, among those obstacle arthropod pests is
phytophagous mite (Arachnida: Acari) that is causing various types of remarkably injuries and
consequently affect the crop production -8l Mites of Family: Tetranychidae are considered as
common plant feeder of Actinedida that exists in fields and greenhouses of vegetable crops
throughout the world -1,
Two-spotted spider mite (TSSM), Tetranychus urticae Koch (Acarina: Tetranychidae) is
worldwide polyphagous and economically important agricultural pest that feed on more than
900 host plants 2 in greenhouses and open field (1. Moreover it was described as a serious
pest on 150 economically important host plants, most of them are vegetable crops [ 5161, The
TSSM feeding causes significant damage for cells and tissues of plants that destroy mesophyll
tissue and chloroplasts. Then photosynthesis declines, stomata close, and transpiration
decreases, leading to reduced crop production [71. Unless controlled, this mite may cause
severe damage to yield quantity and quality [*8l. To establish successful management tactics
against the spider mite, biological traits related to growth, fertility, reproduction and mortality
of population should be achieved [,
On the other side, each nutritive and toxic constituents and morphology of host plants are
considered as limiting factors for accepting the two-spotted spider mite by host plants [20: 2L 221,
which varied among host plant species and varieties [2%l. These characteristics depend on plant
genotype, pest species, and the interactions between both 4. Relative susceptibility or
preference of the host plants can be determined by considering developmental duration and
survival of immature stages of the pest, and oviposition and longevity of its mature stages 2>
27]
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However, preferences, development and reproduction of the
mite differ not only among plant species but also on different
cultivars of the same plant species 2830, Although the TSSM
has a short lifespan, very rapid population growth, high
fecundity and long adult survival B3, The quality of the host
plant affects the life-history traits of TSSM such as intrinsic
rate of natural increase, generation time, doubling time, and
finite rate of increase 132 331,

Life table parameters of the mite were considered as an
appropriate endpoint to reveal the effect of different host
plants or varieties on the mite 3% 381, The host suitability for
the mite were concerned on strawberry cultivars [36-31:
different bean varieties B%; okra % soybean cultivars [,
Phaseolus vulgaris; Capsicum annuum; Cucumis sativus ©4;
watermelon cultivars 1, eggplant; pepper and tomato 2.,
Although, the biology of the two-spotted spider mite affected
by resistant solanaceous plants 31, the biology and life table
of T. urticae on the pepper and eggplant plants has been rarely
investigated [“4 451 Furthermore, each of Cucumber and
watermelon hasn't received adequate attention like other host
plants. Thus, current study aimed through same lights on
biological aspects of T. urticae on most common solanaceous
and cucurbitaceous plants, to determine most suitable host
plant for the mite populations' development.

Materials and Methods

Comparative biological study based on fertility and survival
life tables' parameters of the two-spotted red spider mite,
Tetranychus urticae Koch was conducted under laboratory
conditions of Plant Protection Department, Faulty of
Agriculture, Damanhour University, during summer season of
2020.

Cloning initial mite culture

To establish the initial mite culture, adult females of two
spotted spider mite were collected from cultivated fields with
eggplant, pepper, cucumber and watermelon, that located in
Borg-Rashid  village, El-Beheira governorate, Egypt
(31°25°20”N and 30°23°53”E). The infested leaves were
sampled and transmitted to the laboratory that were
investigated later by a stereo microscope to pick the adult
female of the two spotted spider mite by using fine brush and
deposited it on lower surface of clean leaves for same host.
The leaves with maintained mites were placed in petri dish
that was furnished with a wet cotton piece and coated with
filter paper. The maintained mites preserved in controlled
growth chamber (25+2° C, 65+5 RH and 10:14h). The
incubated leaves were replaced day after day with fresh one,
for three sequenced generations.

Mite maintain on the tested hosts and investigations

To study host preference of the two spotted spider mite
toward solanaceous and cucurbitaceous plants, life table
parameters were estimated on middle leaves of four host
plants i.e., eggplant Solanum melongena (Black Baladi
cultivar), peppers Capsicum annuum (Baladi cultivar),
Cucumber Cucumis  sativus  (Salim  cultivar)  and
Watermelon Citrullus lanatus (Skata cultivar). Thus, leaf
discs with diminution 2x2cm were cut from middle region of
tested host leaves. Leaf discs of same host (3-4 leaf discs)
were also placed in the furnished petri dish as previously
mentioned for stock culture, that their upper surfaces down on
water saturated cotton and tissue paper. Four petri dishes were
prepared for every tested host plant. Only one new emerged
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adult female was picked from the reared colony and
maintained on the lower surface of leaf disc to allow the mite
to deposit only one egg on every disc. After egg laying, the
adult female was disposed and the rest of the eggs was
discarded. The discs were investigated every 12h to monitor
egg hatchability, and record the duration and survival of
developmental stages like egg, larvae, protonymph and
deutonymph. Furthermore, survivor and daily egg laying of
adult females were also recorded from the adults' emergence
untill death.

Life-Tables Parameters Estimation

Apparent and real mortality (%AM and %RM), and survivor
rates (Sx) of each developmental stage (Ix) could be estimated
as follow:

% A.M. = dn/ lxn
%R.M. = dxn / Ix1 dx : Number of dead individual in specific
stage dx = la- lx
Sx= (la/ 1x2)*100

Fertility and survival life tables' parameters of the two-spotted
red spider mite were estimated on the tested host plants. Life
table parameters were including age-specific survival rates
(Ix) and average number of female offspring (fecundity) (mx),
net productive rate (Ro), intrinsic rate of natural increase (rm),
finite rate of increase (A), mean generation time (Gt) and
doubling time of population (Dt). Those parameters were
calculated as follow:

mx = number of offspring / number of females
Ro=Z Ix mx

Gt=2x. Ix mx /Ro

rm = (L0g.eR°) /Gt

7\’ — erm

Dt = (Log €?) /rm

Statistical analysis

The obtained biological data (developmental stage periods
and number of deposited eggs) were subjected to statistical
analysis of variance and least significant difference at level of
probability p< 0.05, by using COSTAT (2008) 4] statistical
software.

Results

Survival and morality in immature stages

Although physical rearing conditions of Tetranychus urticae
were convenient for developing the immature stages on the
foliage of the tested host plants, species of host plant had not
only obvious effect on survival but also development time of
the mite. Obtained data in Table (1) and illustrated data in
Figure (1) declared that the survival rates of T. urticae were
significantly different on the tested hosts that varied from
42.86 on pepper to 100% on watermelon. Those variations
may be due to larval stages where larvae survival rates were
also varied 57.14 on pepper to 100% on watermelon. Thus it
was considered as only developmental stage that was affected
by host plant species than others. On contrary, deutonymphs
most survivor stages that could successfully survive on the all
tested host with lowest morality. The morality of all immature
stages of T. urticae was completely non-existent on
watermelon, to indicate that watermelon was the most
favorable host for surviving and development of all immature.
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Developmental durations of immature stages

The tested solanaceous and cucurbitaceous host plants
affected developmental period of some immature stages as
well as generation time of T. urticae, Table (2). The
development times of larvae and deutonymph stages of the
mite were significantly affected by host plants that hadn’t any
significant effects on egg incubation period as well as
development time of protonymph stages. Thus, host effect
extend to total duration of immature stage and then generation
time. The egg incubation periods were nearly similar (3 days)
on the investigated hosts and under laboratory temperature.
On other hand, fastest total development time of immature
stages was observed on cucumber and watermelon host plants
that total immature duration ranged between 9.50 and 10.50
days. Thus, shortest generation time (9.8 days) was also
observed on watermelon while the longest was on
solanaceous host plants (12.6-12.7 days). Variation of total
immature durations were due to effect of host plant kind on
development times of larvae and deutonymph where shortest
durations was noticed on watermelon, while the longest was
on pepper. Thus, cucurbitaceous host plants may save fast
development factors for immature stages of the mite,
especially watermelon.

Adult longevity and oviposition

The investigated host plants were differed in their effect on
life span and adult longevity of T. urticae, Table (3). Longer
life span and adult longevity were observed on leaves of
cucurbitaceous. The life spans were 23.4 and 23.7 days on
watermelon and cucumber, respectively. Unlike the post-
oviposition period, the pre-oviposition (F= 6.151**) and
oviposition (F = 31.515***) durations of T. urticae adults
differed significantly among the four tested host plants.
Furthermore, wide adult longevity (13.9 and 13.2 days
respectively) with long oviposition period (11.5 and 12.3
days, respectively) on cucurbitaceous host plants gave a big
chance to adult females to deposit large number of egg on
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them (81.1 and 70.30 egg/female, respectively). Those
obtained results are in contrast to that was observed on the
solanaceous host plants. Thus, tested watermelon and
cucumber leaves was more suitable for surviving and egg
production of the mite adult females. Finally, daily egg
numbers, deposited by female, didn’t differ significantly
among the four tested host plants.\

Fertility life table parameters

The calculated values of fertility life table parameters of T.
urticae on the four investigated host plants are shown in Table
4., in addition records of daily survival rates and fecundity of
the mite are graphically illustrated in Figure 2. It is clear that
population of the mite with 15-16 individuals could survive
from 26-27 days on the cucurbitaceous host plants, and less
(21 -22 days) on the solanaceous host plants. Wherever,
mains daily egg deposit (mx) of each female along its life
span were higher on the cucurbitaceous than solanaceous host
plants. Wherever daily egg deposit rates were picked earlier
on the cucurbitaceous than solanaceous host plants. Highest
survival rates were not noticed only in immature staged but
also in most adult duration of T. urticae on watermelon.
Furthermore, there were significant differences among values
of net productive rate (R,) and Finite rate of increase (1) that
highest values were observed on watermelon then cucumber.
Wherever, each female of T. urticae may produce nearly 72
and 30 new individuals on those hosts, respectively that added
to the mite population. Thus values of finite rate of increase
(A) were 7.82 and 2.28 individuals/female /day, respectively
to harbor highest value of intrinsic rate of natural increase
(rm) 2.055 on watermelon leaves. Populations of T. urticae
could double in 0.423 days on watermelon and less than
cucumber (1.055 days) and other solanaceous host plants. So
we can conclude that cucurbitaceous host plants, especially
watermelon are more preferred to T. urticae and suitable for
their surviving and reproduction than solanaceous host plants.

Table 1: Egg hatchability and survival rate of Tetranychus urticae immature stages on different solanaceous and cucurbitaceous host plants.

- % Survivor of Immature Stages

Host Plant % Egg Hatchability Larvae Protonymph Deutonymph Egg To Adult
Eggplant 86.67 76.92 90.00 88.89 53.33
Pepper 100.00 57.14 75.00 100.00 42.86
Cucumber 81.25 61.54 87.50 100.00 43.75
Watermelon 100.00 100.00 100.00 100.00 100.00
x2(df=3) 2.96 15.21 3.60 0.95 36.71
P 0.398 0.002 0.308 0.813 5.3%

Table 2: Developmental durations (days) of immature stages and associated generation time of the two-spotted red spider mites as host
preferences indicators.

. . Host plant

Biological parameters Eggplant Pepper Cucumber Watermelon F LSDaos

Egg duration 3.10+0.10 3.10+0.10 3.00£0.00 3.00+.0.00 0.667™ 0.203

Larvae duration 2.80+0.20° 3.40+0.222 2.70+0.15° 2.10+0.10° 9.273*** | 0.501

Protonymph duration 2.80+0.29 3.10+0.18 2.60+0.16 2.40+0.16 2.098" 0.591

Deutonymph duration 2.60+0.162 2.30+0.15% 2.20+0.13° 2.00+0.00° 3.689* 0.373

Total Immature duration | 11.30+0.40® | 11.90+0.41* | 10.50+0.27 9.50+0.22¢ 9.720*%** | 0.956

Generation Time 12.60+0.54% | 12.70+0.42% | 11.20+0.33" 9.80+0.20° 2.081*** 1.128

Each value is mean of 10 replicate + Standard Error (SE)
Column values followed by different letter(s) are significantly different at 0.05 levels. *
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Table 3: Longevities of two-spotted red spider mites and associated egg production on different host plants.

. . Host plant
Biological parameters Eggplant Pepper Cucumber Watermelon F LSDoos
Female life span 19.30+0.42° 19.00+0.76° 23.70+0.65° 23.40+1.042 11.520*** 2.152
Adult Longevity 8.00+0.54° 7.10+0.73° 13.20+0.53% 13.90+0.972 23.722%** 2.058
Pre-oviposition duration 1.30+0.212 0.80+0.13° 0.70+0.15 0.30+0.15¢ 6.151** 0.476
Oviposition duration 5.90+0.61° 5.10+0.71° 11.50+0.50% 12.30+0.80% 31.515*** 1.903
Post-oviposition duration 0.80+0.13 1.20+0.13 1.00+0.26 1.30+0.34 0.917" 0.664
Total Egg Deposit/female 21.10+3.44° 17.90+3.66° 70.30£7.042 81.10+5.922 39.113*** 15.029
Daily Egg Deposit/female 3.90+0.79 4.58+1.69 6.21+0.66 6.83+0.62 1.751" 2.974
Each value is mean of 10 replicate + Standard Error (SE)
* Column values followed by different letter(s) are significantly different at 0.05 levels.
Table 4: Life table parameters of the two-spotted red spider mites as host preferences indicators.
. Host plant 2
Life-table parameters Eggplant | Pepper | Cucumber | Watermelon £ =) P
Initial population size (No. of Individuals) 15 14 16 15 - -
Population life span (days) 21 22 26 27 1.08 0.782
Mean Fecundity (mx) (egg/female/day) 2.61 2.19 5.10 5.40 2.158 | 0.540
Net productive rate (Ro) offspring / female 13.280 7.786 30.098 72.948 84.23 | 3.796°8
Intrinsic rate of natural increase (rm) (offspring/female/day) 0.398 0.218 0.824 2.055 2.35 0.503
Finite rate of increase (A) (individual / day) 1.489 1.244 2.281 7.816 9.01 0.029
Doubling time of population (Dt) (days) 2.184 3.990 1.055 0.423 3.50 0.321
% Apparent Mortality (%AM) % Real Mortality (%RM)
100.00 100.00
80.00 £0.00
60.00 60.00
40.00 40.00
I I 20,00 I 20.00
Deutomymph Praotowymph larvae Egg Deutonymph Protonymph larvae Egg
M Eggplant W Pepper Cucumber ®Watermelon W Eggplant MW Pepper Cucumber B 'Watermelon

Fig 1: Apparent and real mortality of Tetranychus urticae immature stages on different solanaceous and cucurbitaceous host plants.

Discussion

The current study concluded that cucurbitaceous crops,
especially watermelon are suitable for ideal development of T.
urticae depending on biological parameters such as survival
and development of immature stages. Although the survival
rates of T. urticae were varied insignificantly from 55.51 to
83.52% on seven cultivars of eggplant 71, it was significantly
different on the tested hosts. On contrary, survival rates of
egg, larva and egg-adult stages of T. urticae were
significantly different on sixteen strawberry cultivars that
larval stage was also the most sensitive to the resistance
effects of plants so highest mortality occurred in this stage 7],
The sensitivity of larval stage in current and other studies may
due to the presence of components that may have toxic or
anti-digestive effects in the initial stages of herbivores [,
Some defensive  compounds (i.e., capsaicin and
dihydrocapsaicin) in pepper plants can cause mortality in
some immature stages of T. urticae M in addition, hot
cultivars of pepper can cause high mortality in the larval,
nymph and adult stages 9.

The host plant species has significant effect on developmental
time of the immature stages except egg and protonymph
phases which agree with results of Karlec et al. (2016) BT, A
faster developmental time of an arthropod species on its host
indicates higher susceptibility of the host plant 54, Although

total development times of immature stages were higher on
solanaceous host (11.30-11.90 days), closed or lower values
were recorded on eggplant cultivars in India (9.1-11.2 day)
44 sweet pepper (11.7 days) 4, tomato (11.6 days) [28 43I,
persimmon (11.92 days) and pecan (12.98 days) %1, Lowest
value of total immature stages (6.31, 6.06, 6.27, 6.59 and
6.49 days) were also noticed on beans, cucumber, eggplant,
tomato and pepper, respectively by Osman et al. (2019) B4,
The development rate of T. urticae immature stages are
slightly influenced by host plants 5571,

Generation time was also influenced by solanaceous host
species 2 and soybean varieties 2 and it could reach to
13.64 and 13.94 days on soy bean and cowpea leaves,
respectively 8, Thus, life span of the mite is probably longer
on host plants such as soy bean (25.69 days) and common
bean (27.06 days) [°8l,

Although the egg incubation period was nearly stable on the
tested host plants (3 days), it is lasted to 3.93, 3.92 and 3.86
days on eggplant, tomato and pepper, respectively 2. It was
also influenced significantly by eggplant cultivars (3.09 - 4.39
days) 1 or even higher on lower temperature (25+1 °C)
(4.00+0.63 days) B9, Larval duration was also influenced by
host plants of Lycopersicon hirsuturn f. glabratum and
(tomato) L. esculentum while there was no significant
difference in duration of protonymphal stage [°. Observed
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deutonymph durations were also close to obtained values by
Sandeepa et al. ¥ on cranation (2.11 + 0.76 days for male
and 2.80 + 0.63 days for female), and Kasap 4 (2.5 + 0.11
days for male 2.8 £ 0.10 days for female) on apple.

The pre-oviposition period was less than 1.3 days on eggplant
which was related to estimated value by Awad et al. 4 while
it was lower than other solanaceous hosts such as tomato (1.5
days), or pepper (1.08-2.50days) > 471 and cranation (2.0-5.0
days) %  Observed oviposition period on the tested
solanaceous hosts (5.1-5.9 days) was lower than estimated
values on different host plants in other studies such as
eggplant (11.13), tomato (9.93), pepper (8.61) “d soybean
(9.83), peanut (8.88) and common bean (11.63) 8. The
oviposition period was 6.9-12.6 days and the number of
eggs/female was 21.5-55.8 on pepper cultivars 1. Numbers
of deposit egg per female were 27.5 eggs on sweet pepper,
85-276 eggs on tomato, 231 eggs on bean, 124 eggs on
soybean and 172 eggs on cucumber 2 33 281 post-gviposition
period of adult females of T. urticae on tomato, pepper and
eggplants leaves were 2.61, 2.30 and 2.36 days, respectively
142 and on cranation was 1-7 days % while T. Viennensis died
within 1-2 days after the end of oviposition [,

Fertility parameters are used to determine the resistance of
several tomato lines to T. urticae 4. They showed that the rm
value reflects the suitability and unsuitability of the host
plants for mite development. The intrinsic rate of natural
increase (rm) and finite rate of increase (A) were highest for
the mites reared on beans compared with cucumber, eggplant,
tomato and pepper. Both beans and cucumber produced the
highest net reproductive rate, that each female produced 55.65
and 55.45 offspring/female/generation, respectively 4. The
rm value of T. urticae varies between 0.22 and 0.34 in the
optimum conditions and host plants conditions %1, T. urticae,
fed on the seven eggplant cultivars, had rm values ranged
between 0.218-0.269 71 that were close to the obtained
results on solanaceous host plants, while Ro values (26.47—
45.5, respectively) of same author were greater than the
obtained values. While, these values were close to the
findings of Khanamani et al. 4 (0.031-0.157 and 1.5-11.6)
when T. urticae females reared on Indian eggplant cultivars.
No significant differences were observed among the R, values
of the mite on various soybean cultivars 3. According life
table parameters, eggplants can be regarded as a less suitable
host plant to T. urticae compared to beans and soybeans [°6. 41,

Conclusion

Cucurbitaceous host plants, especially watermelon are more
preferred to T. urticae and suitable for their surviving and
reproduction than solanaceous host plants.

References

1. Knapp S, Bohs L, Nee M, Spooner DM. Solanaceae —
Amodel for linking genomics with biodiversity. Comp.
Funct. Genomics 2004;5:285-291.

2. Christenhusz MJM, Byng JW. The number of known
plants species in the world and its annual increase.
Phytotaxa. 2016;61(3):201-217.

3. Rolnik A, Olas B. Vegetables from the Cucurbitaceae
family and their products: Positive effect on human
health. Nutrition 2020;78:110788.
https://doi.org/10.1016/j.nut.-2020.110788.

4. Yasarakinci N, Hincal P. Determming the pestes and
beneficial species and their population densities on
tomato, Cucumber, pepper and lettuce green house in

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

http://www.entomoljournal.com

Izmir. Bitki Koruma Bult.1997;89:37-79.

Erdogan P. Sebze ve yem bitkilerinde gorulen zararllar
ve mucadele yontemleri. Tarla Bitkileri Merkez
Aragtirma Enstitusu Dergisi 2006;15(1, 2):1-10.

Can M, Cobanoglu S. Kumluca (Antalya) ilcesinde sebze
uretimi yapilan seralarda bulunan Akar (Acari) turlerinin
tanim1 ve konukculari uzerinde caligmalar. Akdeniz
Universitesi Ziraat Fakultesi Dergisi 2010;23(2):87-92.
Cobanoglu S, Kumral NA. The biodiversity, density and
population trend of mites (Acari) on Capsicum annuum
L. in temperate and semi-arid zones of Turkey.
Systematic and Applied Acarology. 2016;21(7):907-918.
Basha HA, Mostafa EM, Eldeeb AM. Mite pests and
their predators on seven vegetable crops (Arachnida:
Acari). Saudi Journal of Biological Sciences
2021;28:3414-3417.

Abou-Zaid AM, Bakr EM, Yassin SA, Hameed NA.
Abundance of three sap sucking pests on three eggplant
cultivars with utilization of Phytoseiulus persimilis
Athias-Henriot against Tetranychus urticae Koch control.
Acarines 2012;6:49-53.

Binisha KV, Bhaskar H. Mite fauna associated with
major vegetable crops of Thrissur district Kerala.
Entomol 2013;38(1):47-52.

Maheswary J, Bhaskar H, Gowda CC. Phytoseiid mite
fauna associated with major vegetable crops of Thrissur
District, Kerala. J. Biological Control 2015;29(4):183-
186.

Xie L, Miao H, Xiao-Yue Hong XY. The two spotted
spider mite Tetranychus urticae Koch and the carmine
spider mite Tetranychus cinnabarinus their Wolbachia
phylogenetic tree. Zoolaxa 2006;1166:33-46.

Sonika, Gulati R, Jangara M. Incidence of Tetranychus
urticae Koch on brinjal under field and screen house
conditions. Emer Life Sci Res 2017;3(2):16-22.

Zhang Z. Mites of Greenhouses. CABI Publishing Oxon,
UK. 2003, 244.

Mondal M, Ara, N. Neology and fecundity of Two-
spotted spider mite, Tetranychus urticae Koch (Acari:
Tetranychidae) under laboratory conditions. J. life Earth
sci. 2006;1(2):43-47.

Kavitha J, Bhaskaran EV, Gunasekaran, Ramaraju k.
Evaluation of two acaricdes against Two-spotted spider
mite, Tetranychus urticae Koch on bhendi. J Acarol.
2007;17(1, 2):77-78.

Martinez-Ferrer MT, Jacas JA, Piolles-Moles JL, Aucejo-
Romero S. Approaches for sampling the two spotted
spider mite (Acari: Tetranychidae) on clementinesin
Spain. Journal of Economic Entomology 2006;99:1490-
1499.

Kasap |. Life history of hawthorn spider mite
Amphitetranychus viennensis (Acarina: Tetranychidae)
on various apple cultivars and at different temperature
regimes. Exp. Appl. Acarol 2003;31:79-91.

Ali FS, Afifi AM, El-Saiedy EMA, Ahmed MM. Biology
and Life Tables Parameters of Tetranychus urticae Koch
(Acari: Tetranychidae) and Two Phytoseiid Predatory
Mites on Two Watermelon Cultivars Acarines 2013;7:25-
30.

Hanna MA, Zaher MA, Sawires ZR. Influence of host
resistance on the biology of Tetranychus urticae Koch in
soybean ((Acarina: Tetranychidae). Zagazig j agri. Res
1981,379:1-5.

Warabieda W, Solomon M. Influence of leaf pubescence



http://www.entomoljournal.com/
https://doi.org/10.1016/j.nut.-2020.110788

Journal of Entomology and Zoology Studies

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

on behavior of The two-spotted spider mite (Tetranychus
urticae) and the European red mite (Panonychus ulmi).
acta Agrobot 2003;56:109-115.

Skorupska A. Resistance of apple cultivars to Two-
spotted spider mite (TSSM), Tetranychus urticae Koch
(Acari: Tetranychidae): Part II. Influence of leaf
pubescence on seclected apple cultivars on fecundity of
Two-spotted spider mite. J Plant. Prot. Res 2004;44:69-
74.

Van de Vrie MJ, McMurtry A, Huffaker CB. Ecology of
tetranychid mites and their natural enemies: a review. IlI.
Biology, ecology and pest status and host plant relations
of tetranychids. Hilgardia 1972;41:343-432.

Dent D. Insect Pest Management. Second ed. CABI
Biosciences, Ascot 2000.

Bonato, O, Santarosa PL, Ribeiro G, Lucchini F.
Suitability of three legumes for development of
Tetranychus ogmophallos (Acari: Tetranychidae). Fla.
Entomol 2000;83(2):203-205.

Adango E, Onzo A, Hanna R, Atachi P, James B.
Comparative demography of the spider mite, Tetranychus
ludeni, on two host plants in West Africa. J Insect. Sci.
2006;6(49):1-9.

Sedaratian A, Fathipour Y, Moharramipour S.
Comparative life table analysis of Tetranychus urticae
(Acari: Tetranychidae) on 14 soybean genotypes. Insect
Science 2011;18:541-553.

Atalay E, Kumral NA. Biolocigal features and life tables
of Tetranychus urticae (Koch) (Acari: Tetranycidae) on
different table tomato varieties. Tirkiye Entomoloji
Dergisi 2013;37:329-341.

Najafabadi SSM, Shoushtari RV, Zamani AA, Arbabi M,
Farazmand H. Life parameters of Tetranychus urticae
(Acari: Tetranychidae) on six common bean cultivars.
Journal of Economic Entomology 2014;107:614-622.
Keskin N, Kumral NA. Screening tomato varietal
resistance against the two-spotted spider mite
[Tetranychus urticae (Koch)]. International Journal of
Acarology 2015;41(4):300-309.

Clotuche G, Mailleux AC, Ferna'ndez AA, Deneubourg
JL, Detrain C. The formation of Collective silk balls in
the spider mite Tetranychus urticae Koch. PLoS ONE.
2011;6(4):1804-1817.

Gotoh T, Gomik K. Life-history traits of the Kanzawa
spider mite Tetranychus kanzawai (Acari:
Tetranychidae). Appl. Entomol. Zool 2003;38(1):7-14.
Dehghan MS, Allahyari H, Saboori AA, Nowzari JA,
Naveh VH. Fitness of tetranychus urticae koch (Acari:
Tetranychidae) on different soybean cultivars: biology
and fertility lifetables. International Journal of Acarology
2009;35(4):341-347.

Musa PD, Ren SX. Development and reproduction of
Bemesia tabaci (Homoptera : Aleyrodidae) on three bean
species. Insect Science 2005;12:25-30.

Greco NM, Pereyra PC, Guillade A. Host plant
acceptance and performance of Tetranychus urticae
(Acari, Tetranychidae). Journal of Applied Entomology
2006;130:32-36.

Véasquez C, Pérez M, Davila M, Mangui J, Telenchana N.
Biological parameters of Tetranychus urticae Koch
(Acari: Tetranychidae) on strawberry cultivars in
Ecuador. Revista Chilena  de Entomologia
2018;44(3):271-278.

Karlec F, Duarte AF, Oliveira ACB, Cunha US

38.

39.

40.

41.

42,

43.

44,

45,

46.

47,

48.

49.

50.

51.

52.

http://www.entomoljournal.com

Development of Tetranychus urticae KOCH (Acari:
Tetranychidae) in different strawberry cultivars. Rev.
Bras. Frutic 2016;39(1):(e-171) DOI 10.1590/0100-
29452017171

Fahim SF, Momen FM, El-Saiedy SM. Life table
parameters of Tetranychus urticae (Trombidiformes:
Tetranychidae) on four strawberry cultivars. Persian
Journal of Acarology 2020;9(1):43-56.

Uddin MN, Alam MZ, Miah MRU, Mianl MIH,
Mustarin KE. Life table parameters of Tetranychus
urticae Koch (Acari: Tetranychidae) on different bean
varieties. African Entomology 2015;23(2):418-426.
Krishnar A, Bhaska H. Biology of two-spotted spider
mite Tetranychus urticae Koch (Acari: Tetranychidae) on
Okr. Asian j. biol. Life sci. 2014;3(2):97-101.

Praslicka J, Huszar J. Influence of temperature and host
plants on the development and fecundity of the spider
mite Tetranychus urticae (Acarina: Tetranychidae). Plant
Protect. Sci 2004;40:141-144.

Awad SE, Mostafa EM, Salem AA, Mahrous ME.
Development and reproduction of the two-spotted red
spider mite, Tetranychus urticae Koch as influenced by
feeding on leaves of three solanaceous vegetable crops
under laboratory conditions. Journal of Entomology
2018;15(2):69-74.

Rasmy AH. The biology of the two-spotted spider mite
Tetranychus urticae as affected by resistant solanaceous
plants. Agrie. Ecosyst. Environ 1985;13:325-328.
Khanamani M, Fathipour Y, Hajiganbar H. Population
growth response of Tetranychus urticae to eggplant
quality: application of female age-specific and age-stage,
two-sex life tables. International Journal of Acarology
2013;39(8):638-648.

Kumral NA, Goksel PH, Aysan E, Kolcu A. Biological
parameters and population development of Tetranychus
urticae Koch, 1836 (Acari: Tetranychidae) on different
pepper cultivars. Turk. entomol. Derg 2017;41(3):263-
273.

Costat Software. Version 6.3, CoHort, 798 Lighthouse
Ave, PMB 320, Monetery, CA93940, USA 2008.

Kumral NA, Goksel PH, Aysan E, Kolcu A. Life table of
Tetranychus urticae (Koch) (Acari: Tetranycidae) on
different Turkish eggplant cultivars under controlled
conditions. Acarologia 2019;59(1):12-20.

Monteiro LB, Kunh TMA, Mogor AF, Silv A EDB.
Biology of the two-spotted spider mite on strawberry
plants. Neotropical Entomology, Londrina
2014;(43):183-188.

Van den Boom, CEM, van Beek TA, Posthumus MA, de
Groot A, Dicke M. Qualitative and quantitative variation
among volatile profiles induced by Tetranychus urticae
feeding on plants from various families. Journal of
Chemical Ecology 2004;30:69-89.

Erdogan P, Saltan G, Sever B. Acaricidal effect of
Capsicum annum L. extracts on two-spotted spider mite
Tetranychus urticae Koch (Arachnida: Tetranychidae).
Bitki Koruma Bulteni 2010;50(1):35-43.

Golizadeh A, Ghavidel S, Razmjou J, Fathi SAA,
Hassanpour M. Comparative life table analysis of
Tetranychus urticae Koch (Acari: Tetranychidae) on ten
rose cultivars. Acarologia 2017; 57(3):607-616.

Zatyko L, Martinovich V. Resistance to the red spider
mite (Tetranychus urticae Koch) in the “Fehérdzon
Synthetic” pepper variety. VIth meeting on genetics and


http://www.entomoljournal.com/

Journal of Entomology and Zoology Studies http://www.entomoljournal.com

breeding on Capsicum and eggplant, Zaragoza (Spain)
1986; 125-128PP.

53. Awad SE. Studies on some mites associated with certain
deciduous fruit tree at Sharkia governorate. Ph.D. Thesis,
University of Zagazig, Egypt 2013.

54. Osman MA, Al Dhafar ZA, Algahtani AM. Biological
responses of the two-spotted spider mite, Tetranychus
urticaeto  different host plant.  Archives of
Phytopathology and Plant Protection
2019;52(17,18):1229-1238.

55. Carey JR, Bradley JW. Development rate, vital
schedules, sex ratios and life tables for Tetranychus
urticae, T. turkestani and T. pacificus (Acarina:
Tetranychidae) on cotton. Acarologia 1982;23:333-345.

56. Van den Boom CEM, van BEEK TA, Dicke M,
Differences among plant species in acceptance by the
spider mite Tetranychus urticae Koch. J Applied
Entomol 2003;127:177-183.

57. Razmjous J, Tavakkoli H, Nemati M. Life history traits
of Tetranychus urticae Koch on three legume (Acari:
Tetranycidae), Munis Entomology and Zooology
2009;4:204-211.

58. Abdelaal DM, Mostafa EM, Hendawi MY, Basha AE.
Bio-ecological studies on two-spotted Red Spider Mite,
Tetranychus urticae Koch on some leguminous crops at
Sharkia governorate, Egypt. Zagazig J agric. Res
2015;42:323-332.

59. Halloum M, Ahamed M, Mofleh M. Influemce of rearing
temperature on some biological characters of the spider
mite Tetranychus urticae (Koch) and the predator
Phytoseiulus persimilis Athias-henriot under laboratory
conditions. Arab. J. Plant Prot 2009;27:14-17.

60. Sandeepa AR, Pradeep S, Thara KT, Sridhara S. Biology
of Tetranychus urticae Koch (Acarina: Tetranychidae) on
carnation under laboratory condition. Journal of
Entomology and Zoology Studies 2019;7(1):1394-1398.

61. Kasap |. Effect of apple cultivar and of temperature on
the biology and life table parameters of the two spotted
spider mite Tetranychus urticae. Phytoparasitica
2004;32(1):73-82.

62. Kasap |. Biology and life tables of the two spotted spider
mite, Tetranychus urticae Koch (Acari: Tetranychidae)
on three different host plants in laboratory conditions.
Turkiye Entomoloji Dergisi 2002;26(4):257-266.

63. Gotoh T. Life-history parameters of the hawthorn spider
mite, Tetranychus viennensis ZA CHER (Acarina:
Tetranychidae), on Deciduous oak. Applied Entomology
and Zoology 1986;21:389-393.

64. Castagnoli M, Caccia MR, Liguori M, Simoni S,
Marinari S, Soressi GP. Tomato transgenic lines and
Tetranychus urticae: changes in plant suitability and
susceptibility. Exp. Appl. Acarol 2003;31(3, 4):177-189.

65. Sabelis MW. Reproductive strategies. In: Helle W,
Sabelis MV, editors. Spider mites: their biology, natural
enemies and control. Amsterdam: Elsevier 1985, 265-
279.


http://www.entomoljournal.com/

