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ABSTRACT

Two-spotted spider mite, Tetranychus urticae Koch is a serious pest of different crops over the world. Different
strategies are used to regulate the population of this mite. To this end, as a first step, a population growth model has
been developed for describing the dynamics of 7. urticae population growth. In this regard, the population abundance
of T. urticae was estimated weekly from 29 June to 29 September 2016 at two bean fields, each field was planted with
Goli and Akhtar cultivars, separately. During each sampling period in each field, 30 plants were randomly chosen and
a leaf was selected as a sample unit from the middle of a plant, then a simple population growth model was constructed
for T. urticae on two bean cultivars. The result showed that 7. urticae had a distinct seasonal pattern of abundance but
differed between two cultivars. A logistic growth model was developed based on relationship between the cumulative
density of T urticae and time (day) and demonstrated high prediction capability for 7. urticae population on Goli (R?
= 0.99) and Akhtar (R?= 0.99) cultivars. According to the logistic equation, carrying capacity was recorded 463.9 +
9.73 (mite/leaf) and 59.67 & 8.72 (mite/leaf) on Goli and Akhtar cultivars, respectively. Furthermore, it has been shown
that the logistic growth model can be used to make population predictions. The model parameters estimated for two
different cultivars, providing a new mathematical tool for ecologists to predict two-spotted spider mite outbreaks, and
ultimately to develop effective two-spotted spider mite control strategies.
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INTRODUCTION

The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae) is a cosmopolitan
agricultural pest, feeding on more than 1100 plant species, of which more than 150 have economic
importance (Bolland et al. 1998; Migeon et al. 2011; Cazaux et al. 2014; Van Leeuwen et al. 2015).
Spider mites colonize on plants shortly after crops plantation. They start damaging as the crops start
to grow. But in the summer season, spider mite numbers start to decline during plant maturation
(Badii ef al. 2004). Under favorable conditions, spider mites can build up very large populations
which cause important economic losses. The number of spider mites can increase by 40% per day.
This exponential population growth usually ends abruptly due to overexploitation of the host plant
(Krips et al. 1998).

Several studies declared that environmental factors such as temperature (Diizgiines and
Cobanoglu 1983; English-Loeb 1990; Dhar et al. 2000; Karami-Jamour and Shishehbor 2012; Riahi
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et al. 2013), host plant cultivar (Adango et al. 2006; Ahmadi et al. 2007; Kavousi et al. 2009;
Sedaratian ef al. 2011; Modarres Najafabadi ef al. 2012; Kabiri et al. 2012; Saei Dehghan et al. 2009;
Khanamani et al. 2013; Maleknia et al. 2016; Uddin et al. 2015), profoundly affect population growth
rate of 7. urticae. But, there is no attempt to measure differences in carrying capacity or density
dependence.

Forecasting of spider mite abundance is difficult due to overlapping the generations and variation
in age structure of the populations which is rarely stable (Wilson 1994). When density is measured,
commonly the logistic curve is used for describing population growth in ecology. Specifically, these
models are widely used to describe insect populations and their life cycles in cases where the
population increases monotonically to some equilibrium value called the ‘carrying capacity’ (Matis
et al. 2003, 2006, 2009, 2010; Matis and Kiffe 2004; Matis and Kiffe 2012). The rate of growth and
the tendency for growth (carrying capacity) are two internal factors that affect long-term dynamics of
populations and logistic model is described by the parameters including 7 (intrinsic rate of increase)
and K (carrying capacity) (Turchin 2003).

In this study, bean plant and the spider mites were used as a modal system. The objective of the
current study was to develop a simple and robust analytical model for 7. urticae population growth
under field conditions.

MATERIALS AND METHODS

Study area

The field experiments were conducted in Varamin vicinity of Tehran, Iran from 29 June to 29
September 2016. Two cultivars, Goli and Akhtar were planted in each of two fields (~ 1 hectare).
No pesticides were applied in two fields.

Sampling

From each field, 30 plants were selected at random and sampled at weekly intervals to record the
total number of mite population per leaf. Sampling unit was one leaf taken from the mid-height of a
plant. Leaves were placed individually in plastic bags and stored at 4 °C in refrigerator. The number
of T. urticae (eggs, immature stages, and adults) was determined on each leaf using stereo-microscope
(OLYMPUS, SZH-ILLB) in laboratory. The two-spotted spider mite population fluctuations in two
fields were plotted.

Model development
The relationship between cumulative mean number of total population of 7. urticae in each
sampling date obtained in the two fields were fitted to the logistic growth function (Meyer et al.

1999).
k

T 1+ e(aGD)

N

where T is time (days), N; is the mite population size at time ¢ (mite/leaf), a is growth rate parameter
that specifies the width or steepness of sigmoidal curve, B specifies the time when the curve reaches

%k, or midpoint of the growth trajectory and k is the carrying capacity (mite/leaf). Nonlinear
regression (proc nlin; SAS Institute 2013) was used to fit the logistic growth model to data and
estimate values of mean + SE and assess goodness of fit, using R>.

RESULTS

Summer fluctuation of 7. urticae population on two cultivars are shown in Figure 1 for each sampling
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field. The result of the present study revealed 7. urticae appeared firstly on Goli cultivar on July 4.
The first and second peaks of 7. urticae population on Goli cultivar were recorded 86.44 mite/leaf on
July 18 and 33.84 mite/leaf on August 28, respectively, whereas the first and second peaks on Akhtar
cultivar occurred 6.2 mite/leaf on July 11 and 7.54 mite/leaf on September 2, respectively. Thereafter,
the population of 7. urticae declined and disappeared at the end of September. On Goli cultivar, T.
urticae exhibited a distinct seasonal pattern of abundance with a period of early summer increase and
late summer decline but on Akhtar cultivar was vice versa (Fig. 1).
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Figure 1. Population fluctuation of total population of 7. urticae on two bean fields in 2016.

In this study, the simplest form of the logistic equation was used and indicated a sigmoidal
population growth for 7. urticae on both varieties (Fig. 2). This equation produces the S-shaped curve
and these three parameters a, § and k are needed to fully specify the curve. The growth rate parameter
a specifies the “width” or “steepness” of the sigmoidal curve (Table 1). It is often helpful to replace
o with a variable that specifies the time required for the trajectory to grow from 10% to 90% of the
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limit k, a period which is called the characteristic duration, or At. Through simple algebra, the
ln((fl) that 52.88 and 114.44 days were recorded for Goli

and Akhtar varieties, respectively. The parameter At is usually more useful than o for the analysis
time-series data because the units are easier to perceive. The parameter 3, shows the time when the
curve reaches %k, or the midpoint of the growth trajectory, that 29.32 and 66.51 days for Goli and

Akhtar cultivars, respectively (Table 1). The parameter k, is the asymptotic limit that the growth
curve approaches, i.e., carrying capacity that is different on two cultivar (Table 1, Fig. 2).

characteristic duration is related to a byAt =

Table 1. Parameter estimates (+ SE) of population growth curves for two spotted spider mite on two varieties of bean
using logistic model.

Parameters (+ SE)

T 2
Variety K u ; R
Goli 463.9 +9.73 0.0831 £ 0.008 29.32+1.19 0.997
Akhtar 59.67 +8.72 0.0384 £+ 0.006 66.51 £8.92 0.996
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Figure 2. Growth of total population of 7. urticae on two bean fitted to logistic curve.
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DISCUSSION

In this study, the population of 7. urticae peaked twice in both cultivars and the first peak occurred
in mid July and the second was observed at the end of August and at the beginning of September.
This result is in agreement with Ho and Chen (1992) and Kumral and Kovanci (2005) who reported
two peak emergence pattern of 7. urticae on eggplants in Turkey and Taiwan. Also, there are insects
that show a two or three peak of population fluctuation (Whitfield 1984, Lashomb et al. 1984; Tauber
et al. 1994).

This study demonstrates the versatility of the model to describe 7. urticae populations on Goli
and Akhtar cultivars and the effect of plant on carrying capacity. The variation in growth rate and
density dependence within a population can be resulted from two sources, 1. Genetic variation among
individuals, and 2. Variation in the environment where the population live. For example, in insects
both growth rate (Agrawal et al. 2004; Helms et al. 2004) and carrying capacity (Underwood et al.
2000) differed among host plant genotypes. The logistic growth models have often served to
characterize the overall patterns of insect population increase in time and space (Renshaw 1991). In
some cases, insect ecologists have used these models to estimate parameters that may be used in
identifying cultivars' resistance (Kindlmann and Dixon 2010; Underwood 2007). This study indicated
that population growth of 7. urticae has become sigmoidal. In fact, researchers have recorded
examples of such S-shaped growth in animal populations (Marchetti et al. 1996). At the beginning,
often the measured population of a species grows exponentially. However, natural systems cannot
sustain exponential growth indefinitely and, negative feedback mechanisms from the environment
slow the growth, producing the S-shaped curve. Thus, for a single growth process, a single sigmoidal
curve is often a useful model (Meyer et al. 1999). In this study, the model gave excellent fit
(coefficient of determination R? = 0.99) on two varieties. The carrying capacity (k) in low time
duration reached the more value on Goli than Akhtar. Therefore, the variation in population dynamic
parameters between two cultivars has the potential to have an effect on 7. urticae population size in
the field.

The analysis of growth is an important component of many biological studies. The classic
Verhulst—Pearl logistic equation has a long and distinguished history dating back to 1838 (Renshaw
1991). Andrewartha (1961) suggests that such curves may be generally true of any local population
whose numbers are determined by the stock of some non-expendable resource e.g. food. It is widely
used to describe insect populations and their life cycles in cases where the population increases
monotonically to some equilibrium value called the carrying capacity. This powerful technique can
predict insect counts and therefore to prepare effective control strategies on different types of crops
(Matis and Al-Muhammed 2010).

This study shows that the logistic model may be used to describe the size of T. urticae population.
The model parameters estimated for two cultivars, providing a new mathematical tool for ecologists
to predict two spotted spider mite outbreaks, and hopefully to develop effective control strategies of

T. urticae. We expect that the logistic model will become widely used in practice.
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