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ABSTRACT

The date spider mite, Oligonychus afrasiaticus (McGregor) (Acari: Tetranychidae) is a destructive pest on date palm
trees, causing high economic losses. Here, we investigated the relationship between population density of O.
afrasiaticus and the extent of its injury level as well as the relation between rate of damage and date yield losses
indices on six commercial date cultivars in five date palm growing provinces including Khuzestan (Sayer and
Berhee), Hormozgan (Pyarum), Kerman (Mazafati), Bushehr (Kabkab), and Sistan and Baluchestan (Rabi) of Iran.
The experiment was conducted in a complete randomized block design with five treatments and three replications. To
this end, in each replication, four date clusters were selected from four different geographical directions, in each of
them, 25 fruits were checked randomly to unveil the number of healthy and infested fruits. The sampling was
repeated at seven-day intervals from late May to early September. Finally, the Norton model was used to estimate the
economic injury level (EIL) under both biological and chemical control conditions. The highest value of EIL in 2019
was estimated for Sayer in the chemical control method (1827 Mite-day) and the lowest one was estimated for
Pyarum in the biological control method (25.5 mite-day). Our results also revealed that the cost of biological control
was significantly lower than chemical control. The highest and lowest rate of date injury (symptoms of the pest
feeding) were observed on Berhee and Mazafati cultivars, respectively. Also, the highest and lowest rate of date loss
were observed on Kabkab and Sayer cultivars, respectively. On the other hand, the cost of chemical control in both
years was higher than that of biological control.
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INTRODUCTION

The date spider mite, Oligonychus afrasiaticus (McGregor) (Acari: Tetranychidae) is one of the
most important pests of date palm in Iran, causing economic loss of date yield. This mite is the
dominant spider mite pest of date palm fruit in the Southern Arava Valley of Palestine (Palevsky et
al. 2003). The optimum temperature for O. afrasiaticus development ranges between 30.5 and 32.7
°C (Al-Haidari et al. 1982). Kadjbaf Vala and Kamali (1993) in Iran reported that the old-world
mite, O. afrasiaticus was a serious pest of dates in Khuzestan. The fruits become inedible by
feeding of immature and adult individuals (Ba-Angood and Bass'haih 2000). The infested fruits turn
to white gray or pale yellow and they are cracked and lose sugar content. The fruit skin is also
becoming hard and dry (Al-Deeb 2012). In high infestations, up to 70% of date fruits are destroyed.
Chaaban et al. (2011) reported a diverse array of O. afrasiaticus damage (6 to 53%) on different
date palm cultivars in Sudan. This shows that this pest does not always have to be controlled by
chemicals. It also indicates the necessity for an estimate of the pest population and the amount of
damage before any chemical application.

Recently, much attention has been paid to the economic injury level (EIL) of pests because it
can answer the question that at what density of pests the control should be initiated? The answer to
this question is the same decision-making principles in implementing pest control programs (Stern
et al. 1959; Southwood and Norton 1973; Norgaard 1976). The important issue regarding this
question is whether the damage levels determined by such a formula are reasonable and reliable?
The decision-making methods have been defined and developed based on the basic principles of the
economic threshold (EC) and EIL (Damos 2014). The main advantage of these rules is their
simplicity and practicality. Some researchers have suggested that these indices can affect other
factors in the crop-pest systems including seasonal pest's population dynamics, biological
relationships between pests and predators, environmental pollution caused by pesticide residues,
resistance to pesticides, effects of the controlling programs in adjacent fields, and pesticide health
problems (Ordish and Dufour 1969; Southwood and Norton 1973; Stern 1975; Pedigo et al. 1977,
Hall and Teetes 1982; Stefanou 1984).

To estimate the relationship between injury and population of each pest, it is usually assumed
that this relation is linear (El-Wakeil 2010). However, in some pests, due to the population
interference or decreased nutrients at higher densities, sometimes a decrease in pest injury level
occurs by increasing density (Jaques 1962; Bardner and Fletcher 1974; Shelton et al. 1982; Machlitt
1998). Estimating the relationship between injury and yield is the essential component of the EIL. It
removes the practical limitations on the way of EC and EIL application (Pedigo and Higley 1992).
The yield loss due to plant's reaction is also included in the formula to estimate these indices
through the relationship between injuries and yield (Bardner and Fletcher 1974; Regev et al. 1976).
A general description of plant responses to crop loss in the result of pest injury was presented by
Tammes (1961). This is a well-known method and many researchers have used it to estimate EIL
(Bardner and Fletcher 1974) in which four major parameters have been recognized that influence
the relation between crop yield and pest injury severity including the time of injury based on plant
growth stage, the part of plant damaged, the injury severity and the effects of environment (Tammes
1961; Southwood and Norton 1973; Higgins et al. 1984).

Although more information is available on the different biological aspects of O. afrasiaticus
(Latifian 2012, 2014; Latifian et al. 2014), there is no study on the economic injury level of this
pest on different date cultivars. This study aimed to answer the following questions. What is the
relationship between the O. afrasiaticus density and its injury severity? What is the relationship
between O. afrasiaticus injury and date palm yield indices? And is it possible to determine the
economic injury level of O. afrasiaticus using the Norton general model?
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MATERIALS AND METHODS

This study was conducted on six commercial date cultivars in five provinces of Iran as follows:
Sayer, and Berhee from Khuzestan Province, Pyarum from Hormozgan Province, Mazafati from
Kerman Province, Kabkab from Bushehr Province, and Rabi from Sistan and Baluchestan Province.
The most important commercial cultivar was tested for each province. The selected trees were about
12 £ 2 years old and their number was 160 + 10 trees per hectare. The experiment was conducted
with five treatments (different densities of O. afrasiaticus) replicated three times. The six
experiments were carried out on individual varieties of the date palm. The aim was to achieve
different mite densities to evaluate their effects on injury severity after acaricide treatments. The
different densities of O. afrasiaticus were created artificially using four concentrations (0.5, 1, 1.5,
and 2 ml/L) of an acaricide (Hexythiazox). According to other studies, this acaricide has the most
effect on the studied mite and the least side effects such as phytotoxicity and negative effects on
natural enemies (Arbabi ef al. 2017). To this end, each tree was sprayed with five liters of a solution
prepared from this acaricide. No acaricide was used in the control. Also, a pesticide (Zolone 35%
EC) was used with a concentration of 1 ml/L to control other date pests, especially date palm lesser
moth Batrachedra amydraula Meyrick (Lepidoptera: Batrachedridae). Sampling started one week
after the treatments. One date palm tree of particular date cultivars was taken into account for each
of five treatments. Twenty fruits were selected from each bunch and checked to determine O.
afrasiaticus density. The samples were transferred to the laboratory, and the number of mites was
counted and recorded separately. Sampling was repeated every seven days from late May to early
September. The Norton model was used to calculate EIL as follows:

EIL = ——
KVID
which C is the cost of management/yield unit (Dollars/ha); V is the marketing value of yield unit
(cost/’kg) (Dollars/kg); I is the injury/unit pest population (I) (fruit injury/Cumulative Mite Days)
and D is the damage/injury unit (kg/ha/fruit injury). K is the proportion of injury prevented by
management, which in many instances is assumed to be near 1 and can be omitted.

Management control cost (C)

Management costs were calculated in both chemical and biological control (by Augmentation
release of Stethorus gilvifrons approaches). Although other natural enemies have been identified for
this mite, the evaluation was based on this predatory ladybug, which previous studies have proven
effective in terms of field release (Latifian and Kajbafevala 2016). Management costs included
control agent costs, machinery costs and labor costs that were estimated based on the customary
conditions of each region. Data were obtained through interviews with experts in the Jihad
Agricultural Organization of the relevant province.

Market value of yield unit (V)

The market value of each date cultivar depends on the market supply and demand. Some
variables including the relative price of date exports, real exchange rate, date of production in other
countries and date of export are influencing the demand function of date products. The price for
each cultivar was determined based on a six-month average prediction in each region. Data were
obtained through interviews with experts in the Jihad Agricultural Organization of the relevant
province.

Injury per unit pest population (1)

In each replication four fruit bunches were selected randomly from four main geographical
directions. Then 25 fruits were studied from each bunch in terms of being healthy and infested. The
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existence of at least one active mite on the fruit was considered as infestation. Then, the fruits were
transferred to the laboratory and the number of active mites on the fruits was recorded separately.

To determine the date spider mite's density at the sampling intervals in the field conditions,
indicating the relationship of their population densities with date fruit injury, the parameter Mite-
day (Md) was calculated to estimate this index as follows (Machlitt 1998).

Mite-day (Md) = (7) x (Mi+M)/2

In this equation M and M were the mite densities in the current and previous sampling period,
respectively. The percentage of injury was calculated by estimating the ratio of infested to non-
infested fruits which the index was mite activity. The regression between mite-day as independent
variable and fruits injury as dependent variable was used to estimate the economic threshold of O.
afrasiaticus. The slope of the regression line was equal to the amount of injury per Mite-day.

Damage per injury unit (D)

The regression between injury and quantitative attributes was used to estimate the damage-
injury curve. To do so, some quantitative attributes including fruit weight were calculated in each
treatment. Injury rate was estimated according to the above-mentioned method. Then, the regression
between injury as independent variable and different quantitative traits as dependent variable were
fitted and the amount of damage per injury unit was estimated using Norton model (Shiberu and
Getu 2018a, b).

Statistical analyses

Quantitative Pearson correlation was used to investigate the relationship between variables
including mite-day as independent variable and fruits injury as dependent variable and sum of
percent injury as independent variable and fruit weight as dependent. These variables with strong
correlation in all studied cultivars were fitted to investigate the regression relationship between
these variables. The purpose of analysis was calculation the slopes.

Ordinary least squares (OLS) for correct calculation the linear relations were described by
equation y = bX + a. R? is a statistical measurement of data close to the fitted regression line. This
statistic indicates the percentage of the variance in the dependent variable that the independent
variables explain collectively. R? is also called the coefficient of determination or coefficient of
detection. The coefficient of determination indicates “how much of the dependent variable changes
are affected by the relevant independent variable and the rest of the dependent variable changes are
related to other factors”.

RESULTS

Temporal distribution of O. afrasiaticus population and its injury rate

Seasonal fluctuations of O. afrasiaticus population and its injury rate on Khuzestan (Sayer, and
Berhee), Hormozgan (Pyarum), Kerman (Mazafati), Bushehr (Kabkab), and Sistan and Baluchestan
(Rabi) are shown in Figure 1. The results showed that O. afrasiaticus activity and its injury began in
June and gradually increased by increasing temperature. The pest had two periods of activity during
late spring and summer months. So that it showed the highest density and infestation in July and
August and then gradually decreased. The pest injury stopped from September as the mites began to
overwinter.
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Figure 1. Seasonal fluctuation of Oligonychus afrasiaticus (A) and their injury rate (B) on six commercial date
cultivars in 2018 and 2019.

Management control cost (C)

Management control costs were calculated in both chemical and biological control approaches
(Table 1).

According to the results, management control costs of both chemical and biological control
increased 31.25% and 36.1%, respectively, in 2019 than 2018. On the other hand, in both years, the
cost of biological control was lower than chemical control. According to other studies, both
chemical and biological control had acceptable performance based on the integrated management

control (Latifian and Kajbafevala 2016). The highest cost in both biological and chemical methods
was the purchase of the controlling materials.

The marketing value of yield unit (V)
The results of the marketing value of yield units in the studied date cultivars are presented in
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(Table 2).

Table 1. Estimation of Oligonychus afrasiaticus management cost inferred from day-price and customary conditions in
each region (in Dollars).

Cost ($)
Year Control method
Materials Machinery Worker Total
2018 Chemical 1.8 12 10 23.8
Biological 10 6 16 32
2019 Chemical 24 16 14 324
Biological 14 8 20 42

Table 2. Price of each date cultivar in all five regions of the study based on a six months average prediction.

Cultivar Price/kg (Dollars)
2018 2019
Sayer 0.51 0.62
Berhee 5 6
Kabkab 1.5 36
Pyarum 3.84 76
Rabi 1.52 32
Mazafati 1.7 24

The results showed that the marketing value of yield unit of the studied date cultivars increased
in 2019 than 2018. The increase in price was 26.7, 16.6, 58.3, 49.4, 52.5 and 29.2%, for the Sayer,
Berhee, Kabkab, Pyarum, Rabi and Mazafati, respectively.

Injury per unit pest population (1)

The results of the injury per unit pest population (I) in 2018 and 2019 are depicted in Figures 2
and 3, respectively.

The slope of the mite-day relation to regression injury rate line shows the injury per unit pest
population (I), the results are depicted in (Table 4).

The highest and lowest injury per unit pest population were observed in Berhi and Mazafati
cultivars, respectively. Although, changes in the injury per unit pest population was negligible for
all cultivars during two years of the study, Pyarum, Mazafati and Rabi showed the higher injury rate
in 2019 than 2018.

Table 3. The injury created by unit of Oligonychus afrasiaticus population (I) on the six studied date cultivars

Injury produced by unit of pest population (I)

Cultivar

2018 2019
Sayer 0.077 0.089
Berhee 0.113 0.131

Kabkab 0.102 0.1
Pyarum 0.103 0.122
Rabi 0.011 0.151
Mazafati 0.046 0.071
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Damage per injury unit (D)
The regression between injury and fruit weight during 2018 and 2019 are shown in Figures 4

and 5, respectively.
The amount of damage per injury unit (D) is equivalent to the slope of the regression line.

These results are presented in Table 4.
The highest and lowest damage per injury unit (D) were estimated for Kabkab and Sayer

cultivars, respectively. The difference of damage per injury unit (D) during two-studied years was
negligible.
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Figure 2. Regression between mite-day as an independent variable and fruits injury rate as a dependent variable in the
different date cultivars studied in 2018.

Economic injury level
The EILs for both biological and chemical control were estimated using the Norton model.

Figure 6 shows the estimated EIL values for different date cultivars in 2018 and 2019. The
economic injury level of O. afrasiaticus varied either in different years or on different date
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cultivars. Except Rabi, the values of EIL values on all cultivars (Fig. 6). On the other hand, the EIL
in chemical control was higher than biological control in both two years on all studied cultivars.
The highest EIL was estimated for Sayer cultivar in 2019 and in chemical control (1827 mites-day)
and the lowest was for Pyarum cultivar in 2018 and in biological control (25.5 mite-day).
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Figure 3. Regression between mite-day as an independent variable and fruits injury rate as a dependent variable in the
different date cultivars studied in 2019.

Table 4. Damage per unit injury (D) in the different date palm cultivars based on linear regression model.

Damage per unit injury (D)

Cultivar
2018 2019
Sayer 0.006 0.006
Berhee 0.011 0.011
Kabkab 0.06 0.016
Pyarum 0.015 0.016
Rabi 0.024 0.025
Mazafati 0.026 0.26
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Figure 4. The regression between injury as an independent variable and fruit weight as a dependent variable in the
different date palm cultivars in 2018.

DISCUSSION

The EIL has a key role in the integrated pest management programs (Maoz et al. 2010). It is better
for a farmer to accept a small amount of a pest damage than to experience frequent pest outbreaks
or to face the emergence of new destructive pests (Al-Jboory 2007). The cost of pest control and the
risk of pest outbreaks in the future are two important issues that may encourage a farmer to focus on
non-chemical control strategies (Blumberg 2008). This is depite the important role of insecticides in
the control of insect pests and their benefit to have a pest-free product for the marketing (Pimentel
2009). Therefore, it necessitates to explore approaches to restrict this hazardous method to
conditions that are inevitable. In this situation, the EIL can help to have not only a rational and
sound chemical application but also the most income for farmers (AL-Ahmadi 2019).

The cost of control practice has a positive correlation with the economic injury level. In other
words, the EIL rises by increasing cost of the control practice, that's why sometimes we may have
to accept some damage of a pest. The cost of control operation depends directly on the cost of
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chosen tactics and the economic status of regions where date palm is cultivated (Riley 2008). Our
results showed that the cost of biological control was lower than chemical control in the integrated
management of O. afrasiaticus. However, the cost of biological and chemical control both increased
in 2019 than 2018 because of fluctuation in the price of dates in these two years. Furthermore, in
both these two approaches, the cost of the chosen tactic was higher in 2019 (the price fluctuations
rate in chemical control was higher than biological control). Our results also revealed that the EIL
increased by increasing the cost of operation especially in date cultivars with the lower economic

value (Chung 2001; Riley 2008).

16
16 Y'=-00152x + 12.133 4| Y=-00062x+ 338887
:‘21 R2=0.9936 1 R2=10.7982
210 ""t...,. = 10
E 3 E 8
E z 6
4 4 P
@H..
) Pyarum 5 ®--9 Sayer
0 0
0 200 400 0 200 400
> % Injury > % Injury
16 Y =-0.0246x + 15.759 16 Y =-0.0165x + 15.525
4l 8y Re=00989 14| ®e, RI=09812
. 12 .....‘. 12 i J
=10 "o 2 10
& 8 £ %
Z 6 2 6
4 Rabi 4 Kabkab
2 2
0 0
0 200 400 0 200 400
> % Injury > % Injury
16 Y = —0.0264x + 12.499 16 Y =-0.0107x + 86053
14 R2=0.9377 14 R2=0.9831
12 ~. 12
‘g 10 [ 210
2 6 > . R S
4 L T °
2 Mazafati ) Berhee
0
0 200 400 0
50 250 450
> % Injury > % Injury

Figure 5. The regression between injury as an independent variable and fruit weight as a dependent variable in the
different date palm cultivars in 2019.

The commercial yield value has an inverse correlation with EIL (Shipp et al. 2000). As the EIL
decreases the commercial yield value increases, and as a result, less injury of O. afrasiaticus would
be expected to be tolerated. The commercial yield value depends on the production amount and the
price of the unit product (Riley 2008). In the present study, Pyarum, Rabi and Mazafati with the
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highest yield value and sale price had the lowest EIL. In contrast, Sayer with the lower sale price
and yield in comparison with the other cultivars, had the highest EIL. As price of an agricultural
product is related to the marketing conditions and annual economic fluctuations, it is reasonable to
expect more fluctuations in EIL for date cultivars with lower prices.
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Figure 6. Economic injury levels of Oligonychus afrasiaticus under chemical and biological control conditions on the
studied date palm cultivars during 2018 and 2019.

Increased pest density is another important factor that increases pest injury and crop loss
(Cocco et al. 2015; Martins et al. 2017). This factor has an inverse correlation with EIL (Surendra
2019). That’s why the date palm cultivars with the higher susceptibility to O. afrasiaticus e.g.
Berhee and Pyarum allocated more injury per pest population unit and had lower EIL. There is high
difference in the resistance to O. afrasiaticus among various date cultivars. For instance, Sibeki and
Sayer cultivars are more susceptible than Shukri and Rutan. Also, it has been revealed that Khodari
and Khunizi have moderate resistance to O. afrasiaticus (Aldosari 2009). Elwan (2000) showed the
susceptibility of Hilly, Gibri and Chennai to date palm spider mite. In Yemen, except Hamra and
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Al-Hajri with moderate resistance, all other date palm cultivars are susceptible (Bass'haih 1999). In
another study, local date palm cultivars of date palm were divided into four groups including high
susceptible cultivars e.g., Liloie, Berhee, Zahedi, Deri, Ashkar and Beraim; susceptible cultivars
e.g., Halawi, Belyani, Haddak, Shakar, Bint Elsab, Dagal Zard, Khazravi and Sayer; moderate
resistance cultivars e.g., Bubaki, Chabchab, Mashtoom, Jahromi, Amo Bahari, Dagle sorkh, Fersi
and Hadel and quantitatively infected cultivars e.g., Khasab, Homeravi, Hasawi, Isahagh and Gantar
(Latifian et al. 2007).

There were no differences between years and the interaction between the population and injury
factors was not significant. Simple regressions show yield loss (expressed as percentage relative to
yield in control trees). Our results show that a longer presence of mite populations in the trees (from
early summer to harvest) had a stronger impact on production. To decide whether yield and
cumulative mite-day had to be taken into account when establishing the new threshold, some
studies explored the relationship between both yield loss and other population parameters but they
had reached similar accuracy results (Martinez-Ferrer et al. 2006).

It should be noted that the general level of a pest population not only is not dangerous but also
beneficial because it helps reaching a biological balance (Surendra 2019). This can be also true for
O. afrasiaticus; in normal densities, it can supply some prevalent predators feeding on this pest.
Therefore, the EIL revealed here for different date cultivars provided insights to what extent of O.
afrasiaticus density, application of chemicals can be avoided. The fact that a certain level of pest
density is needed to keep natural enemies alive is a common issue observed for other pests
(Surendra 2019).

Product loss per injury unit is also inversely correlated with the EIL. In other words, by
increasing the yield loss as a result of the unit of damage, the level of EIL decreases. The higher the
yield loss as a result of the damage unit, the lower EIL; farmers have to initiate pest control in the
lower densities of the date spider mite. When the population of O. afrasiaticus exceeds the date
palm tolerance, net income declines rapidly. In contrast, when the pest density is higher and
requires less control, the expenditures are expected to decline rapidly, resulting in a reduction in
total date production costs. At point of economic damage, some of the gross income will be lost.
Beyond the economic threshold, the farmers would not be able to increase their income in the same
proportion they spend for controlling O. afrasiaticus (the cost of control would be higher than the
income). If the control starts successfully at the tolerance point or threshold, the amount of damage
will be zero.

Even though the damage of date palm mite can be prevented by prophylactic acaricide
applications (Arbabi et al. 2017), it is expected that the excessive use of pesticides will eventually
lead to the resistance development and subsequent pest outbreaks (Humeres and Morse 2005;
Morse 2007; Arbabi et al. 2010). Adopting the EIL established in the present study could help to
reduce pesticide applications against O. afrasiaticus in date palm orchards and delay pest resistance
development. It also helps to diminish the adverse effects of chemicals on the environment and
human health through providing the dutiable conditions for the activities of natural enemies
(Latifian 2017).
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