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ACCEPTED ARTICLE
Influence of Climate Factors on Population Density and Damage of Peach Twig Borer,
Anarsia lineatella Zeller (Lep.,: Gelechidae), in Saman Orchards, Iran

Running title: Influence of climate factors on PTB
Zarir Saeidi'*

ABSTRACT

The effect of climate factors on the population changes and damage of peach twig borer (PTB),
Anarsia lineatella Zeller., was studied during 2007-2017 in Saman Orchards, Iran. Time series
data of climate and pest population were subjected to the Mann-Kendall trend analysis. Seasonal
flight of the pest was studied using pheromone traps from May to October. The percentage of
infested twigs was calculated during May and September, while the percentage of infested fruits
was determined twice a month from July to September. Results showed increasing trends in the
mean temperature of annual, winter and autumn seasons (Kendall's statistics were 0.63, 0.49 and
0.42, respectively). Moreover, there were significant increasing trends in annual mean minimum,
mean maximum and absolute minimum temperatures (0.53, 0.63 and 0.46, respectively). The
number of annual and January frost days (-0.55 and -0.51, respectively) and mean relative humidity
of Jun, July, August, September and October showed decreasing trend. PTB population and
damage showed significant and increasing trends during the studied years. According to stepwise
regression analysis the percentage of relative humidity, mean annual minimum temperature and
mean annual temperature were the most statistically significant variables influencing the
percentage of infested branches (r= 0.94, r>=0.88 , F (3,6)= 14.40, P= 0.004) and pest population
(r=0.98, r>=0.96, F (4, 5) = 3.18, P= 0.001). The pest population and damage will increase under
studied climate change scenarios (A1lF, A1T, A1B, A2, B1 and B2) in the future, which is more
significant in ALF than others.

Key words: Anarsia, Infestation, Seasonal flight, Climate scenarios, Trend analysis

INTRODUCTION
Peach twig borer [PTB], Anarsia lineatella Zell. (Lep.: Gelechiidae), is the [flOSHIMPOLIaNt pest

in peach (Prunus persicae Batsch) orchards as well as other stone fruits such as almond, apricot,
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plum and nectarine (Mamy et al., 2014). Larvae of the overwintering generation burrow into
developing shoots, while in subsequent generations, as twig tissue hardens, they cause
considerable losses in quantity and quality of the fruits (Roshandel, 2019). Studies showed that
climate factors (Temperature, precipitation, and humidity) are the most critical factors influencing
distribution and seasonal activity of the insects under field conditions (Ullah et al., 2012; Bayu et
al., 2017). Moreover, the population growth parameters of the insects and mites such as
developmental rate, reproduction, survival, and longevity vary with the climate factors (Riahi et
al., 2013; El-Halawany and Abdel-wahed, 2013). According to Kocméankovéa et al., (2010),
temperature is probably the most important environmental variable affecting population dynamics
of the insects.

Agricultural crops and their corresponding pests’ population and damages are affected directly
and indirectly by changing in temperature and other climate factors (Skendzic et al., 2021).
Climate factors directly [FIIGNGE the pests’ life table parameters, whereas they indirectly affect
the relations between pests, host plants, environment, and other insect species (Prakash et al.,
2014). Liang and Elbakidze (2011) reported significant relationship between outbreak of the pests
and changes in the environmental factors. Various studies investigated the impact of climate
changes on the distributions, migration, population changes, and damage of insect pests such as
the onion thrips, Thrips tabaci Lindeman (Bergant et al., 2005), Lepidoptera species (Sparks et
al., 2007), the plain tiger, Anosia chrysippus L. (Sudan et al., 2015), and the leopard moth, Zeuzera
pyrina L. (Fekrat and Farashi, 2022, Saeidi et al., 2022 and 2023).

Considering the importance of the climate variables, this study was conducted to investigate the
effect of climate factors on the population changes and damage of PTB in Saman Orchards,
Chaharmahal va Bakhtiari Province, Iran. The results are helpful for predicting the pest population
in the future under different climate change scenarios and applying suitable tactics to reduce the

pest-induced crop losses and sustainable management of A. lineatella in peach orchards.

MATERIALS AND METHODS
Meteorological data

Meteorological data of the Saman Synoptic Station were obtained from the Iran Meteorological

Organization, CHaRarManalvalBakhtiarisProvines. The geographical coordinates of the studied

station were: latitude 32.44 N, longitude 50.87 E and altitude 2057 m. [FHcHStUCICaRGIimalc
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variables were: mean temperature of different months and seasons, annual mean temperature,
annual mean maximum temperature, annual mean minimum temperature, annual absolute
maximum temperature, annual absolute minimum temperature, annual relative humidity, annual

precipitation and the number of frost days per year.

Seasonal activity of the pest

Seasonal flight of the adults was studied during 2007-2017 using sex pheromone traps. Four
peach orchards with 5 km distances were selected. Peach trees were approximately 4-6 years old,
and planted at 3x4 m distances between and along the rows. No insecticide was applied on
experimental plots during the period of study. The pheromone dispensers, type of trap and
installation height were followed Roshandel (2019). The geographical coordinates of the studied
orchards and their distance from the Saman Synoptic Station were given in Table 1.

The traps were set up in the peach orchards from April 20 (before the emergence of adult males)
to October 30 (the end of the adults’ flight) to monitor the pest population. In each orchard, four
sex pheromone traps were installed at 50 meters distance to avoid interference between them. All
traps were set at a height of 1.5-2 m above ground level and leaves and branches were removed
around their entrances. Pheromone traps were checked twice a week until the first capture of adults
and then once a week to record the number of captured moths. The pheromone lures and the sticky

sheets were replaced every 30 and 15 days, respectively.

Twig infestation

Twig damage was determined at the early spring (5™ and 20" April and 5" of May) and early fall
(1t and 15" of October). For this purpose, in each orchard 10 trees were selected randomly and 10
random twigs, from different side of the tree at mid height, were examined and the infestation ratio

was calculated.

Fruit infestation

Percentage of infested fruits was determined twice a month from the July 5 to September 5
(harvesting time). Percentage of infested fruits was determined by examining 10 randomly selected
fruits from each tree (totally 10 trees were examined in each orchard) and recording the number of

infested and non-infested fruits.
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Prediction of the pest population changes under different climate change scenarios

The population changes of PTB was estimated under six main scenarios (A1F, A1T, A1B, A2,
B1 and B2) defined by the Intergovernmental Panel on Climate Change (IPCC, 2007). These
scenarios are based on the emission of greenhouse gases and global warming in the future.
According to the IPCC, the temperature will increase at a rate of 0.4, 0.24, 0.28, 0.34, 0.18 and
0.24 °C per decade in A1F, AlT, A1B, A2, B1 and B2 scenarios, respectively. According to IPCC
(2007), the multi-model mean surface air temperature (SAT) warming and associated uncertainty
ranges for 2090 to 2099 relative to 1980 to 1999 are B1: +1.8°C (1.1°C to 2.9°C), B2: +2.4°C
(1.4°Ct0 3.8°C), A1B: +2.8°C (1.7°C t0 4.4°C), A1T: 2.4°C (1.4°C t0 3.8°C), A2: +3.4°C (2.0°C
to 5.4°C) and ALFI: +4.0°C (2.4°C to 6.4°C).

Statistical analysis
The Mann-Kendall trend test was run at 95% confidence level on time series data of both
climate and pest population for the studied period, 2007 to 2017. The null hypothesis HO (that
assumes there is no trend, in other word the data is independent and randomly ordered), was tested
against the alternative hypothesis H1, which assumes there is a trend. If the p-valug is less than the
significance level a (alpha = 0.05), HO is rejected. Accepting HO indicates no trend while, rejecting
HO indicates a trend in the time series data (Kendall, 1975; Pohlert, 2016).

The software Addinsoft’s XLSTAT 2018 was used for performing the statistical Mann-Kendall
test. Pearson’s correlation coefficient was used to determine the effect of each climate variable on
the damage and population changes of PTB. Moreover, stepwise regression was used to find a set
of climate variables that significantly influence the population and damage of PTB in peach
orchards.

RESULTS

Comparison of climate factors

The average of annual mean temperature from 2007 to 2017 at Saman Synoptic Station was
calculated as 13.35+0.25°C, ranging from 11.69 to 14.95°C. Therefore the annual average
temperature in the hottest year (2016-17) increased by 2.67 °C compared to the coldest year (2012-
13) (Table 2). The same trend was observed in different months ESpEGIaNNY in winter months.
January, February and March showed the highest increase (11, 7.4 and 5.8 °C, respectively) in

temperature in the hottest year compare to the coldest one (Table 2). The annual mean maximum
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temperature from 2007 to 2017 was 20.56 £0.28 °C , ranging from 18.23 to 22.25 °C, whereas, the
annual mean minimum temperature was calculated 6.24+0.35°C with the lowest and highest values
of 2.95 and 7.62 °C, respectively (Table 2). The annual mean maximum and minimum
temperatures in the hottest year increased by 4.02 and 3.67 °C compared to the coldest year,
respectively (Table 2). The highest number of frost days was recorded during 2012-2013 growing
season (45 days) and the lowest was related to 2016-2017 (6 days). [Fhe lowest annual absolute
minimum temperature (=21.8 °C) corresponds to the year 2007-2008 and the highest (-6.8) to the
growing year 2016-2017 (Table 2). The annual rainfall from 2007 to 2017 ranged from 155.7 to
419.3 mm, with a mean of 279.4+21.52 mm. The mean annual relative humidity was recorded as
34.73+0.73 % with range 30.95 and 38.73 %, respectively (Table 2).

Changes in the population of PTB

Seasonal flight of the adults using pheromone traps indicated that PTB completed three
generations per year in peach orchards, Saman, Chaharmahal va Bakhtiari Province, [ran| Seasonal
flight of the adult moths was started in May and continued to the end of October with three distinct
peaks in the second decade of May, first decade of July and second decade of September. The
average number of moths caught (in each trap) in different growing years, has shown in table 3.
The lowest (521.39) and highest (1349.10 per trap) numbers of moths caught were observed in
2012-13 and 2016-17, respectively.

The mean percentage of infested twigs/ tree and infested fruits/ tree during the studied years were
calculated 12.95 + 1.49 and 20.86 + 2.47%, respectively. The highest infested fruits (33.50%) and
infested twigs (20.90%) were observed in 2016-17, whereas the lowest (9.39% and 6.11%,
respectively) were observed in 2007-08 (Table 3).

Trend analysis

In the studied period, increasing trends were observed in the mean temperature of annual, winter
and autumn seasons (Kendall's statistics were, 0.63, 0.49 and 0.42, respectively), while the mean
temperature of summer and spring (0.27 and 0.20, respectively) showed no trend. Therefore,
among the seasons, the most considerable warming occurred in autumn and winter (Table 4). Mean
minimum temperature of annual, winter and autumn showed increasing trend (Kendall statistics
were 0.53, 0.60, and 0.46, respectively), whereas, there was no trend in mean minimum

temperatures of spring and summer seasons. Moreover, there were significant increasing trend in
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annual (0.63) and autumn (0.42) mean maximum temperatures. Annual and winter absolute
minimum temperatures (0.46 and 0.45, respectively) showed significant increasing trend, whereas,
absolute maximum temperature of annual, autumn, winter and summer seasons (0.38, 0.44, 0.38
and 0.53, respectively) showed increasing trend. Among the studied months, the highest increase
occurred in January and February temperatures. The Kendall statistics for mean, minimum,
maximum, absolute minimum and absolute maximum temperatures of January were calculated as
0.56, 0.56, 0.42, 0.46 and 0.38, respectively (Table 4). The number of annual and January frost
days showed decreasing trends (Kendall statistics were -0.55 and -0.51, respectively) in the studied
period. Total precipitation of annual and different months showed no trend, whereas, there were
significant and decreasing trends in the mean relative humidity of Jun, July, August, September
and October (Kendall statistics were -0.63,-0.74, -0.64, -0.45 and -0.53, respectively)

PTB population and damage showed significant and increasing trend during the studied years.
The Kendall statistics for the pest population and damage in spring, summer, autumn and annual
were 0.68, 0.66, 0.63 and 0.67, respectively (Table 4). Moreover there was significant and
increasing trend in the pest population in the May, June, July, August, September and October
(Kendall statistics; 0.71, 0.68, 0.67, 0.68, 0.68 and 0.65, respectively).

Relation between climate factors and population and damage of PTB

stepwise regression analysis showed that among the different climate variables, the percentage
of relative humidity, mean annual minimum temperature and mean annual temperature were the
most statistically significant variables influencing the percentage of infested twigs (r= 0.94,
r’=0.88, F (3,6)= 14.40, P= 0.004). Moreover, percentage of relative humidity, mean annual
minimum temperature, mean annual temperature and July mean temperature(r= 0.98, r?=0.96, F
(4, 5) = 3.18, P=0.001) most closely related to the number of trapped male moths, while the
percentage of infected fruits was most closely correlated with percentage of relative humidity (r=
0.65, r>=0.43, F (1,8)=5.91, P= 0.04) (Table 5).

Linear regression models for prediction of the PTB population changes based on the time series
data of annual temperatures (mean, minimum, maximum, absolute minimum and absolute
maximum temperatures), number of annual frost days, annual precipitation and annual mean
relative humidity in Saman Region, Chaharmahal & Bakhtiari Province, were shown in the table

(6). Based on the results, the influence of annual mean, minimum and maximum temperatures
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were statistically significant and positive; whereas the effect of annual frost days and annual
relative humidity were statistically significant and negative on PTB population changes (Figures
1and 2).

Prediction of pest population changes in the future under climate change scenarios

Based on the climate change scenarios (IPCC 2007), the pest population changes were predicted
for the next 20, 40 and 50 years relative to 2017 (years; 2037, 2057 and 2067). Table (7) shows
the estimated population of the PTB using the regression model y=419.86 x - 4903.55 (population
changes to annual mean temperature). As the results show, by assuming the constant influence of

other biotic and abiotic factors, the pest population will increase under all tested scenarios, which

is greater under A1F Gompared than others:

DISCUSSION

by climate factors under field conditions (Petzoldt and Seaman, 2006; Ullah et al., 2012; Bayu et

al., 2017; Saeidi and Nemati, 2017 and 2020). Our results indicated that PTB population and
damage significantly affected by climate variables in Saman Orchards, Chaharmahal va Bakhtiari
Province, Iran. The pest population was significantly increased by incréasing temperatures, while
decreased by increasing the percentage of relative humidity and number of frost days. The effect
of changes in temperature and humidity was reported on development and outbreak of many
agricultural pests such as spider mites (Mandal et al., 2006; Ahmed et al., 2012; Kumar et al.|
2015), bark beetles (Bentz et al., 2010; Yihdego et al., 2019), whiteflies (Pathania et al., 2020),
Thrips tabaci (Bergant et al., 2005), Anosia chrysippus (Sudan et al., 2015) and Leopard moth,

Zeuzera pyrina L. (Saeidi et al., 2023). Beside thedirect impact, climate factors may indirectly

significant trends in the studied climate factors during 2007-2017. Mean

temperatures of annual, different seasons and months showed significant and increasing trend,
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whereas number of annual frost days and percentage of relative humidity indicated decreasing
trend. The phenomenon of climate change and increasing average temperature, or global warming,
IS a serious threat to the future of human life. According to Pachauari and Reisinger (2007),
increase in greenhouse gases and climate changes is primarily due to human activities such as
development of industrial activities and transportation systems and it is expected the earth could
experience global warming of 1.4 to 5.8 °C over the next century. Our results indicated an
increasing trend in the temperature during the studied period (2007-2017) in Saman (Chaharmahal
va Bakhtiari Pfovinee) Meteorological Synoptic Station. According to Skendzick et al. (B2 one
of the most important consequences of climate change is the increase in temperature, which
ultimately affects other climatic phenomena and leads to changes in the agricultural pest
population. Global climate warming could trigger an expansion of insect geographic range,
increased overwintering survival, increased number of generations, increased risk of invasive
insect species and insect-transmitted plant diseases, as well as changes in their interaction with
host plants and natural enemies (Skendzick et al., 2021).

Our results indicated significant and increasing trend in the mean minimum temperatures of
annual, winter and autumn seasons (especially January and February months) which may
significantly influence on the twig damage and number of emerging PTB adults in the first
generation. According to Hill (1987), winter is the most critical season for many insect pests, as
low temperatures significantly increase mortality and reduce their populations in the following
season. Pachauari and Reisinger (2007) indicated that global warming is most pronounced in
winter at high latitudes, therefore, insects that undergo a winter diapause are likely to experience
the most significant changes in their thermal environment (Bale and Hayward, 2013). Considering
that PTB overwinters in the form of the first to second instar larvae inside the twigs and shoots
(Roshandel et al., 2022 ; Erhaft et al., 2021), therefore low temperatures may kill the young larvae
in the soft, thin and none-woody branches and reduce the number of emerged PTB adults in the
spring generation. According to Erhaft et al., (2021) the spring moth emergence (1st flight) started
from third decade of April and peaked on second decade of May. In another study Kujawski (2011)
reported the warmer winter reduces the mortality of the pests over-wintering stages, and as a result,
their population increase sharply in the next season. Based on the evidence obtained from fossils,
the insect species diversity and feeding intensity have a direct relationship with temperature

(Kujawski, 2011). Biological activities and the number of pest generations significantly affected
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by rising temperature, therefore warmer March and April allow overwintering PTB larvae to start
their feeding in early spring and cause more damage. Erhaft et al., (2021) reported that the
overwintered larvae started their feeding when the mean daily temperature increased to 10°C in
April. Moreover, increasing temperature (up to optimum) during spring and summer seasons
favors faster development and emerging of PTB adults. Previous studies showed the pest could
complete 2-4 generations depending on climate conditions. Studies have shown that PTB complete
three generations per year in Sanliurfa Province, Turkey (Mamay et al., 2014), in Romania
(lacob,1970) and Saman, Chaharmahal va Bakhtiari Province, Iran (Erhaft et al., 2021), while two
generations in the Czech Republic (Kocourek et al., 1996) and four generations in_northern Utah,
USA (Alston and Murray, 2007).

As the results showed climate variables especially rising temperatures, decreasing the number of
frost days and reducing percentages of relative humidity strongly affect population and damage of
PTB in the peach orchards. Rising temperature not only affects the behavior, population dynamics,
distribution, growth and development, survival and reproduction of insects (Petzoldt and Seaman,
2006; Skendzic et al., 2021), but also may increase the survival of overwintering stages of insects
at higher elevations, and lead to expansion of their geographic range (Pareek et al., 2017).
Therefore, our findings are useful for predicting PTB population and damage in the future under
different climate change scenarios to reduce pest-induced crop losses using suitable integrated pest
management tactics. Appling of efficacious control methods such as pheromone traps (for
monitoring, mass trapping, or mating disruption), cultural techniques (removing infested twigs and
minimizing drought stress) and insecticides application (at the proper time and dosage) are
basically depend on our knowledge about changes in seasonal activity, population dynamic, and
distribution of PTB.

ACKNOWLEDGEMENTS
Financial support provided by the Agricultural and Natural Resources Research, Education &

Extension Organization, Iran is gratefully acknowledged.

REFERENCES
Ahmed, M., Mamun, M.S.A., Hoque, M.M. and Chowdhury, R.S. 2012. Influence of weather
parameters on red spider mite- a major pest of tea in Bangladesh. SUST J.Sci. Tech., 19 (5):47-53.


https://jast.modares.ac.ir/article-23-73236-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-29 |

283
284
285
286
287
288
289
290
291
292
293
204
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313

Alston, D. and Murray, M., 2007. Peach twig borer (Anarsia Lineatella). Utah Pests Fact Sheet.
Published by Utah State University Extension and Utah Plant Diagnostic Laboratory, Utah, USA.
6 pp.

Bale, J.S. and Hayward, S.A.L., 2013. Insect overwintering in a changing climate. J. Exp. Biol.
213: 980-994.

Bayu, M.S.Y.l., Ullah, M.S., Takano, Y. and Gotoh, T. 2017. Impact of constant versus
fluctuating temperatures on the development and life history parameters of Tetranychus urticae
(Acari: Tetranychidae). Exp. Appl. Acarol., 72: 205-227. https://doi.org/10.1007/s10493-017-
0151-9.

Bentz, B.J, Regniere, J., Fettig, C.J. and Hansen, E.M. 2010. Climate change and bark beetles of
the western united states and Canada: direct and indirect effects. Biosci. 60: 602—613.

Bergant, K. Trdan, S., Znidarcic, D., Crepinsek, Z. and Bogataj, L. 2005. Impact of climate
change on developmental dynamics of Thrips tabaci (Thysanoptera: Thripidae): can it be
quantified. Environ. Entomol., 34(1): 755-766.

El-Halawany, A.S.H. and Abdel-wahed, N.M. 2013. Effect of temperature and host plant on
developmental times and life table parameters of Tetranychus urticae Koch on persimmon trees.
(Acari: Tetranychidae). Egypt. J. Agri. Res., 91 (2), 595-607.

Erhaft, B., Saeidi, Z. and Shakarami, J. 2021. Seasonal activity and damage caused by peach

twig borer Anarsia lineatella Zeller (Lep.,: Gelechidae) on different peach cultivars. J. Crop
Protec. 10(4): 623-632.

Hill, D.S. 1987. Agricultural insect pests of temperate regions and their control; Cambridge
University Press: New York, NY, USA, ISBN 0521240131

lacob, M., 1970. Contributions to the study of the ecology of the peach twig borer (Anarsia
lineatella Zell.). Hnalele Inst. Centr. Cercet. Agric., Protec. P, 8: 153-168.

Kendall, M.G., 1975. Rank correlation methods, 4™ ed. Charles Griffin, London. A70°p.

Kocménkova, E., Trnka, M., Juroch, J., Dubrovsky, M., Semeradova, D., Mozny, M., Zalud, Z.,

Pokorny, R. and Lebeda, A. 2010. Impact of climate change on the occurrence and activity of

harmful organisms. Plant Protec. Sci. 45: 48-52.

10


https://doi.org/10.1007/s10493-017-0151-9
https://doi.org/10.1007/s10493-017-0151-9
https://jast.modares.ac.ir/article-23-73236-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-29 |

314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344

Kocourek, F., Berankova, J., and Hardy, I. 1996. Flight patterns of the peach twig borer, Anarsia
lineatella Zell. (Lepidoptera: Gelechiidae) in central Europe as observed using pheromone traps.
Anzeiger fur Schadlingskunde Pflanzenschutz, 6§93 84-87.

Kujawski, R., 2011. Long-term drought effects on trees and shrubs. University of Massuchusetts,
3pp.

Kumar, D., Raghuraman, M. and Singh, J. 2015 Population dynamics of spider mite, Tetranychus
urticae Koch on okra in relation to abiotic factors of Varanasi region. J. Agrometeorol. 17(1), 102-
106.

Liang, L. and Elbakidze, L. 2011. Weather forecast based conditional pest management: A
stochastic optimal control investigation. Department of agricultural economics and rural
sociology, University of ldaho.

Mamay, M., Yanik, E. and Dogramaci, M., 2014. Phenology and damage of Anarsia Lineatella
Zell. (Lepidoptera: Gelechiidae) in peach, apricot and nectarine orchards under semi-arid
conditions. Phytoparasitica, 42:1-9.

Mandal, S.K., Sattar, A. and Banerjee, S. 2006. Impact of meteorological parameters on
population buildup of red spider mite in okra, Abelmoschus esculentus L. under North Bhiar
condition. J. Agric. Phys. 6(1): 35-38.

Pachauari, R.K. and Reisinger, A., 2007. Climate change: Synthesis report. Contribution of
working groups I, Il and 111 to the fourth assessment report on intergovernmental panel on climate
change (IPCC): Geneva, Switzerland, 104p.

Pareek, A., Meena, B.M., Sharma, S., Tetarwal, M.L., Kalyan, R.K. and Meena, B.L. 2017.
Impact of climate change on insect pests and their management strategies. In Climate Change and
Sustainable Agriculture; Kumar, P.S., Kanwat, M., Meena, P.D., Kumar, V., Alone, R.A., Eds.;
New India Publishing Agency: New Delhi, India, pp. 253-286.

Pathania, M., Verma, A., Singh, M., Arora, P.K. and Kaur, N. 2020. Influence of abiotic factors
on the infestation dynamics of whitefly, Bemisia tabaci (Gennadius 1889) in cotton and its
management strategies in North-Western India. Int. J. Trop. Insect Sci,. 40: 969-981.

Petzoldt, C., and Seaman, A. 2006. Climate change effects on insects and pathogens. New York
state agricultural extension station. 11 pp

Pohlert, T. 2016. Non-parametric trend tests and change-point detection. Published by CC BY -
ND, 7 P.

11


https://jast.modares.ac.ir/article-23-73236-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-29 |

345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375

Prakash, A., Rao, J., Mukherjee, A.K., Berliner, J., Pokhare, S.S., Adak, T., Munda, S. and
Shashank, P.R. 2014. Climate change: impact on crop pests; Applied Zoologists Research
Association (AZRA), Central Rice Research Institute: Odisha, India

Riahi, E., Shishehbor, P., Nemati, A. and Saeidi, Z., 2013. Temperature effects on development
and life table parameters of Tetranychus urticae (Acari: Tetanychidae). J. Agric. Sci. Technol. 15,
661-672.

Roshandel, S. 2019. Biology and economic of peach twig borer Anarsia lineatella (Lepidoptera:
Gelechiidae) in almond orchards of Saman. Appl. Entomol. Phytopathol., 87(2): 241-251.

Roshandel, S., Saeidi, Z. and Farrokhi, SH. 2022. Biology of Copidosoma subalbicornis (Nees)
and its natural parasitism on peach twig borer Anarsia lineatella Zeller in almond orchards of
Chaharmahal va Bakhtiari Province. Appl. Entomol. Phytopathol. 89(2): 145-155.
https://doi.org/10.22092/JAEP.2021.342240.1335.

Saeidi, Z. and Nemati, A. 2017. Relationship between temperature and developmental rate of

Schizotetranychus smirnovi (Acari: Tetranychidae) on almond. Int. J. Acarol. 43(2): 142-146.
https://doi.org/10.1080/01647954.2016.1234507.

Saeidi, Z. and Nemati, A. 2020. Almond spider mite, Schizotetranychus smirnovi (Acari:
Tetranychidae): population parameters in laboratory and field conditions. Persian J. Acarol. 9(3):
279-289. http://dx.doi.org/10.22073/pja.v9i3.59044

Saeidi, Z., Bagheri, A. and Khalili-Moghadam, A. 2022. Seasonal activity and damage caused

by leopard moth, Zeuzera pyrina L., in walnut orchards, Chaharmahal va Bakhtiari Province, Iran.
J. Agric. Sci. Technol. 24(2): 419-428.

Saeidi, Z., Zohdi, H., Besharatnejad, M.H. and Yusefi, M. 2023. Influence of climate factors on
population density and damage of the leopard moth, Zeuzera pyrina L., in walnut orchards, Iran.
Bull. Entomol. Res. 113, 767—779. https://doi.org/10.1017/S0007485323000470.

Skendzic, S., Zovko, M., Zivkovic, I.P., Lesic, V. and Lemic, D. 2021. The impact of climate
change on agricultural insect pests. Insects 12: 440-470. https://doi.org/10.3390/insects1205044

Sparks, T.M., Dennis, L.H., Croxton, P.J. and Cade, M. 2007. Increased migration of Lepidoptera
linked to climate change. Eur. J. Entomol. 104: 139-143.

Sudan, M., Pervaiz, P.A. and Tara, J.S. 2015. Impact of weather factors on population dynamics
of Anosia chrysippus infesting Calotropis procera, a medicinal plant in Jammu region of Jammu
and Kashmir, India. J. Entomol. Zool. Stud. 3(5): 254-257.

12


https://doi.org/10.22092/JAEP.2021.342240.1335
https://doi.org/10.1080/01647954.2016.1234507.
http://dx.doi.org/10.22073/pja.v9i3.59044
https://doi.org/10.3390/insects1205044
https://jast.modares.ac.ir/article-23-73236-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-29 |

376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405

Ullah, M.S., Haque, M.A., Nachman, G. and Gotoh, T. 2012. Temperature-dependent
development and reproductive traits of Tetranychus macfarlanei (Acari: Tetranychidae). Exp.
Appl. Acarol. 56, 327-344. https://doi.org/10.1007/s10493-012-9523-3.

Xu, Z.X., Tkeuchi, K. and Ishidaria, H. 2003. Monotonic trend and step changes in Japanese
precipitation. J. Hydrol. 279: 144-150.

Yihdego, Y., Salem, H.S. and Muhammed, H.H. 2019. Agricultural pest management policies
during drought: Case studies in Australia and the state of Palestine. Nat. Hazards Rev. 20z 1-10.
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000312

13


https://doi.org/10.1007/s10493-012-9523-3
https://doi.org/10.1061/\(ASCE\)NH.1527-6996.0000312
https://jast.modares.ac.ir/article-23-73236-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-29 |

406
407

408

409
410
411
412

413

414
415
416
417
418
419
420
421

Table 2. Mean of different climate variables in Saman Synoptic Station, Chahrmahal & Bakhtiri
Province, from 2007-2017

Climate variables Mean SE Range

No. of frost days 67 3.7 19-89
Annual absolute minimum temperature -12.69 1.63 (-21.8) — (-6.8)
Annual absolute maximum temperature 36.68 0.24 35.6-38.5
Annual mean maximum temperature 20.56 0.28 18.23 -22.25
Annual mean minimum temperature 6.24 0.35 2.95-7.62
Annual mean temperature 13.35 0.27 11.69 - 14.95
Annual precipitation 279.4 21.52 155.7 - 419.3
Annual relative humidity 34.73 0.73 30.95-38.73
January mean temperature 1.05 1.09 (-5.8) - 5.7
February mean temperature 242 0.67 (-0.8)-7.1
March mean temperature 7.08 0.50 3.34-9.13
April mean temperature 10.63 0.41 8.44 -13.35
May mean temperature 15.96 0.36 13.77-17.60
Jun mean temperature 21.45 0.36 19.20 — 22.94
July mean temperature 24.98 0.28 22.4-26.1
August mean temperature 24.09 0.52 19.5-26.3
September mean temperature 21.42 0.31 18.75-22.92
October mean temperature 16.95 0.27 15.16 — 18.26
July mean temperature 10.39 0.48 7.80-13.19
July mean temperature 4.28 0.39 1.75-6.82
Autumn mean temperature 10.35 0.27 8.6-11.38
Winter mean temperature 3.44 0.6 (-0.6) — 6.7
Spring mean temperature 16.02 0.28 142-17.6
Summer mean temperature 23.59 0.35 20.2-24.9
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422

423

424  Table 3. Mean number of moths caught (in each trap), the percentage of infected twigs/tree and
425  percentage of infected fruits/tree during the studied years 2007-2017, in Saman Orchards, Iran.

Growing year Moth population Infected twigs%o Infected fruits%o
2007-08 407.11 6.11 9.39
2008-09 454.08 6.82 10.47
2009-10 548.03 8.23 12.64
2010-11 782.90 11.75 18.05
2011-12 860.30 14.15 27.00
2012-13 521.40 9.85 16.15
2013-14 782.90 15.45 24.05
2014-15 938.50 17.25 27.45
2015-16 1173.10 18.95 29.95
2016-17 1349.10 20.90 33.50
Mean 781.74 12.95 20.86
SD 295.96 4.93 8.19
SE 89.41 1.49 2.47

426

427

428

429

430
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Table 4. Mann-Kendall trend analysis on time series data of climate variables in different months and peach twig borer population for
the time period 2007 to 2017

Climate Kendall's Jan Feb Mar  Apr May Jun July Aug Sep Oct Nov Dec  Winter  Spring Summer Autumn Annual
variable tau/Trend
Mean Kendall’'s ~ 0.56** 0.31 - 0.20 0.309 0.13 0.05 0.16 0.34 0.34 031 0.34 0.42% 0.27 0.20 0.49%* 0.63**
temperature tau 0.018
Trend IT NT NT NT NT NT NT NT NT NT NT NT IT NT NT IT IT
Minimum Kendall's 0.56* 0.42% 013 024 0.24 0.16 0.20 0.05 0.34 0.42 0.38 0.23 0.46% 0.20 0.055 0.60%* 0.53%*
temperature tau
Trend IT IT NT NT NT NT NT NT NT NT NT NT IT NT NT IT IT
Maximum Kendall's 0.42% 0.34 -0.12 0.16 0.309 0.09 0.20 0.055 0.45% 0.24 020 0.27 0.31 0.24 0.24 0.42% 0.63**
temperature tau
Trend IT NT NT NT NT NT NT NT IT NT NT NT NT NT NT IT IT
No. frostdays  Kendall's - -0.31 -0.02 -— -— -— -— -— -— -— -— - -0.55%* - - -0.019 -0.55%*
tau 0.51%* 0.02
Trend DT NT NT -— - - - -— - - - NT DT - - NT DT
Absolut Kendall's 0.46* 0.42% -0.34 - -0.12 -0.15 0.018 0.09- 0.17 0.22 -0.13 012 0.45% -0.16 0.17 0.12 0.46*
minimum tau 0.16
temperature
Trend IT IT NT NT NT NT NT NT NT NT NT NT IT NT NT NT IT
Absolut Kendall's 0.38* 0.16 -0.22  0.37 0.17 -0.07 0.09 0.53%* 0.05- 0.44% 0.43* 033 0.38% -0.07 0.53%* 0.44* 0.38*
maximum tau
temperature
Trend IT NT NT NT NT NT NT IT NT NT NT NT IT NT IT IT IT
Total Kendall's 0.27 -0.09 - 0.01 0.24 -0.26 0.18 -0.28 -0.18 0.08 -0.20 - -0.05 -0.01 0.07 -0.20 -0.63%*
precipitation tau 0.018 0.05
Trend NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT DT
Relative Kendall's -0.27 -0.42* 031  0.09 -0.20 - - -0.64**  -0.45* - -0.31 - 0.23 -0.38 -0.71%* -0.27 -0.49%
humidity% tau 0.63%*  0.74%* 0.53%* 0.12
Trend NT DT NT NT NT DT DT DT DT DT NT NT NT NT DT NT DT
PTB Kendall's 0.71%*  0.68**  0.67** 0.68%* 0.68%*  0.65%** - 0.68%* 0.66%* 0.63%* 0.67%*
population tau
Trend - - - IT IT IT IT IT IT - - -— IT IT IT IT
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* and ** statistically significant at 5 and 1% probability level
IT, DT and NT, Increasing trend, Decreasing trend and No trend, respectively

16


https://jast.modares.ac.ir/article-23-73236-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-29 ]

Table 5. Stepwise regression analysis for determine the most statistically significant climate variables influencing the percentage of

infested twigs, percentage of infected fruits and PTB population in Saman Orchards, Iran.

PTB population Variables Entered Model R? Mean F Significant
and damage square level
Percentage of percentage of relative humidity, mean annual minimum y=186.38-1.94x;+9.21x, 0.88 71.18 14.40 0.004
infested twigs temperature and mean annual temperature —12.26 X3
Percentage of percentage of relative humidity y=78.79 -1.69 X1 0.43 285.05 5.91 0.04
infected fruits
PTB population percentage of relative humidity, mean annual minimum y= 13280.75 -116.36 x1 + 0.97 266162.22 20.62 0.001
temperature, mean annual temperature and July mean 681.13 x, — 811.12 x3 —
temperature 77.99 X4

y= pest population and x= climate variable

X1, X2, Xzand Xsare percentage of relative humidity, mean annual minimum temperature, mean annual temperature and July mean temperature, respectively.
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Table 6. Linear regression models for prediction of peach twig borer population in relation to
climate variables, in Saman Orchards, Iran (y= Pest population and x= Climate variable).

Climate variable Model R? Mean square F Significant
level
Mean temperature y=419.86 X - 4903.55 ** 0.77 344079.4 16.42 0.01
Minimum temperature y=463.37 x -2262.86 * 0.52 235213.06 5.50 0.05
Maximum temperature y=354.79 X - 6505.38 ** 0.85  382826.03 28.98 0.003
No. frost days y=-16.1 x +1195.82* 0.56  252908.12 6.45 0.05
Absolut minimum y=11.69 x + 482.81 0.004 1813.11 0.02 0.89
temperature
Absolut maximum y=46.47 x +1376.67* 0.45  205061.58 4.20 0.09
temperature
Total precipitation y=-2.30 x + 1559.19 0.28  125775.68 1.94 0.22
Relative humidity% y=-57.90 x + 2863.23* 0.56  251038.84 6.34 0.05

* and ** significant at 5 and 1% level, respectively

Table 7. Prediction of peach twig borer population changes (no. moth/trap/year) in the future
under different climate change scenarios for the next 20, 40 and 50 years relative to 2017.

Increasing temperature for the

Increasing L

temperature/ next PTB population increase for the next
Scenario decade 20 years 40years 50years 20 years 40 years 50 years
AlF 04 15.51 16.31 16.71 1608.479 1944.367 2112.311
ALT 0.24 15.19 15.67 15.91 1474.123 1675.656 1776.423
AlB 0.28 15.27 15.83 16.11 1507.712 1742.834 1860.395
A2 0.34 15.39 16.07 16.41 1558.095 1843.6 1986.353
B1 0.18 15.07 15.43 15.61 1423.74 1574.89 1650.465
B2 0.24 15.19 15.67 15.91 1474.123 1675.656 1776.423

y=419.86x-4903.55, mean annual temperature in 2017=14.71
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