Iranian Journal of Plant ProtectionScience Ol (S 5 S iils
Vol 51, No 2, A}}tumn and winter 2020 (265-274) (FPB-YVE) 1TA4 e g 3ol ¥ 5,led D) 5,0
DOI: 10.22059/1jpps.2020.290195.1006913 i

(O 3@ SBOLW! 33 i cuw 7 S w0 (b Il 9 905 § Al Sbod awl BT (yuos
Oleaol 9 (28 OlmlydT

Tyge0 5 i3 9 (ol pheo 7 PUBH 285 e
Olnl 5 «558LaS g 9 Shigel «liniog Glojlu 98 (S oLS Slidiog dunsge jLusls )
O edrng )| cdog )| olBiils ¢55,9laS caSliils (S5l 09,5 JLisls 5 ile (ggmmiils Y
QA7 VYT 3 pdy gl — QA OVAY iedl s 5o ,b)

o>

K k4

AT s bgbss AN il Ol e SBL ST Sege Cydia pomonella (Linnaeus) o ¢S
o ST sls w5855 sl Lalal (K38 AT Ry ladis ol (55,2 3T onl selcadipn J RS iy
ST 55 558551 Sl pat e o s 25002 Vb SB35 AL b AT Jbe S 5550 5 ) ) skee L s
Ol Lokl 53 s o 05 laconer Glos @l sed 5 Ad; Ly, 2l Jaoh 55 (el gl p ol )92
A 3,50 am a5y e daa 3l eslital b 0T ged 5 A, ales sl yatls RAr 3 on Vil 5 0 Olow 3
OLE 1y andlaes s g0 Sacanas 3 gy 23550 (2> S aS Lo 1SS o ol odd 3550 polie o gl codal sy S
w5 4 Ol 5 g8 Olml 3l L1 Okl 53 o p S (satame JLL 5505 S god 5 Ay slos mly Bliwl sl
2050 o 0S5 G Carer s0d g A 5595 S plLF S ssbomed D 03] 5B e predes A3 A/AC 5 ANS AYY
wbs LBl s Sl sy gk o B g g A 3= 55, NAO/AL 5 WYY AYYVE Cd i 4y gy
AET S o g 5 gliteny SLMBI a4 (gliws 3ls DL 1y 88 e bl 53 jiis o p S it slaorex

Ll (55572 SIS BT (amyi-cola b 4 5-55)) 2l S 5L sl G3s

e o e oo gla et ((ABT S e p S 1S (SO ST9
Estimation of the low temperature threshold and thermal requirement of the established
codling moth populations in West Azerbaijan, Tehran, and Isfahan provinces

Hossein Ranjbar Aghdam"", Meysam Ghasemi’ and Younes Karimpour®
1. Associate Professor, Iranian Research Institute of Plant Protection. Agricultural, Research, Education and
Extension Organization (ARREOQ), Tehran, Iran.

2.Former M.Sc. student and Associate Professor, Department of Plant Protection, Urmia University, Urmia, Iran.
(Received: October 5, 2019 - Accepted: September 16, 2020)
ABSTRACT

The codling moth, Cydia pomonella (Linnaeus), is the most important pest in apple orchards. To successfully
control the pest, using phenological forecasting models is necessary. Phenological forecasting models are
basically provided using temperature-dependent phenology of the pests. Estimation of the most important
eco-physiological indices of pests is essential for the preparation and use of a high-performance, accurate
forecasting model. Therefore, the current study was conducted to determine the temperature-dependent
development trend and to estimate the most important thermal indices of three established populations of the
codling moth in Tehran, West Azerbaijan, and Esfahan provinces. Results showed differences among the
values of the estimated thermal index in studied populations. Estimated values of the low-temperature
threshold were 8.32, 8.19, and 9.85°C for total immature stages of Tehran, West Azerbaijan, and Esfahan
provinces, respectively. Additionally, the estimated values of the thermal requirement were 622.74, 633.20,
and 695.84 Degree-Days for the total immature stages of the mentioned populations, respectively. The results
of this study showed differences in thermal adaptations of different populations of codling moth located in
different regions of Iran. This information is necessary to develop a precise forecasting model based on the
heat requirement (GDD or GDH) of key pests in each geographical location.
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Table 1. Comparison of the codling moth developmental times (Day + SE) collected from Tehran province
(Damavand population) at the studied temperatures

Temperature

Developmental Time (Day)

Developmental stage °C) Number NMoan* SE M. Nt
15 328 1291+0.03 ¢ 12 15
21 193 7.04+0.01d 7 8
. . 24 135 541+£0.04 ¢ 5 6
Incubation Period 57 102 262+004b 2 5
30 200 4.01+0.02a 4 5
**35 500 - - -
15 34 42.05+036¢€ 39 46
21 66 22.59+0.14d 19 26
Larval Period 24 46 17.23+0.13 ¢ 15 19
27 45 14.80 £0.08 b 14 16
30 72 13.48+0.15a 11 16
15 34 39.58+£0.32 ¢ 37 43
21 66 21.51+0.16d 18 25
Pupal Period 24 46 16.21+0.12¢ 14 18
27 45 13.66 £0.16 b 12 16
30 72 11.92+0.15a 10 15
15 34 93.46+£0.67¢ 88 101
21 66 51.10+£0.26 d 44 56
Total Immature Stages 24 46 38.45+0.22¢ 34 42
27 45 32.62+£021b 30 36
30 72 29.34+£0.22a 26 34

* Means with different letters in each column had significant difference in the same developmental stage,
according to Duncan’s Multiple Range Test, P < 0.05.

** None of the eggs hatched at this temperature.

bl aeyo 0 Jlis! maw jo (Sls Qyﬂ&b‘m O B 50 Sglate By y> gl a5 gl ol 51 SO 4 by e oSl

A IS e IS
NS g 8 s 5l Sogme Lo ol jo s



y#a VYA Gl g 5ml oV 8,Leds DY 5,90 o)l pl (Sl S iils

slod )3 59, W/ (1 Slee jsbas o 5 JUL =15
slod 58 59, YMAZ 1 0oy 50lgS g pogundis 4,0 10
obly s Jlo ol bl S pugendas 4250 T
Job 59, Lod &l s Jlo tne ,3b ooel sy gl
F=9808,df=4,) i ) ol o 5 &3, 5,90
«(F = 2542, df = 4, P < 0.001) s,¥ «(P < 0.001
JUL 8,50 JS 5 (F=3038,df =4, P <0.001) § a5
20,8 3l |y o p,5 (F=4417, df =4, P < 0.001)
J=re g g 0 slwo g Jobo (saineg S bl
oLl b (o) 0550 laled 10 o p,5 (ol alizes
J9oz) o plosl 00,5 0 Jlozo! gelas yo SUls (55051 5|

(Y

2% ol liul - o130 o 055 Camozr
Soz JLL Jolio g0 g 0 8598 Jobo (o) 2 @l
st OlmlydT sl o3l dilate )0 jEis o 0,5
Ay ¥O g Te Y VF LYo 00 (F)) al gl # 4o
0 YO leo jo il oo I VY Jaaz o wgudes
(30e 00 1) (omy 123,50 Sloe5 5l Sz (gemdes
Los oyl 50 gy dslol ISl bl (] diais & a5
5= g by slwoygs Job oo sles 0 3 (Jg 0t jee
@S b ood s, Hsbar o 0,5 JLL gy 250
Agled o S Comax i 3 il o ol cawoay
ol8 b JLG Jo e gai g 0k 690 Jobo el SLas
g3 9 08 693 Jobo (S SYsbo bl Gl 09 Leo

slales ;5 (56 comaz) 258 Ol ST plesl s 0,8 LU (s 2150 Ggy £ SE) si 5 03,8550 Jsb ¥ Jsur

IR0 HPR
Table 2. Developmental times (Day + SE) of the codling moth immature stages, collected from West Azerbaijan
province (Nazlou population) at the studied temperatures

Temperature Developmental Time (Day)
Developmental stage Number
(°C) Mean* + SE Min. Max.

15 247 12.89 +£0.03¢ 12 15

20 240 7.11+£0.04d 6 8

Incubation Period o 138 32003 > 0
27 103 4.73+0.04b 4 5

30 181 4.01+0.02a 4 5

**35 500 - -

15 31 4293+048¢ 39 48

20 64 2429+0.14d 23 26

Larval Period 24 45 19.42+0.17 ¢ 18 21
27 52 15.84+0.08 b 14 18

30 51 13.27+0.10a 12 15

15 31 40.48+043 ¢ 37 46

20 64 20.23+0.16d 18 23

Pupal Period 24 45 1646+0.12 ¢ 15 18
27 52 13.57+0.10b 12 15

30 51 11.58+0.10a 10 13
15 31 9541+0.89 ¢ 89 105

20 64 51.50+0.26 d 48 56

Total Immature Stage 24 45 40.88+£0.25¢ 38 44
27 52 33.90+023b 31 38

30 51 28.86+0.22a 27 31

* Means with different letters in each column had significant difference in the same developmental stage,

according to Duncan’s Multiple Range Test, P < 0.05.
** None of the eggs was hatched at this temperature.
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Table 3. Developmental times (Day =+ SE) of the codling moth immature stages, collected from Isfahan
province (Semirom population) at the studied temperatures

Temperature

Developmental Time (Day)

Developmental stage ) Number
Mean* + SE Min. Max.

20 729 8.67+0.03d 7 10

25 507 523+0.03¢ 4 7

Incubation Period 27 547 488+0.03b 4 6
30 500 439+0.02a 4 5

**35 500 - - -
20 48 29.92+0.65¢ 23 34
Larval Period 25 52 2350+0.75b 16 30
27 38 2220+1.01b 17 32
30 52 16.00+0.23 a 14 18
20 32 30.00+0.95d 25 34
. 25 34 17.31£0.67 ¢ 15 22
Pupal Period 27 35 16.91+0.23 b 12 18
30 46 14.05+0.44 a 10 18
20 32 70.31 £0.98 ¢ 64 74
25 34 4337+0.77b 39 48
Total Immature Stage 27 35 42264096 b 37 48
30 46 3450+0.44 a 31 39

* Means with different letters in each column had significant difference in the same developmental stage, according to
Duncan’s Multiple Range Test, P < 0.05. ** None of the eggs was hatched at this temperature.
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Table 4. Degree-days linear model, lower thermal threshold, and thermal requirement of three studied

population of the codling moth.

) B Liin K R R
Population Origin Developmental Stage Degree Day Model ©C = SE) D = SE) <107 (x 10{2) P-value
Egg DR =-0.089 +0.011 T 7.98 +0.01 89.08 +2.77 98.9 98.3 0.005
Larvae DR =-0.024 +0.003 T 7.16 £ 0.03 300.28 + 16.61 97.6 96.45 0.011
Tehran (Damavand)
Pupae DR =-0.039 +0.004 T 9.46 +0.01 241.74 + 10.50 99.3 99.0 0.003
Total Immature Stages DR =-0.013+0.002 T 8.32+0.02 622.74 +33.90 98.1 97.1 0.009
Egg DR =-0.091+0.011T 7.93 +0.01 86.71 £2.77 98.9 98.6 0.0004
West Azerbaijan Larvae DR =-0.027 +0.003 T 8.19+0.03 294.83 £ 16.61 99.4 99.3 0.0001
(Nazlou) Pupae DR =-0.034 +0.004 T 8.45+0.01 250.04 + 10.50 99.3 99.1 0.0002
Total Immature Stages DR =-0.013+0.001 T 8.19 +0.02 633.20 +33.90 99.7 99.6 <0.0001
Egg DR =-0.105+0.011 T 9.23+0.02 88.12+4.07 96.1 94.2 0.0194
. Larvae DR =-0.023 +0.003 T 8.58 +0.01 368.83 +22.42 93.8 87.9 0.0622
Isfahan (Semirom)
Pupae DR =-0.039 +0.004 T 10.58 £ 0.01 269.51 +12.38 96.7 95.1 0.0165
Total Immature Stages DR =-0.014+0.001 T 9.85+0.03 695.84 +42.11 97.5 96.3 0.0123
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