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ABSTRACT

This study was conducted to evaluate the fitness of Tetranychus kanzawai Kishida
on different host plants: young and old leaves of the mandarin orange 'Shiranuhi'
((Citrus unshiu x C. sinensis) % C. reticulata), Japanese violet (Viola japonica Langsd.)
and kidney bean (Phaseolus vulgaris L.). The development and oviposition experiments
were conducted at constant temperatures (20, 25 and 30C) and a life table parameters
were estimated. 7. kanzawai could complete it's development on 'Shiranuhi' young
leaves, japanese violet and kidney bean, while all died during the immature period
on 'Shiranuhi' old leaves. The total developmental period of 7. kanzawai feeding on
'Shiranuhi' young leaves was 17.4, 13.4 and 10.2 days at each temperature,
respectively, which was longer than 16.1, 9.5 and 7.0 days of kidney bean. The
female longevity of 7. kanzawai on young leaves of 'Shiranuhi' were 19.1, 15.0 and
12.3 days at each temperature, respectively, and there was no significant difference
from 22.1, 14.1 and 10.9 days investigated from kidney bean. The fecundity was
18.1, 23.9 and 17.8 eggs per female on young of 'Shiranuhi', which was less than
them of japanese violet and kidney bean at each temperature, respectively. As a
result of estimating the life table parameters on such host plants based on the
experimental data, intrinsic rate of increase (r,) were significantly different from each
other, and appeared in the following order: kidney (0.1542, 0.2563 and 0.3251),
japanese violet (0.1087, 0.2007 and 0.2673) and 'Shiranuhi' young leaves (0.0868,
0.1002 and 0.1217) at each temperature, respectively. As a result of the select test
for each host plant, the average number of settled 7. kanzawai followed; young
leaves of 'Shiranuhi' : kidney(3.7 : 5.4), japanese violet : kidney(1.3 : 6.8) and
young leaves of 'Shiranuhi' : japanese violet(6.5 : 2.2). The management strategy

against 7. kanzawai in citrus orchards was discussed based on these results.
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Z}-g-ol(Tetranychus kanzawai Kishida)i= -5-°ll=(Acarina) 21-§-°l|¥KTetranychidae)®ll <
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1. AFeohe Feza 54

Z}-&-oN(Tetranychus kanzawai)= -6 ¥ (Acarina) -5 ol ?H(Tetranychidae)ol| <3}
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Ak AddI gdAl Wi & "WyE+F T2+ F1 Y A S+ T2+
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Elubi(Kang et al., 2018)2F1 33T},
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1
%XH(Orins sauteri Poppius), 74 OLHP%7H(Ollgota yasumatsui Kistner) o] &
Row wf H3t oM ¢HFLS dolg]-gofo]th(Lee et al., 1995; Jo,
2000). Ryu et al.(1997)> Zl€olg]&ele} z1dolg]-gol7t $t=9] &4 BE 2
23] Jot 998 s wy By
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25% 83.3 ppm(Paik and Kim, 2010), Spirodiclofen 36% 90 ppm(Seo et al., 2004),

=
k)

o]
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Table 1. The results of two-way ANOVA for the duration of each developmental

stage (d) of T. kanzawai in different temperature conditions and host plants

Stage Source df F P

Temperature(Te) 2 2383.56 <0.0001
Eges Host(H) 2 47.55 <0.0001
TexH 3 5.74 0.0009

Error 201
Temperature(Te) 2 162.64 <0.0001
Larvae Host(H) 2 83.30 <0.0001
TexH 3 9.36 <0.0001

Error 201
Temperature(Te) 2 50.71 <0.0001
Protonymphs Host(H) 2 88.93 <0.0001
TexH 3 10.53 <0.0001

Error 201
Temperature(Te) 2 124.02 <0.0001
Deutonymphs Host(H) 2 18.79 <0.0001
TexH 3 3.29 0.0217

Error 201
Temperature(Te) 2 1203.80 <0.0001
Total Host(H) 2 179.52 <0.0001
TexH 3 23.25 <0.0001

Error 201

Table 2. The results of two-way ANOVA for the longevity (d), fecundity and daily fecundity

of female adults of 7. kanzawai in different temperature conditions and host plants

Stage Source df F P
Temperature(Te) 2 53.10 <0.0001
Longevity Host(H) 2 29.25 <0.0001
TexH 4 4.81 0.0012
Error 122
Temperature(Te) 2 0.20 0.8159
Fecundity Host(H) 2 150.29 <0.0001
TexH 4 1.04 0.3906
Error 122
Temperature(Te) 2 35.14 <0.0001
Daily Host(H) 2 211.13 <0.0001
Fecundity TexH 4 7.08 <0.0001
Error 122

_10_



Table 3. The results of two-way ANOVA for the Life table parameters of 7. kanzawai

in different temperature conditions and host plants

Stage Source df F P
Temperature(Te) 2 0.31 0.7324
Host(H) 2 85.27 <0.0001
GRR TexH 4 1.28 0.2833
Error 122
Temperature(Te) 2 1.07 0.3477
R Host(H) 2 165.48 <0.0001
TexH 4 4,65 0.0016
Error 122
Temperature(Te) 2 354.11 <0.0001
T Host(H) 2 50.60 <0.0001
TexH 4 9.91 <0.0001
Error 122
Temperature(Te) 2 235.60 <0.0001
; Host(H) 2 434.95 <0.0001
" TexH 4 31.35 <0.0001
Error 122
Temperature(Te) 2 1421.06 <0.0001
A Host(H) 2 1392.44 <0.0001
TexH 4 3004.76 <0.0001
Error 122
Temperature(Te) 2 87.50 <0.0001
DT Host(H) 2 204.29 <0.0001
TexH 4 3.86 0.0055
Error 122

Table 4. Life table parameters and their formula for calculation(Krebs, 1972) used in

this study

Symbol Parameter meaning Formula
X Age interval in days -
I Proportion of females surviving to start
of age interval )
iy Number of female eggs laid by the average
female at age x )
Ry Net reproductive rate >lm,
T'm Intrinsic rate of increase(r) (log, Ry)/ T
A Finite rate of increase e’
T Mean generation time Z:cl‘,,;m(,,,/ R,

DT Doubling time (log.2)/r

_11_
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NFAE 2o e AFsof o] STk AEES Table 59 234HE 20T

et AlES AASHdf = 3, 97; F = 20.29; P < 0.0001) x}gofe] < w&7)7r
& 2 2EAY e & 5= vlisl Atk 20CelA ke odd s

AAeh Aol ATt vlashd F 2573kl Agthdf = 2, 80; F
Co el AR & A Abgel
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2 E
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0.0006). & A&t B 7|58} vlasto] shebg o7l g Be oA
FrelstAl At AN A AT deA ] AtdkrE vlwetd g o
NA L Ab&FTE EAIR 20CE AlQE U A| 2R E SAFOE fos)
A ThE A 20T df = 2, 24; F = 43.75; P < 0.0001; 25°C: df = 2, 54;

_

65.2; P < 0.0001; 30C: df = 2, 44; F = 47.7; P < 0.0001). B& %A 7
woll mE ddrskes AdE o, AN o, debe o £A= 3

kol UERGTH20°C: df = 2, 24; F = 86.81; P < 0.0001; 25°C: df = 2, 54;
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= 86.48; P < 0.0001; 30°C: df = 2, 44; F = 101.62; P < 0.0001). &7 AF2 A
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3. A FAF

O A

NFA e 2ol wE Agole AR FAFS Table 73 L3kTE AR5l

°] GRR(Gross Reproductive Rate) H& oA stety oS A4S o
7HE Skt 20CE A8l st %o A GRRS shAM|ZE 3 FHdF Qo] shekg

ofdele Rt F2 AFo|d ot FAF Aol= WEFUA] GUTH20TC: df = 2,
24; F = 73.08; P < 0.0001; 25°C: df = 2, 54; F = 38.12; P < 0.0001; 30°C: df =
2, 44; F = 21.6; P < 0.0001). RIS GRRoIA ¢} 12 7ol YEFHTH20T:
df = 2, 24; F = 43.86; P < 0.0001; 25°C: df = 2, 54; F = 85.74; P < 0.0001; 3
0C: df = 2, 44; F = 55.47; P < 0.0001). M7t 7= 25T 30T 4%
AT SellAd 7HE Askom dhebe ofvSlI efAnEE Qo= Aozt glad
T25C: df = 2, 54; F = 29.76; P < 0.0001; 30C: df = 2, 44; F = 30.15; P <
0.0001). 281} 202 A% dNANZL ool 771 et oA} AdF o
B 70 o7 YEhythdf = 2, 24; F = 12.24; P = 0.0002). WA AAZ7HE 7,
& AAR R AdF o, AARE o, debe o¥e] SAUE =4 UER
(20°C: df = 2, 24; F = 6427, P < 0.0001; 25C: df = 2, 54; F = 200.42; P <

R

0.0001; 30C: df = 2, 44; F = 283.2; P < 0.0001), 7]17+57F& A A = v]5=3h

ol

o] YEFGTH20TC: df = 2, 24; F = 66.41; P < 0.0001; 25C: df = 2, 54; F =
193.92; P < 0.0001; 30°C: df = 2, 44; F = 252.77; P < 0.0001). 7N wj7}7]1%>
DT+ Ee 2LkolA stebs ofsldlelA 7 Al JosS eixlni o, %
3 2ol ol ATH20C: df = 2, 24; F = 28.8; P < 0.0001; 25C: df = 2, 54; F =
97.86; P < 0.0001; 30°C: df = 2, 44; F = 190.6; P < 0.0001).

Asohel e s ek ofRY A F (3.7 1 54), AME AT
(13 : 6.8), et o] 91Q) : A|B]ZL6.5 : 22)0 7 EAEAN A3t F 7|5 Alold
gt AeAdel Aol HEbgth(EehE - T df = 1 & = 552, P =
0.015; AWV L7 FE: df = 1; ¥* = 66.23; P < 0.0001; 3-2t5 o] Ao A v LL: df =

011

1; x> = 36.79; P < 0.0001).
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S

N7 AT A Ly} s EQ] 4= Table 839 #gktth st oA - 7
T oA & = 112 162, WA ES] = 9.7 - 88F FAIF FoAo] v

EFUA] 9kt theggs: df = 24; t = -1.67; P = 0.1087; excretion: df = 24; t = 0.37;

ol
o,
=2
2
9,

P = 0.7158). siAIm]& ol : 73 T 1.8 1229, MEE FE 1.7 :
6.80]11, dhebg ol ¢ RANZE Qe ¢ T 119 ¢ 1.8, WiEE FE 92 ¢
1.8%2 TAACRE {Folgt xfo]7F AATHN A2 A-7FTF S eggs: df = 24; ¢
= -5.19; P < 0.000; excretion: df = 24, t = -4.21, P = 0.0007; 3r&}& oj&el - 7
& eggs: df = 24; t = 591; P < 0.0001; excretion: df = 24; t = 6.25; P <

0.0001).
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Table 5. Immature development time (d, Mean = SD) and survival rate of 7. kanzawai according to host plants and temperatures

. Immature
Temperature Host plant' Development time (d, Mean + SD) Total duration i
. n Survival rate
O (Leaf) Egg Larva Protonymph Deutonymph (Egg to adult) %)
20 Japanese violet 18 7.9 + 0.50a° 4.1 £ 0.67b 3.2 £ 0.69a 3.7 £ 0.67a 18.8 + 1.41a 69.2
‘Shiranuhi’ young 21 7.0 £ 0.25b 3.5 £ 0.79¢ 3.1 £ 0.89a 3.7 £ 1.18a 17.4 + 1.76b 80.8
. . 7.1 £ 0.73b 6.0 £ 0.87a 3.5 3
‘Shiranuhi’ old - 0.0
(n=25) (n=3) (n=1)
Kidney bean 44 7.1 £ 0.40b 3.1 £ 0.35d 2.5 £ 0.34b 3.4 + 0.36a 16.1 £ 0.66¢ 88.0
25 Japanese violet 20 4.5 + 0.30b 2.5 + 0.46a 2.2 + 0.24b 2.2 + 0.37b 11.3 £ 0.52b 80.0
‘Shiranuhi’ young 9 4.1 + 0.33b 2.9 £ 0.53a 3.3 + 0.50a 3.1 + 1.36a 134 + 1.45a 45.0
) ) 4.8 £ 0.50a 2.8 £ 0.76a 2.2 £ 0.67b
‘Shiranuhi’ old 0.0
(n=25) (n=7) (n=5)
Kidney bean 47 4.1+0.27c 1.9 £ 0.34b 1.6 £ 0.44c 1.9 £ 0.28b 9.5 + 0.45¢ 88.7
30 Japanese violet 24 32 + 0.24a 2.0 £ 0.53b 1.6 = 0.48b 1.9 £ 0.47a 8.7 £ 0.94b 88.9
‘Shiranuhi’ young 9 3.1 £ 0.17ab 2.6 = 0.39a 2.5 +£ 0.83a 2.1 £ 0.42a 10.2 + 1.00a 56.3
. . 3.1 £ 0.33ab 1.9 £ 0.42b 2.9 + 0.63a
‘Shiranuhi’ old 0.0
(n=27) (n=9) (n=4)
Kidney bean 42 3.0 = 0.19 1.3 £ 0.24c 1.2 £ 0.27c 1.5 £ 0.35b 7.0 + 0.44c 87.5

! Kidney bean (Phaseolus vulgaris L.), Japanese violet (Viola japonica Langsd.) and ‘Shiranuhi’ ([Citrus unshiu % C. sinensis] x C. reticulata); young
= young leaf and old = old leaf for ‘Shiranuhi’.
? Means with the same letters in a column at each temperature are not significantly different by Tukey test at P = 0.05.

*No available data.
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Table 6. Longevity and fecundity of Female adults of 7. kanzawai according to host plants and temperatures

Temperature (°C) Host plant’ (Lea) . Female longevity Fecundity Daily Fecundity

(Days+SD) (Total eggs+SD) (eggs/day+SD)

20 Japanese violet 6 35.7 + 10.23a° 93.3 £ 22.05b 2.7 £ 0.77b
‘Shiranuhi’ young 9 19.1 + 6.35b 18.1 + 8.87¢c 1.0 £ 0.53¢

Kidney bean 12 22.1 + 6.20b 127.4 + 35.68a 59 £+ 1.05a

25 Japanese violet 16 19.3 + 6.84a 105.8 + 25.84a 5.9 £ 1.80b
‘Shiranuhi’ young 14 15.0 = 2.80b 23.9 + 13.52b 1.5 £ 0.75¢c

Kidney bean 27 14.1 £ 3.17b 121.0 £+ 31.10a 8.7 £ 1.90a

30 Japanese violet 10 159 + 4.93a 115.0 + 29.17a 7.4 £ 1.30b
‘Shiranuhi’ young 8 12.3 + 2.76ab 17.8 + 8.81b 1.5 + 0.65¢c

Kidney bean 29 10.9 + 2.63b 117.1 £ 27.85a 11.0 + 1.98a

! Kidney bean (Phaseolus vulgaris L.), Japanese violet (Viola japonica Langsd.) and ‘Shiranuhi’ ([Citrus unshiu x C. sinensis] x C. reticulata)
young leaf.

> Means with the same letters in a column at each temperature are not significantly different by Tukey test at P = 0.05.
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Table 7. Life table parameters for 7. kanzawai according to host plants and temperatures

Estimated parameters’

Temperature (°C)  Host plant' (Leaf)

GRR Ry T P A DT
20 Japanese violet 90.4 + 14.74b> 502 + 11.87b 36.0 + 5.52a  0.109 + 0.0140b 1.115 + 0.0157b 6.4 + 0.80b
‘Shiranuhi’ young 17.5 £ 7.84c 11.0 = 5.39¢ 27.8 £ 2.67b  0.087 £ 0.0177c 1.091 + 0.0192¢ 7.9 £ 1.65a
Kidney bean 125.7 £ 27.64a 753 + 21.10a  28.0 + 2.82b  0.154 + 0.0100a 1.167 + 0.0116a 4.5 + 0.29¢
25 Japanese violet 122.7 £ 50.77a  66.0 = 16.12a 209 + 2.90a  0.201 + 0.0294b  1.222 + 0.0360b 3.4 + 0.49b
‘Shiranuhi’ young 19.2 £ 10.04b 81 £ 4.56b 209 = 10.2a  0.100 + 0.0253c 1.105 £ 0.0279¢ 6.9 + 1.78a
Kidney bean 112.1 £ 3457a 768 £ 19.75a 169 + 1.55b  0.256 + 0.0188a 1.292 + 0.0244a 2.7 + 0.20c
30 Japanese violet 111.2 +£ 40.04a 79.8 £ 20.25a 164 + 1.86a  0.267 £ 0.0193b  1.306 + 0.0253b 2.6 + 0.18b
‘Shiranuhi’ young 154 + 9.83b 7.5 + 3.70b 16.7 £ 1.98a  0.122 + 0.0229¢ 1.129 + 0.0259¢ 5.7 + 1.09a
Kidney bean 120.2 + 4493a  66.7 £ 15.86a 12.9 + 1.28b  0.325 + 0.0218a 1.385 + 0.0302a 2.1 + 0.14c

' Kidney bean (Phaseolus vulgaris L.), Japanese violet (Viola japonica Langsd.) and ‘Shiranuhi’ ([Citrus unshiu % C. sinensis] % C. reticulata) young
leaf.

? Abbreviation: GRR (gross reproductive rate), Ry (net reproductive rate), 7 (mean generation time), 7, (intrinsic rate of increase), A (finite rate of
increase), and DT (population doubling time).

* Means with the same letters in a column at each temperature are not significantly different by Tukey test at P = 0.05.
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Table 8. Comparison of the number of eggs and excretion blot produced by 10 female adults of 7. kanzawai in 24h on each host arena

in select test.

No. eggs after 24h No. excretion blot (about 1/4 of egg size)
Host plant (Leaf) n
(Mean + SD) (Mean + SD)
‘Shiranuhi’ young 13 112 £ 5.71 ns 9.7 £ 6.97 ns
Kidney bean 13 162 + 9.19 8.8 £ 5.75
Japanese violet 13 1.8 + 3.72 1.7 £ 1.60
Kidney bean 13 229 + 14.15 * 6.8 + 4.04 *
‘Shiranuhi’ young 13 119 £ 5.63 * 9.2 + 436 *
Japanese violet 13 1.8 £ 2.59 1.8 £ 1.75

' The two means (the number of eggs or excretion) obtained from each select test are compared by t-test, and the statistical result represented as

followed; ns: not significantly different from each other and *: significantly different at p = 0.05
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Fig. 1. Survival rate curves of immature 7. kanzawai on different hosts plants at constant temperatures. Symbols: @ = Kidney bean
(Phaseolus vulgaris L.), W = Young leaf of ‘Shiranuhi’ ([Citrus unshiu x C. sinensis] % C. reticulata), A = Japanese violet (Viola

Jjaponica Langsd.) and 4 = Old leaf of ‘Shiranuhi’. E = Eggs, L = Larvae, P = Protonymphs, D = Deutonymphs and A = Adults.
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Fig. 2. Age-specific survival rate and fecundity (No. eggs per femlae) of 7. kanzawai
female adults on different host plants at constant temperatures: Kidney bean
(Phaseolus vulgaris L.), Japanese violet (Viola japonica Langsd.), and young leaf

of ‘Shiranuhi’ ([Citrus unshiu % C. sinensis] X C. reticulata).
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Fig. 3. The result of select test between ’Shiranuhi’ young leaf and kidney bean leaf arena with 10 female adults of 7. kanzawai.

The absolute value of each horizontal bar, represented the number of individuals settled in the host leaf in test duration of 24h.
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Fig. 4. The result of select test between Japanese violet and kidney bean leaf arena with 10 female adults of 7. kanzawai. The absolute

value of each horizontal bar, represented the number of individuals settled in the host leaf in test duration of 24h.
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Fig. 5. The result of select test between ‘Shiranuhi’ young leaf and Japanese violet leaf arena with 10 female adults of 7. kanzawai.

The absolute value of each horizontal bar, represented the number of individuals settled in the host leaf in test duration of 24h.
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Supp. Table S1. Immature development times, female longevity and fecundity of 7. kanzawai in previous studies

Tem.(C)  Host plant E' L N;?ph N v DN TC Total PO SR LG FD References

15 Pear (Pyrus pyrifolia var. cultiva) 16.2 6.9 59 7.8 36.8 - - 34.5 131.3 Jo, 2000

15 Kidney bean (Phaseolus vulgaris) 11.3 2.6 2.1 1.8 2.1 2.0 2.8 24.5 3.1 0.7 357 86.7 Ullah et al. 2011

15 Apple (Malus domestica) 13.6 6.6 2.7 43 2.6 4.5 3.7 38.0 6.2 0.8 48.8 229 Hasanvand et al., 2019a
15 Soybean (Glycine max) 10.5 4.1 2.9 2.4 2.7 2.9 3.0 28.6 34 0.8 60.6 125.2 Hasanvand et al., 2019b
17.5 Kidney bean (Phaseolus vulgaris) 10.2 22 2.0 1.4 2.0 1.7 2.3 21.7 2.5 - - - Ullah et al. 2011

20 Pear (Pyrus pyrifolia var. cultiva) 9.6 3.6 2.7 4.4 20.3 - - 222 153.2 Jo, 2000

20 Kidney bean (Phaseolus vulgaris) 7.0 2.0 0.9 1.2 1.4 1.3 1.7 15.6 1.6 0.8 283 149.3 Ullah et al. 2011

20 Apple (Malus domestica) 7.4 34 1.7 2.6 1.8 2.7 2.3 21.8 32 0.7 375 48.0 Hasanvand et al., 2019a
20 Soybean (Glycine max) 7.3 1.5 1.6 1.3 1.4 1.4 1.8 16.3 1.9 0.5 359 161.3 Hasanvand et al., 2019b
22.5 Kidney bean (Phaseolus vulgaris) 5.5 1.1 1.2 1.0 1.0 1.2 1.2 12.1 1.5 - - - Ullah et al. 2011

25 Pear (Pyrus pyrifolia var. cultiva) 4.5 2.1 1.7 2.2 10.3 - - 14.3 176.4 Jo, 2000

25 Hydrangea (Hydrangea macrophylla) 4.9 1.0 0.3 0.7 0.7 1.0 1.0 9.7 1.7 0.8 24.1 55.1 Gotoh and Gomi, 2003
25 Japanese pear (Pyrus pyrifolia) 4.8 1.1 0.8 1.0 0.9 1.0 1.2 10.8 1.3 0.8 20.9 84.3 Gotoh and Gomi, 2003
25 Kudzu vine (Pueraria lobata) 4.7 1.0 0.8 0.8 0.6 0.8 1.1 9.9 1.1 0.8 26.3 175.6 Gotoh and Gomi, 2003
25 Tea (Camellia sinensis) 5.1 1.9 0.6 1.6 0.3 1.7 0.9 12.2 1.4 0.8 18.7 453 Gotoh and Gomi, 2003
25 Kidney bean (Phaseolus vulgaris) 44 1.0 0.9 0.8 0.8 1.1 0.9 9.8 1.1 0.8 232 198.5 Ullah et al. 2011

25 Apple (Malus domestica) 4.5 1.3 0.9 0.9 0.9 1.2 1.3 11.0 1.3 0.9 32.6 90.52 Hasanvand et al., 2019a
25 Soybean (Glycine max) 4.0 1.1 0.8 0.6 0.9 0.8 0.9 9.0 0.7 0.8 29.8 238.0 Hasanvand et al., 2019b
27.5 Kidney bean (Phaseolus vulgaris) 3.6 0.9 0.7 0.6 0.7 0.8 0.9 8.2 0.9 - - - Ullah et al. 2011

30 Pear (Pyrus pyrifolia var. cultiva) 2.8 1.5 1.2 1.5 7.0 - - 13.6 143.9 Jo, 2000

30 Kidney bean (Phaseolus vulgaris) 2.7 0.6 0.6 0.5 0.5 0.7 0.7 6.3 0.7 0.8 10.2 93.3 Ullah et al. 2011

30 Apple (Malus domestica) 3.6 1.0 0.8 0.7 0.7 0.8 0.9 8.4 1.0 0.7 15.3 65.0 Hasanvand et al., 2019a
30 Soybean (Glycine max) 3.0 0.9 0.6 0.5 0.6 0.6 0.8 7.0 0.6 0.7 14.4 110.4 Hasanvand et al., 2019b
32.5 Kidney bean (Phaseolus vulgaris) 2.5 0.6 0.5 0.4 0.5 0.5 0.6 5.6 0.7 - - - Ullah et al. 2011

35 Kidney bean (Phaseolus vulgaris) 24 0.5 0.5 0.5 0.5 0.5 0.6 53 0.7 0.8 6.4 27.6 Ullah et al. 2011

35 Apple (Malus domestica) 2.7 0.8 0.5 0.6 0.6 0.8 0.7 6.7 1.1 0.8 9.7 22.1 Hasanvand et al., 2019a
35 Soybean (Glycine max) 2.6 0.6 0.5 0.4 0.5 0.5 0.5 5.6 0.8 0.5 7.4 49.4 Hasanvand et al., 2019b
37.5 Kidney bean (Phaseolus vulgaris) 2.5 0.5 0.5 0.4 0.5 0.5 0.6 5.6 0.7 - - - Ullah et al. 2011

375 Apple (Malus domestica) 25 1.1 0.8 0.7 0.7 1.0 0.7 7.4 1.1 0.6 7.2 12.7 Hasanvand et al., 2019a
37.5 Soybean (Glycine max) 2.4 0.8 0.4 0.4 0.5 0.6 0.6 5.7 0.7 0.8 7.3 30.5 Hasanvand et al.,, 2019b

"E (eggs), L (larvae), PC (protochtysalis), PN (protonymph), DC (deutochrysalis), DN (deutonymph), TC (teleiochrysalis), PO (preoviposition period),

SR (sex ratio = females/[femalest+males]), LG (female longevity), and FD (fecundity = total eggs/female).
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Supp. Table S2. Life table parameters of 7. kanzawai in previous studies

Temperature (C) Host plant GRR' Ry T T A DT References

15 Pear (Pyrus pyrifolia var. cultiva) 2 17.60 43.60 0.086 1.090 11.80 Jo, 2000

15 Kidney bean (Phaseolus vulgaris) - 46.08 37.33 0.104 1.109 6.75 Ullah et al. 2011

15 Apple (Malus domestica) 22.51 12.44 57.47 0.043 1.044 - Hasanvand et al., 2019a
15 Soybean (Glycine max) - 76.78 48.77 0.089 1.093 7.78 Hasanvand et al., 2019b
20 Pear (Pyrus pyrifolia var. cultiva) - 37.30 27.20 0.141 1.150 5.80 Jo, 2000

20 Kidney bean (Phaseolus vulgaris) - 109.36 26.03 0.181 1.198 3.84 Ullah et al. 2011

20 Apple (Malus domestica) 45.09 26.05 37.20 0.087 1.091 - Hasanvand et al., 2019a
20 Soybean (Glycine max) - 82.76 28.63 0.154 1.166 4.49 Hasanvand et al., 2019b
25 Pear (Pyrus pyrifolia var. cultiva) - 76.21 19.80 0.248 1.280 3.10 Jo, 2000

25 Hydrangea (Hydrangea macrophylla) - 44.27 19.65 0.224 1.251 3.09 Gotoh and Gomi, 2003
25 Japanese pear (Pyrus pyrifolia) - 71.24 21.25 0.229 1.258 3.03 Gotoh and Gomi, 2003
25 Kudzu vine (Pueraria lobata) - 134.80 22.17 0.276 1.318 2.51 Gotoh and Gomi, 2003
25 Tea (Camellia sinensis) - 34.11 20.46 0.187 1.205 3.71 Gotoh and Gomi, 2003
25 Kidney bean (Phaseolus vulgaris) - 146.11 17.70 0.282 1.326 2.46 Ullah et al. 2011

25 Apple (Malus domestica) 101.51 68.54 19.78 0.213 1.238 - Hasanvand et al., 2019a
25 soybean(Glycine max) - 163.55 16.80 0.303 1.354 2.26 Hasanvand et al., 2019b
30 Pear (Pyrus pyrifolia var. cultiva) - 43.90 10.50 0.297 1.340 2.10 Jo, 2000

30 Kidney bean (Phaseolus vulgaris) - 67.35 10.57 0.399 1.491 1.74 Ullah et al. 2011

30 Apple (Malus domestica) 63.31 37.15 14.29 0.252 1.287 - Hasanvand et al., 2019a
30 Soybean (Glycine max) - 79.01 12.26 0.356 1.428 1.94 Hasanvand et al., 2019b
35 Kidney bean (Phaseolus vulgaris) - 18.55 8.56 0.348 1.418 2.03 Ullah et al. 2011

35 Apple (Malus domestica) 23.92 13.60 11.08 0.235 1.265 - Hasanvand et al., 2019a
35 Soybean (Glycine max) - 17.93 8.33 0.347 1.414 1.99 Hasanvand et al., 2019b
37.5 Apple (Malus domestica) 9.46 4.35 10.97 0.134 1.143 - Hasanvand et al., 2019a
37.5 Soybean (Glycine max) - 15.28 7.98 0.341 1.407 2.02 Hasanvand et al., 2019b

and DT (population doubling time).

2 No available data.
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Abbreviation: GRR (gross reproductive rate), Ry (net reproductive rate), 7 (mean generation time), r, (intrinsic rate of natural increase), A (finite rate of increase),
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