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ABSTRACT: Maruca vitrata is one of important pests in leguminous crops, especially red bean. We investigated the effects of tempera-
ture on development of each life stage, adult longevity and fecundity of M. vitrata for understanding the biological characteristics of the
insect species at eight constant temperatures of 13, 16, 19, 22, 25, 28, 31, and 34°C. Eggs hatched successfully at all temperature subjected
and larvae successfully developed to the adult stage from 16°C to 31°C. The developmental period of egg decreased up to 31°C and after
then increased. The developmental period of larva and pupa, and adult longevity of M. vitrata decreased with increasing temperature.
Lower and higher threshold temperature (7L and TH) were calculated by the Lobry-Rosso-Flandrois (LRF) and Sharpe-Schoolfield-
Tkemoto (SSI) models. The lower developmental threshold (LDT) and thermal constant (K) from egg hatching to adult emergence of
M. vitrata were estimated by linear regression as 12.8°C and 280.8DD, respectively. 7L and TH from egg hatching to adult emergence
using SSI model were 14.2°C and 31.9°C. Thermal windows, i.e., the range in temperature between the minimum and maximum rate
of development, of M. vitratawas 17.7°C. In addition, we constructed the oviposition models of adult, using the investigated adult traits
including survival, longevity, oviposition period and fecundity. Temperature-dependent development models and adult oviposition
models will be helpful to understand the population dynamics of M vitrata and to establish the strategy of integrated pest management
in legume crops.
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S Maruca vitrata)(URE: EEUHTH S 82
IKFabaceae) 2=2] i} mEg], Z7]of & F= Hzo]
o, S¥(Vigna unguiculata subsp. unguiculata)?} V.
radiata), B(V. angularis) 52 Vignass A-=1} F(Glycine
max)©] 8 TfAEZ UeA Qi (Sharma, 1998; Jung et
al., 2009; Margam et al., 2011; Grigolli et al., 2015; Srinivasan
et al., 2021). 248 T]s = ofel7he} Stopalof, Fikulofu]
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REAPAIZ A oF 8390] 232) ol A5 3312 & Ap}
H 1 ck(Jung et al., 2009; 2012).
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/\'Iio] 3% 51__1_7]— 0101 —J—Eﬂl/]—l:ﬂ— Ao ] X]—ﬂﬂ O]E =g
9l 7 0 2 AZhE| 11 9JckRiley et al., 1995). FHjofl AL oF
WE0K(1971-2000) HRE A% T2 712(Bae, 2001) &
Ae Sl T A5 4dat 11 Afolof ARt 2l o= 8
Ql=|oj(Jung et al., 2016), A AJth Y o] % o3 M=o X1
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9]
>~O_‘

3EAFO 2 o]QE|= Ao 2 A E

MEBERA MR AE, ol 59| A HYEo|
Al Qg w=cKHoffmann, 1985; Ratte, 1985). &
=g mj7fHa R shof Sof 15 A Aol ¥AE AT
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et al., 1999; Kim and Lee, 2003; Ikemoto 2005; Kim et al.,
2017; Ahn et al., 2019a, b; Jung et al., 2021). FFLe] 8-
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Table 1. Developmental periods (mean + SEM) and hatchability
of Maruca vitrata(Lepidoptera: Crambidae) eggs at constant different
temperatures

Temperature ~ Development time (days) Hatchability
) Mean = SEM (%)

13 15.3£0.13 a 23.3+6.8 b

16 9.0+£0.02 b 97.6£1.6 a

19 5.1£0.02 ¢ 97.5£2.5a

22 4.0+0.00 d 99.2+0.8 a

25 3.0+£0.01 e 100.0+0.0 a

28 3.0+£0.01 ef 100.0+£0.0 a

31 2.3+0.04 g 91.7£29 a

34 2.9+0.03 f 94.6+2.4 a

Means followed by the same letter within a row are not signifi-
cantly different (Tukey studentized range test at a=0.05). F7 gs
=14098.2, P <0.0001, hatchability F7 4 =79.1, P <0.0001.



Table 2. Developmental periods (days) (mean + SEM) and survival rates (S) (%) for each life stage of Maruca vitrata at constant different

temperatures
Tem- Life stage Larva to
perature Total adult
s Istlarva S 2ndlarva S 3rdlarva S 4thlarva S Sthlarva S S Pupa
°O) larva emergence

13 - - - - - - - - -
7.7+ 6.4+ 7.2+ 7.4+ 13.8+ 42.3+ 31.9+ 78.4+

16 0.14 a° 88.8 0.14 a 806 0.13 a 753 0.23 a 724 0.20 a 704 0.35a 704 0.17a 480 0.37 a
5.0+ 3.6+ 4.4+ 6.0+ 9.9+ 28.7+ 18.1+ 49.8+

19 0.08 b 895 0.06 b 884 0.14b 85.3 0.25b 64.2 0.33b 316 0.46 b >1.6 0.15b 379 0.29b
3.4+ 2.3+ 2.7+ 3.0+ 4.2+ 15.6+ 10.2+ 28.0+

22 0.05¢ 8.0 0.05¢ 8.0 0.07 ¢ 949 0.07 ¢ 4.9 0.06 ¢ 778 0.08 ¢ 778 0.11c¢ 64.6 0.20 ¢
2.9+ 2.4+ 2.8+ 2.9+ 4.7+ 15.6+ 8.9+ 26.6+

2 0.03d 8.0 0.05¢ 4.0 0.07 ¢ 4.0 0.07 ¢ 4.0 0.08 ¢ 0.0 0.12¢ 90.0 0.08 d 85.0 0.18d
2.0+ 1.5+ 1.5+ 2.1+ 2.9+ 10.1+ 6.1+ 17.4+

23 0.00 e 99:0 0.05d 8.0 0.05de 98.0 0.03d 98.0 0.03d 4.0 0.03d 94.0 0.04 ¢ 92.0 0.07 ¢
1.7 1.5¢ 1.4+ 2.2+ 3.4+ 10.1+ 5.4+ 16.9+

31 0.05 f 7.0 0.06 d 930 0.05¢ 92.0 0.05d 89.0 0.11d 410 0.10d 41.0 0.08 f 180 0.11e
2.1+ 1.3+ 1.8+ 2.0+

34 003e 1% oose 7 009a % o08a ¥ ) ) ) )

'1st larva could not develop to next larva stage at temperature tested.
*Means followed by the same letter within a row are not significantly different (Tukey studentized range test at a=0.05). st larva Fg,
651 =1062.07, P <0.0001, 2nd larva F¢ 630 = 617.62, P <0.0001, 3rd larva Fs sos =475.91, P <0.0001, 4th larva F, 53 =216.26, P <
0.0001, 5th larva Fs 414 = 662.78, P < 0.0001, Total larva F’s 413 =2499.06, P < 0.0001, Pupa Fs 33, = 5127.70, P < 0.0001, and larva

to adult emergence Fs 336 = 6932.33, P <0.0001.
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Fig. 1. Linear and two nonlinear functions fitted to the data of developmental rates (day™") for each life stage of Maruca vitrata. The closed
three squares from left to right represent the development rates at 7Z, 7pand 7Hin the equation 2. 7Z and 7Hwhich are temperatures at
which the control enzyme has equal probability to be active or inactive by low or high temperature inactivation, and 7y is the intrinsic

optimum temperature. A: egg stage, B: total larva, C: pupa and D: larva to adult emergence.
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Table 3. Linear regression analysis for Maruca vitrataimmature stages
Life stage Linear regression P LDT (°C) K (DD)
Egg 0.0204 T - 0.2003 <0.0001 9.84 49.14
1st larva 0.0318 T - 0.4022 0.0002 12.65 31.46
2nd larva 0.0393 T-0.4703 <0.0001 11.95 25.42
3rd larva 0.0387 T - 05014 0.0019 12.94 25.82
4th larva 0.0285 T - 0.3366 0.0056 11.81 35.10
Sth larva 0.0216 T - 0.2814 0.0156 13.04 46.33
Total larva 0.0060 T - 0.0752 0.0077 12.49 166.09
Pupa 0.0105T-0.1395 0.0001 13.27 95.16
Total immature 0.0035 T - 0.0458 0.0048 12.83 280.83

LDT and K mean lower developmental threshold and thermal constant. Egg Fy s =231.43, > = 0.98, 1st larva F, 4 = 170.96, * = 0.98,
2nd larva F) 3 =34.85, =0.92, 3rd larva F, 4 = 51.63, > =0.93, 4th larva F\ 3 = 51.13, = 0.95, 5th larva F| 3 =24.77, r* = 0.89, total
larva Fy 3 =41.15, 7> =0.93, pupa F 4 =226.40, 7 =10.98, and total immature F) 3=56.55, 7> =0.95. Total immature means from 1st

larva to adult emergence.

Table 4. Parameter estimates of two nonlinear developmental rate models in the temperature-dependent development of Maruca vitrata

immature stages

Func-  Para- Life stage Larva to adult
tion  meters Egg 1st larva 2nd larva 3rd larva 4th larva Sth larva Total larva Pupa emergence
LRF Hopt 0.4291 0.7125 1.2190 0.7312 0.4998 0.4076 0.1182 0.2005 0.0691

T 308.3831 307.1656 393.40 307.9035 323.7745 304.1639 304.1648 304.2058 304.1670
Tin 274.5568 276.3608 285.40 278.5429 282.1130 278.0228 277.0922 278.9961 277.8115
T, 304.7890 306.7953 339.40 305.3325 307.5438 303.8853 303.9503 303.8952 303.9558
” 0.97 0.99 0.95 0.94 0.95 0.91 0.96 0.99 0.97
SSI o 0.4016 0.3801 0.5385 0.4829 0.5872 0.3039 0.0910 0.1546 0.0534
7, 302.8553 298.6226 299.3046 299.0644 308.8993 300.2437 300.5756 300.7382 300.6861
AHA 8113.128 15833.58 10334.18 16114.77 -1136.04 13798.59 14970.24 15455.15 15555.8
AHL  -55844.61 -116768 -86165.76  -84746.72  -36979.98  -6735491 = -72337.78 -76247 -75615.54
AHH  233071.8 173791.1 57626.83 141517.3 21060.94 226010.8 288751 246097.6 301137.7
TL 287.9083 286.913 288.7703 286.9834 295.5774 288.575 287.1113 288.4426 287.4066
TH 307.8198 302.5232 315.1883 307.4777 329.574 304.892 305.0325 305.6445 305.0618
X’ 0.0035 0.0014 0.0097 0.0124 0.0091 0.0149 0.0034 0.0017 0.0018
” 0.99 0.99 0.96 0.95 0.96 0.92 0.96 0.99 0.98

LRF function Egg F3 4 =43.53, P <0.0016, 1st larva F3 3 = 122.66, P < 0.0012, 2nd larva F3 3 = 20.16, P < 0.0172, 3rd larva F3 ;3 =
16.35, P <0.0231, 4th larva F5 3 =20.93, P <0.0163, 5th larva F5 , = 6.47, P <0.1368, Total larva F5 , = 14.70, P < 0.0643, Pupa Fj,
2 =46.27, P <0.0212, and larva to adult emergence F5 , = 22.60, P < 0.0427.
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Fig. 2. Cumulative proportions of development completion for egg (A), larva (B), pupa (C) and egg hatching to adult emergence (D) of
Maruca vitrata as a function of normalized time (developmental time/mean developmental time). The observed data was fitted by using

the two-parameter Weibull function (solid line). Solid dots are observed data.
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Table 5. Preoviposition, oviposition, postoviposition, longevity (female and male) and total fecundity (eggs/female) (mean=SE) of Maruca
vitrata at constant different temperatures

Tem(;iecr? ture Pre-oviposition Oviposition Post-oviposition FemaleLongeVlty Male Fecundity

13 23.843.38 a 16.1+3.49 a 4.5£3.59 a 40.7+2.77 a 43.7+3.64 a 47.8+14.17 ¢ (12)

16 17.4+1.25b 13.44+2.43 ab 3.5£1.78 b 28.6+2.53 b 29.6+3.35 b 86.2+23.85 ¢ (19)

19 11.742.03 ¢ 10.0+1.86 be 3.5£0.82 b 25.5+1.47b 26.4+1.58 b 100.8+18.33 ¢ (17)

22 1.8+£0.15d 8.2+0.87 ¢ 1.3£0.21 b 11.3£0.99 cd 11.7+0.95 ¢ 390.0+50.46 ab (30)
25 3.3+0.26 d 9.6+0.66 b 2.240.61 b 14.8+0.89 ¢ 13.1£1.46 ¢ 511.1£52.10 a (30)

28 2.4+0.16 d 7.7£1.01 ¢ 2.3£1.11b 9.1+£0.90 d 7.7+0.75 ¢ 424.9+77.95 a (15)

31 5.1+£0.58 d 6.9+0.72 ¢ 2.8+0.55b 14.1+£0.77 ¢ 8.1+0.70 ¢ 176.8+33.78 be (30)
34 5.3+£1.09d 2.0+£0.63 d 2.2+1.28b 8.4+0.60 d 7.6+0.57 ¢ 54.0+£25.60 c (6)

Means followed by the same letter within a row are not significantly different (Tukey studentized range test at @ = 0.05). The number
of parentheses means that females could oviposit during experimental periods. Pre-oviposition: F7 143 =45.31, P <0.0001, Oviposition:
F7,143=4.58, P<0.0001, Post-oviposition: F7 143 =2.17, P <0.0403, Female longevity: F7, 9= 58.02, P <0.0001, Male longevity: F7,
28 =150.45, P <0.0001, Fecundity: F7, 143 = 14.90, P <0.0001.
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Fig. 4. The daily fecundity (mean eggs/female/day) of Maruca vitrata and survival proportion at different constant temperatures.
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Table 6. Parameter estimates for temperature-dependent adult
traits models of Maruca vitrata

Para- 5

Models Estimated values r
meters
Adult aging rate model 0.0061+0.0015
0.94
17.2515+6.5995
Age-specific survival rate 1.0869+0.0073
0.97

model 2.9629+0.0914

0.8186+0.0111 0.91

oviposition rate model 3.0159+0.1672

14799.3529+1463.23
24.4584+0.3525  0.94
h 3.0849+0.3517

Temperature dependent

a
b
a
B
Age-specific cumulative c
d
J
fecundity model g

Adult aging rate model: F 4 = 60.91, P <0.0015, Age-specific
survival rate model: F 127 =4546.79, P <0.0001, Age-specific
cumulative oviposition rate model: F» .59 = 2749.55, P <
0.0001, Temperature dependent fecundity model: F> s =36.42,
P <0.0011.

(Agunbiade et al., 2014, Sreekanth et al., 2015, Taggar et al.,
2019, Shejulpatil et al., 2020). & M= %] ol A Y5}
of QP AEE ol §afo] rhARS AL IR LS o}t

et WS 7h BEE, 5 AlRRS 13~34°C |
9] 87 2ol AR FEWY o WA= 13~
34°C R 9]oll A Fakd = AL F5-2 16~-31°CH $lofl A A5
6 2 Hk53E 4= Q11T (Table 1 and 2). Jung et al. (2007)213°C
oA o] FafslA] ATkl 7EstGi=tl & Aol
23.3% F-5}sto] Aol 0§ AA|of Aol 7} = Aoz Ak

1500
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Fig. 6. Simulated oviposition density curves of Maruca vitrata
related to temperature (°C) and cohort age.
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Fig. 5. Important components of oviposition model on Maruca vitrata. A: adult aging rate curve (1/mean longevity), B: tempera-
ture-dependent total fecundity curve, C: age-specific cumulative survival rate curve and D: age-specific cumulative oviposition rate curve.
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o] 7]} Ibadan (12°09'N, 8°40°E)
of] )5t E ot A=A At Ax(International Institute of Tropical
Agriculture) o 4] ¥ FEUYS o]-&sto] QIFAIRE o8
sho] AeS AT &2 Aol P o] Faka(23.3~
100%)©] Adati et al. (2004)2] A3}R T} =9431(7.0~97.2%),
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ol & AEC; FR 57|k Holgiok &2 Aot
Adati et al. (2004)-&34°CZ AN A FHY §50] HY|7|7}
5 2] 5311, HE)7] S-S Adati etal. (2004)] AT}7} 2
£ SEololH B ATe] Aabrrt 9 He7|7he 31°C
2710 HTt 2 7o) Az k). Chi et al. (2006)2 20,

T}, Adati et al. (2004) = Y5 P 2 2ot FRAAELEE A
Aksh= Wol| tial] 7]145kA] (L AR &, 75 B 719
F2- 9 AL E = 10.5°C, 9.8°C, 10.9°C .21, Chi et al. (2006)
7= 11.03°C, 10.50°C, 11.05°CE B 15}ct 159]
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Elyfth Huang and Peng (2002)9] 9= 7.1°C, 8.2°C,
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2= 5 UePf ek SSIgHE o] §ato] B2 2 Aol o, &
2 Hg)7] 989 TLS 14.8°C, 14.0°C, 15.3°C, To=
29.7°C, 27.4°C, 27.6°C, TH= 34.7°C, 31.9°C, 32.5°C il
Adati et al. (2004)2] A2 B3 A} Lil=d ity
STHA9] TLL- 11.2°C, 16.8°C, 8.0°C, T4=24.5°C, 28.8°C,
17.6°C, TH=33.4°C, 35.2°C, 31.8°CIr}. o] oF vt
STA E {3504 AEEd7HA IS = S TLI THE)
Aol B Ao A] 19.9°C, 17.7°C, Adati et al. (2004)2
22.3°C,20.7°C ). 2 o] o] -8 Frguygr et Lo x] 2]
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m 1o

R S i3
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Table 7. Temperature dependent development data of Maruca vitrataand source references in previous studies
Temperature Life Stage
(r: ) Egg Larva Pupa References
10 ! - - Chi et al. (2006)
13 153 - - This study
14.4 9.5 522 27.2 Adati et al. (2004)
15 10.4 46.2 23.5 Chi et al. (2006)
16 9.0 423 31.9 This study
19 5.1 28.7 18.1 This study
19.5 4.8 222 13.1 Adati et al. (2004)
20 4.0 21.3 13.7 Chi et al. (2006)
22 4.0 15.6 10.2 This study
243 3.0 13.2 8.0 Adati et al. (2004)
25 3.0 12.0 6.7 Chi et al. (2006)
25 4.0 15.6 8.9 This study
28 3.0 10.1 6.1 This study
29.3 2.1 11.1 5.7 Adati et al. (2004)
30 2.0 10.0 5.7 Chi et al. (2006)
31 2.3 10.1 54 This study
31.9 2.2 12.2 5.7 Adati et al. (2004)
34 2.9 - - This study
343 34 14.5 6.3 Adati et al. (2004)

'Egg, larva or pupa could not develop next life stage at temperature tested.
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