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Effects of short-term heat stress on survival and fecundity of two plant bugs.
Apolygus lucorum ( Meyer-Diir) and Adelphocoris suturalis Jakovlev ( Hemiptera .
Miridae )
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Abstract; Apolygus lucorum ( Meyer-Diir) and Adelphocoris suturalis Jakovlev ( Hemiptera; Miridae) are the major pests of
cotton because of the widespread adoption of Bt transgenic cotton in China and an associated reduction in pesticide use. The
effects of short-term heat stress on the survival and fecundity of the two plant bugs were studied to understand changes in the
biological characteristics of plant bugs encountering high temperature stress. The egg hatch rate, nymph survival rate, and
reproduction of A. lucorum and A. suturalis in incubators were evaluated after the eggs and nymphs were exposed to 27, 30,
33, 36, or 40°C for 4 h each day. Within the range of 27 to 40°C, the egg haich rate of A. lucorum increased from 84.25%
at 27°C to 94.69% at 30°C , then decreased to 44.30% at 40°C ; whereas the egg hatch rate of A. suturalis increased from
79.27% at 27°C to 87.90% at 30°C , then decreased to 60.24% at 40°C. After exposure to 40°C for 4 h, the egg hatch rate
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of A. suturalis was higher than that of A. lucorum; this indicated that the heat tolerance of A. suturalis eggs was significantly
higher than that of A. lucorum. The nymph survival rates of both species decreased with an increase in temperature. Within
the range of 30 to 40°C, the nymph survival rate of A. lucorum decreased from 70.47% to 0% , whereas that of A. suturalis
varied from 69.65% to 16.74%. Furthermore, female reproduction of both species was affected by high temperature. The
mean egg number of A. lucorum adult females increased from 64.78 at 27°C to 70.03 at 30°C, then decreased slowly. A.
lucorum did not lay eggs at 40°C. There was not a significant difference among the mean numbers of eggs laid by A. suturalis
females from 27°C to 36°C. However, exposure to 40°C for 4 h each day resulted in a mean egg number of 20.75 for A.
suturalis. In addition, duration of the nymphal stadia of A. lucorum was extended from 11.01 days at 27°C to 13.67 days at
36°C exposure. For A. suturalis, the duration of the nymphal stadia was extended from 13.05 days at 27°C to 16.58 days at
40°C exposure. The longevity of both sexes of A. lucorum adults decreased 2 to 4 days with exposure to 27°C and 36°C ,
respectively, whereas the longevity of both sexes of A. suturalis adults decreased 11 to 13 days with exposure to 27°C and
40°C, respectively. In conclusion, the egg hatch rate, survival rate, and reproduction of A. lucorum and A. suturalis
significantly decreased after exposure to higher temperatures. However, A. suturalis was more adapted to 40°C than A.
lucorum when both survival and fecundity were considered. The adaptive divergence of tolerance to extreme high temperature

may be an important factor differentiating seasonal dynamics and distribution of these species in cotton fields.
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BiERREMAA” L — R EEFE R MR fGFEENA S F 2% Apolygus lucorum ( Meyer-
Diir) , T2 H ¥ Adelphocoris suturalis Jakovlev, [ 1& 5 ¥ Adelphocoris lineolatus ( Goeze) , = y5. 5 ¥ Adelphocoris
taeniophorus Reuter R H W Lygus pratensis (Linnaeus) ' | VTAEH | BEEFE Br LKA 772 Aok A i
SRR R AR N R o S R A T R A AR TR R A B RS R A, P S R IE
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UTAER  AIFSE i iR B R RS AN TR A, R SR ) () %) 2 IR R R % 2 B U A0 | BB AR R T
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Hy = PR FAE e /71 s 4RSS Chilo suppressalis Walker 75 H f i S iR 1 33°C I 7735 S HVERG 1 0 1 & %
&Y B/ NE O B Carposina sasakii Matsumura 7E 41°C 40P 5 | 7735 SRFEAK, 72 90 Wi/ ) iR a o L
Trialeurodes vaporariorum Westwood F41—45CERE)G,rFlE ¢3 B EATE RS B AR K &l Bemisia
tabaci ( Gennadius) B-biotype Fﬁﬂ%%r‘?ﬁﬂﬁ,@,ﬁ\ﬁﬁﬁ(ﬁ%ﬂ%ﬁ“” s T EHITH T Tetranychus turkestani
(Ugarovet Nikolskii ) FIFIE M8 T. truncates Ehara 1£ 38—46°C [N 7= Bl i AN 32 520, {H 5P A9 574k 2R 45 B
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PLRER 24 h 27°C TH JAE 0 1E % 1 3R 1R, Je i s AL B i M AR 20 h AYIE R 27°C F1 4 h(12:00—
16:00) & i, FE58 30,33,36°C F140°C 4 MAEFE, A IRER7E GXZ AVE BB IR RE FR 4 N AT, TR 22 1 B8
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BEERT DU GAE Y, %6 DARIE, B H AR K E I IFE R i A, ORISR A
250 ml — UM B SRR HEA T BET , AT B 1 DU 2 SRR Y B8 4000 B E A B A= IR AR AA, b i
2P A Ik kIR I AELD AR A 1R 10% 1 K AR BRI B AN TR 3R . B R AE M A T UL e 40 A Y
Z g - B A AR I A 4 DU 2 S R AT, AR AR 3 UK,
1.4 B S5t

FHEABR 2R 5 22 53 B AN TRl B2 AL SRS OO0 ONAREfb 32 2 o tb) 7 sRAA0 o P BT I0) 7 B0 7 O DA K
B TR RE I e il R R i (] — B A 3L S PR 0 DR AR AR R t-test RATIN P 2 H) 2 5
AR R AR AN R i iR R R A B R v R WA A T R AR B R S A AN [T S e A
E G SRR AR Ay R, SCIS R AR A e b N AR R R = A H AT B < LT X 7 O R R B
EH(D = TR R EACIERER R L EBAEA TS SPSS 10.0 #8417, BB MER /K2R
P<0.05,

2 ERG5H

2.1 R AR T I R T R I O ) R

L s e TR X P 0 B R AL R R A W S (SR H . F, = 25.31, P=0.000; TRE. F, =
4.28, P=0.028) (£ 1), 7E27—A40°CTulE N, B LR THE 28 5 %6 P AL 3 58 M 27°C Zb 31 84.52%
TFE 30°C Ab BRI 94.69% , 5 BT T, 36°C AL FRIIFIL RN 76.84% , F| 40°C Zb BRI % 2 44.30% ; H R H %
BRI ) 27°C AR FE Y 79.27% b TH 2 30°C Zb B 87.90% , 5 iZ i K K, e o K M 2= 40°C &b Y
60.24% ., 1€ 27—36°C 5 [l PN , Zead AH ) 2 (4 0 2 5k va R A 3, 2 15 05 O ) AL SR AR T rp 2R s, (H 7R ARt
R 40°C AL FR AR | R B WA B AU SEAL R R 60.24% , B 3 B T B IS ALK 44.30% (1=4.69 ,df=2, P=
0.043) , 7 I v 25 05 114 B0 A 4o 15 0 114 0719 O 0 3 o 9

S Ao v TR PR R I A B I A T R (SRR . F,,=7.60, P=0.002; TUREYE. F, ,=32.42,
P=0.000(F& 1), £ 27—40°CTEHAN, Bl A W 0 TS a0 B B O R B i K, [ 27°C AR BER 7.91 d IE K &
40°C KEFEFY) 11.60 d ;i HF B W5 BRI 30°C 1) 11.53 d, B TR 09 T 3 32 i 4 4 22 36°C AL B 9.47 d, {HAE
e i 40°C AbHEJE BRI AR 2 11.01 d(F£ 1),
2.2 R R R T R R i A SRR U A s e

O TR0 4 S o R AL B P W 5 A SR S (SR E . F, , =42.11, P=0.000; .
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F,,,=10.11, P=0.001) (% 2), 7E27—40C LN, Gk B A HAETE % 27°C AL PR 60.83% 1T % 30°C Ak
BRI 70.47% , 5 BT [, 3] 40°C AL IS AA 15 3OO0 5 vh B E W A IUAATE Rl 30°C AL PRI 69.65% T [ 2
40°CAbFERY 16.74% , TE 27—36°C L[N , L M [l 55 1 0 e AL B, &8 15 i 1) AUFE s R 5 v R B i 7
FETE WA BEZES (P>0.05) s (A7E i SR B 40°C B, vh BB H 547 U TG R 5 T4 B I AR 6 %
(t= 4.387, df=2, P=0.048) ,

*1 ENEEREBEVNFEE P ESHIPANELZEINE NG
Table 1 The effect of short-term heat stress on the egg hatching rate and the eggs duration of two plant bugs

LEH W A. lucorum PEE G AL suturalis
2K H wH
FEE IR/ C x _
Temperature B AL B3 B 0 % B0
Egg hatching rate/% Egg duration/d Egg hatching rate /% Egg duration /d
27(CK) 84.52 + 5.76 b 7.91 £ 0.08 ¢ 79.27 + 11.20 b 10.96 + 0.36 ab
30 94.69 + 2.98 a 871 £0.19b 87.90 £ 5.10 a 11.53 + 0.21 a
33 87.32 + 0.81 ab 8.24 +0.03b 82.30 + 6.63 ab 10.05 + 0.73 b
36 76.84 + 1.61 c 877 £0.12 b 70.43 + 7.34 be 9.47 + 0.06 ¢
40 44.30 + 5.56 d 11.60 + 0.63 a 60.24 + 4.80 ¢ 11.01 + 0.66 ab

[EIZIP , BAT A ) 5= R R B A R P22 5% (P = 0.05)

AN TRD L 114 o v T AL ST P A W S DT AR I B (SR E R . Fy,, =21.24, P=0.000; EEH .
F,,=21.20, P=0.000) (#£2), S5 %4 B0 ARG 8 0 TH s MR 11.01 d ZEK = 13.67 d; PR H I
WG R T e e 13.05 d SEK E 16.58 d,

X2 ENBEERREEMEFHENPBTES RFEEME RHHRN

Table 2 The effect of short-term heat stress on the nymph survival rate and nymph duration of two plant bugs

LEE G A. lucorum HEREE A suturalis

BRI/ C S - S .

Temperature Fr U IR R AU Fr AF IR R # AU
Nymph survival rate/% Nymph duration/d Nymph survival rate/% Nymph duration/d

27(CK) 60.83+2.20b 11.01+0.22¢ 68.04+2.37a 13.05+0.19¢
30 70.47+1.72a 12.12+0.25b 69.65+4.66a 13.19+0.74¢
33 65.35+3.81ab 11.85+0.34b 55.13+£9.56b 14.29+0.25b
36 54.58+6.51c 13.67+0.11a 50.28+0.28b 14.92+0.36b
40 0.00+0.00d — 16.74+3.82¢ 16.58+0.57 a

SR H A S A 2 e TR R R e 0 HUAEE R (YY) MR B IR (X)) [l T LS, R IR E i
WIFFE IR REIME R R (£ 3), SRS EH B M BE A 50% MR FET- BYTEE 43 51~ 39.95°C I 42.
28°C , B HH2E 2.33°C , S ESE B B A B H W L 90% MASET FYIRE A 22 2.34C

X3 FEBNPESREREEEESRREEZ AN EIIFHREGT

Table 3 Curve equation from regression between temperature and averaged nymph survival rate of two plant bugs

5% Plant bugs EE 772 Regression equation R? P Ltemps,/ C Ltempg,/ C
LEH % A lucorum Y = -939.86 + 63.89X - 1.01X2 0.99 0.008 39.95 39.97
FEEE A swuralis Y = -218.07 + 20.39X - 0.36X> 0.97 0.025 42.28 42.31

2.3 ERERERAT SR E AN B ORI O R A 1 5

BR T 40°C AP 43 U JC IR AR A, A S B T S T PN o Y X % e R b U i B T AR IR A
RELW (R E. F,,, =156, P=0.260; TREE: F, =258, P=0.083) (% 4), SFHEH" T 27C
A e, 4 9.96 d, i E AR T 30°C Rl 33°C A {H 5 36°C AL A W E 25 (Fy,,=4.74, P=0.021) ;'
MAH AU 27°C ARBRAY 12.71 d, BT 2 30°C ARBEY 15.62 d, J5 2 # T %, 40°C A HE R, PR BRI A3.94 d
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(F, 15=6.27, P=0.004) , J & X 4% 5 6 A b R J I 007 P i R A B 358 I 27 °C AR BT 4 H -7
Py g S M =Bl 64.78 KL 30°C AL E , PR 1Tt & 70.03 i, R T 27°C AR B FEER L (F, =
15.10, P=0.000) ,J5 P2 BRHEE 2T R [ 36°C AL FR IR 2 50.03 ki ; o BB i 72 B A 27°C—36C Z Al A
25 PR ME = P R 63—75 R, 3 T 40°C /b BRI 20.75 Ri(F, ,=4.96, P=0.018) (% 4),

F4 ENSERBXNREHMNEEESINETH . IR

Table 4 The effects of short-term heat stress on the reproductive parameters of two plant bugs

LRE Y A. lucorum FEEE A swuralis
2 9E fE - o G - o i

Toune anipetion Oopeen "IV T e )

period/d period /d Fecundity period/d period/d Fecundity
27(CK) 7.73£0.15a 9.96+1.23¢ 64.78+5.22b 7.82+0.90a 12.71+1.21b 67.71+19.50ab

30 7.67+0.50a 15.70+0.75a 70.03+1.70a 6.49+0.61ab 15.62+2.44a 75.72+5.27a

33 8.28+0.61a 14.28+1.54ab 66.93+5.81ab 5.09+0.46¢ 11.96+0.76bc 72.25+9.02a
36 6.99+0.25a 11.24+1.44bc 50.03+3.64c 5.73+0.45be 9.55+2.12¢ 63.71+18.88ab

40 — — — 6.39+0.73abc 3.94+1.47d 20.75+6.38¢

2.4 IR EE XAk i N P B U B U A Y R

o L 52 I A W R P T M R ) A A LR S AE 27—33°C AL S E M A 22 FR
B3 (F,4=2.92, P=0.077), 7£36°C I miRALILS , 4% F i i P2 F4r o 20.58 d, % R3E KT 30°C 4L
P 28.00 d (:=3.40, df=30, P=0.002) , 7F 27—33°C FACPR)G , 4% 5 s i T 1) 75 A T AT 0 35784k, 36°C 15
T BRI | o 5 W i ROV 754k 17.46 d, B T I A B e R A4y (F, ,, =3.56, P=0.044) , 7F 27—
36°C TG AL BRI , o 2A i M A U T 25 5 7E 40°C Kb B S A Aol 11.00 d, 2R
T 27—33C B ME A (F, ,=3.56, P=0.033) M AYFEH B AU 8.56 d, B34 T 27—36°C 4b 3
(e (F, ,=9.52, P=0.001) (£ 5).

x5 GHNEREENEEFBENHRTENREGHIIG
Table 5 The effects of short-term heat stress on the longevity of two plant bugs adults

FREEIRE/C S5 W L A A Longevity of A. lucorum/d v B 0 R F7 A Longevity of A. suturalis/d
Temperature I 1 Female T H Male L Female T Male
27(CK) 22.60+1.93ab 21.24%1.22b 22.97+1.36a 21.66+0.46ab
30 28.00+1.74a 24.33+2.20a 24.93£3.05a 24.18+1.26a
33 24.59+2.31ab 23.23+2.31ab 20.95+3.98a 19.63+1.30b
36 20.58+1.06b 17.46+0.23¢ 17.67+0.55ab 16.12+1.71b
40 — — 11.00+3.79b 8.563.42¢

2.5 SEEHHA R TS SRR R S 0 SRR A R

AR AR AT, 30°C 1Y /5 i 2 R AP B e B , S B iR O 21.96, TR H I M 21.79,7F 33—40C =
TR, 0 H G R I A S R RO B T RS 7E 40°C =R 2 EE I S H i R R SR RO
0, 1 Th B I 1 AP RS SR 5 0.80(F£ 6)

3 e

B HUR AR RSy, X A A AR TR, R B A T R A A K T BB, AT R I L
MRS AR EE EAYIRLEE S R | B St rh A K A A TR EE Y e T o R A A, T AR 3 1 i
xR IR LT RPEARRIRN S A YA 2RI A KT, T s T R SR A
T o8 B SRAE 1 AR A e A e £ e it B A , T Pl R R IR AR A 5 1K B 30°C DL R v il R )
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PUHE I 39°C , LR B 40°C LA b, 17k vl 22 e 0 PRI 5 e 1 7 45% ARL AR B ) R D, X 00 FL AR A A A T
R kA BAT AR A

R6 ZEBNPEERETARSERRRNIRMEALSR

Table 6 The experimental population life tables of two plant bug were exposed to short—term heat stress

BRI /C LEE I A, lucorum FEEE A suuralis
Temperature 27(CK) 30 33 36 40  27(CK) 30 33 36 40
YKL () Egg 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
JUIEAL % Egg hatching rate/% 84.52  94.69 87.32 76.84 4430 7927 87.90 8230  70.43 60.24
L HPAE (35 ) Number of adults emerged 51.41  66.73 57.06  41.94 0.00 53.94 61.22 4537 3541 10.08
W J8, HL HE 48] Female ratio/ % 047 047 051 049  0.00 048 047 037 041 0.38
77 A (KL ) Total eggs laid per female 64.78  70.03  66.93  50.03 0.00 6771 7572 7225  63.71 20.75
Iﬂﬁ%ﬁﬁ%ﬁznmﬁm expected 1565.37 2196.29 1947.83 1028.13  0.00 1752.94 2178.81 1212.91 925.01 79.51
Tl #3848 4L Population trend index (1) 15.65 21.96 19.48  10.28 0.00 17.53  21.79  12.13 9.25 0.80

AWFFTAEFEFH | 5 30°C S v AL BRAH 1L, 33°C A B %) 43¢ 1 i BT A v B s 9 ) A 3 AT IR T
| 36°C F1 40°C b BRI | 4 5 i B A AL R 43 BIREAIK T 17.85% 1 50.39% , v B 5 U5 B (1) 907 A 40 30 A T
17.47%H1 27.66% ;31X 5 Lu et al."""* TR E IR E T (10—35C) AR5 B 4% 5 6 A b 285 0 09 A9 i1k 2R 5 L
Z IR R R — S TE A L 35°C X4k B IS AT R E I O AL R E AN R, B AR SR BN, — B
BT 36°C, BV 2 J o e T, A R b 3 A AR R 5 05 O A IR Ak % (EL{EAS — B0 02 | 76 A i =i ik 40°C 1Y
SEPRTR b B W R A A R B R T AR E I DR AL R (P <0.05) |, iX FR B vp R I B A T AR i o= IR B D R
THHE,

AT FE A AR W s g T B SR 5 0 4 R T R LA WA, 5 L er ol AR E AR R
JETT 35°C AL BRI £ G i AN b B W A A TG R AR 25 R — 2, 36°C LA 1 i R R T A 3 T A
Fr U BBEAE B i, 40°C %60 B = AL B 4 5 06 AN P 28 5 i OB T 385 3110 1009% 11 83.26% ., (HAEAH
R S B B TEM SR 40°C AL E 25 i L BE Kk B BRI B B, R B H 2 ik 4 3RAE T, IR I 40°C [ 2
SRE G AETE Y L BRI 1 b R AR 40°C AR N 5 16.74% I BAETE | IX F B h B i AU
Tt M i 2 YR RE B T4 B . UL, 3 5 L S B T s R v DR R s L 509 AR BE T I L S 3 4
H IS A R E A 90% MMASET- IR R E S T E Y, S 2.33C 1 2.34C, WX S
PR, 03 I i B ity H Ko A o v TR T 37 BE 0 3 T4 B i B

T TR T X R H A B BB T R e R B BSCER A, TR 3 e 5 A B R Ok [ 42 1 R ) L R A R
Fefm R 2 UM EUE 41—45°C 575, P20 R B A0S 3 CEE 39—40°C iR B8 F =i~
RS0 A2 R R s R T o T R v B 0 1 7 B o R LA W R R, S T 0 30°C AR B , K M
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