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Effects of periodical extremely high temperature on the growth, development and
reproduction of sevenspotted lady beetle Coccinella septempunctata

Zhao Feng Bu Yali Han Hui Cheng Zhi Wang Da He Yunzhuan'
(College of Plant Protection, Hebei Agricultural University, Baoding 071000, Hebei Province, China)

Abstract: In order to evaluate the effect of extremely high temperature on the development and repro-
duction of sevenspotted lady beetle Coccinella septempunctata, the condition of high-temperature field
was simulated by setting 6-h extreme heat (36°C and 39°C) and different durations (1 d and 3 d) to put
the eggs and adults of C. septempunctata under stress, and the condition under 25°C was used as the
control. The developmental duration, survival rate, fecundity and hatchability of offspring were ob-
served and calculated. The results showed that, under the same stress pattern, the heat tolerance of adult
was significantly higher than that of egg. For example, the survival rates of egg and adult were 52.09%
and 93.94%, respectively, after being treated at 39°C. for one day. Under the same insect state, the sur-
vival rate of C. septempunctata eggs was lower with increasing treatment temperature and time, and the
survival rates of egg under four stress patterns (36°C for 1 d and 3 d, 39°C for 1 d and 3 d) were
71.31%, 62.87%, 52.09% and 24.98%, respectively. When the eggs were treated at 39°C for three days,
the developmental duration of the first-instar larvae was 2.77 d, which was significantly longer than the
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control (2.11 d), but the entire larval stage and pupal stage was not significantly different from the con-

trol. It was suggested that the extremely high temperature experienced by C. septempunctata in the early

stage of development might lead to the acceleration of its growth in the later stage of development or a

phenomenon of growth compensation. The effect of extremely high temperature on egg stage was signif-

icantly greater than that on adult stage. The eggs laid were 42.67 and 139.79, respectively, when the egg

and adult were treated at 39°C for one day. The hatchability of offspring in all treatment groups was sig-

nificantly lower than that of the control (85.42%), ranging from 0 to 64.13%. In addition, the population

trend index of each treatment group was 5.26-56.02, which was lower than that of the control group

(78.76). Therefore, the frequent occurrence of extremely high temperature in summer might reduce the

population of C. septempunctata, and it is not recommended to release C. septempunctata eggs in the

field for pest control during this period.
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Table 1 Survival rates and adult acquisition rates of Coccinella septempunctata under stress of different extremely high temperatures

WA AR AbEERTE {735 % Survival rate/% A e

Insect Treatment  Treatment 1] 1% 2% 3 4% 1 Ao Adult acqui-

state temperature/C time/d Egg  Istinstar 2ndinstar 3rdinstar 4thinstar Pupal  Adult sitionrate/%
by 25(CK) - 99.33+ 99.49+ 97.36+ 99.43+ 9630+  94.08= 96.82+ 93.44+
Egg 0.67 a 0.51a 1.56a 0.57a 0.88 ab 1.86 a 0.74 a 329a
36 1 7131+ 92.05+ 96.38+ 98.56+ 95.01=  92.70+= 93.14+ 49.60+

6.94 ab 3.17a 0.72a 0.75a 1.75 ab 349a 490a 6.67b
3 62.87+ 92.20+ 94.41+ 92.86+ 91.28+  90.05+ 91.44+ 37.26+
14.71b 1.34a 0.61la 3.13b 330b  1.97ab 2.54a 6.80b

39 1 52.09+ 91.16+ 95.59+ 96.84+ 100.00+ 83.11+ 96.10+ 36.34+
7.89 be 2.89a 1.14a  0.86 ab 0.00 a 2.68b 1.00 a 3390
3 24.98+ 58.73+ 96.30+=  100.00+ 96.30+  97.92+ / 13.73+
835¢ 7.94 b 370 a 0.00a  3.70 ab 2.08 a 2.59¢
J 36 1 L L o o L . 97.05+ o
Adult 0.86 a
3 o o o o o o 93.94+ .
4.56 a
39 1 . L o o L . 98.19+ .
142a
3 95.96+
o o B B o - 1.74 a B

15 AR R LE I (] D 45K 6 hs iR PILS 2R S RAGAAE A MERIZAE I T A e RME s d N ifstr. R sk
I AV SEERR HETR o [R] 9 A [H] 138 7R 28 Duncan [RGB 52 28 B 4G 56 22 57 .25 (P<0.05) . The duration of high temperature
treatment is six hours per day; * indicates the survival rate at day 5 after emergence; / indicates all adults died within five days of
emergence under this treatment. Data in the table are mean+SE. Different letters in the same column indicate significant difference

by Duncan’s new multiple range test (P<0.05).
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Table 2 Egg development of Coccinella septempunctata under stress of different extremely high temperatures

PR AbIRIE] & H i Development duration/d iy
Treatment Treatment 145 244 3% 445 201 Uy i HA Pupa weight/
temperature/C time/d Ist instar 2nd instar 3rd instar 4th instar Larva Pupa mg
25(CK) - 2.21+0.16 b 1.84+0.05ab 2.13+0.15 ab 4.48+0.17 ab 10.67+0.45a 4.26+0.14 ab 33.13+0.72 a
36 1 2.59+0.11 ab 1.93+0.06 ab 1.85+0.02b 4.76+0.36 ab 11.13+0.41 a 4.50+£0.08a 32.27+0.74 a
3 2.32+0.19b 2.10+0.13a 2.34+0.16a 5.26+0.03a 11.51+0.26 a 4.45+0.13 ab 32.70+2.33 a
39 1 2.23+0.06 b  2.00+£0.06 ab 2.43+0.04a 4.37+0.08 ab 11.04+£0.09a 4.13+0.05b 32.69+0.47 a
3 2.77£0.10a 2.06+£0.03 ab 2.22+0.08 a 4.18+0.10b 11.23+0.24 a 4.54+0.07a 29.76+1.04 a

e AL BRI (8] 5K 6 o R Pl P B B e o[RS AS ] - BE 675 28 Duncan [RGB A2 M 22 VARG 90 22 5 W 35
(P<0.05) . The duration of high temperature treatment is six hours per day. Data in the table are mean+SE. Different letters in the

same column indicate significant difference by Duncan’s new multiple range test (P<0.05).
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Table 3 Effects of extremely high temperature stress on the reproduction of Coccinella septempunctata

LAY GRS b PR b BHF (1] 7 BN i PR
Insect state Treatment temperature/°C~ Treatment time/d Pre-oviposition period/d Fecundity
Bl 25(CK) - 8.52+0.53 ¢ 154.44+6.16 a
Egg 36 1 12.90+0.85 a 40.30+3.11 ¢
3 10.68+0.62 ¢ 99.51+7.47 b
39 1 12.41+0.73 abc 42.67+£3.23 ¢
3 * *
A 36 1 12.17+0.23 abc 154.33+£30.19 a
Adult 3 11.02+0.30 be 138.38+3.38 ab
39 1 11.79+0.50 abc 139.79+15.79 ab
3 12.54+0.30 ab 106.57+13.77b

IR AL FRRF LRSS BE K 6 hy * 327N AR A RARAR , AR B IR BO X 2Rk . R B R I B bnifi it . [R)BAS A 7
B3R 7R 4 Duncan [ 52t 22 1246 06 22 5+ 1 3% (P<0.05) . The duration of high temperature treatment is six hours per day; * indi-

cates a very low acquisition rate of adults, which does not meet the requirements for pairing test. Data in the table are mean+SE. Dif-

ferent letters in the same column indicate significant difference by Duncan’s new multiple range test (P<0.05).

F4 FERHFRME-£ 2R FR PRI

Table 4 Effects of extremely high temperature stress on offspring eggs of Coccinella septempunctata

W6 d s Ab PR b B[] IS it LUy SRR
Insect state  Treatment temperature/°C Treatment time/d Hatchability/% Incubation/d Population trend index
1] 25(CK) - 85.42+1.01 a 3.32+0.14 b 78.76
Egg 36 1 64.13£6.37 b 3.73+0.07 a 10.68
3 9.63+1.37 ¢ 3.56+0.06 ab 16.59
39 1 18.59+2.97 d 3.59+0.21 ab 5.26
3 k k *
J 36 1 41.554231 ¢ 3.31£0.11b 56.02
Adult 3 5.44+1.02 ef 3.58+0.08 ab 55.35
39 1 7.10+0.43 ef 3.54+0.02 ab 52.84
3 0.00£0.00 £ * 50.62

T AL PRSI (] Ry 5K 6 hy * 3R L HURAFARARAR , R IR BRGSO R . R B o P B 8 bnifiiR . [W5A A5
1K 7R 2 Duncan T & M 22740 50 25 57+ 12 35 (P<0.05) . The duration of high temperature treatment is six hours per day; * indi-

cates a very low acquisition rate of adults, which does not meet the requirements for pairing test. Data in the table are mean+SE. Dif-

ferent letters in the same column indicate significant difference by Duncan’s new multiple range test (P<0.05).
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