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mEX AN MEERA T R EE R

RKE?, XKo", XEH", HEk’, + K, F E, R A
(L Hﬂ?iﬁ&k%ﬁ%ﬁé#‘%ﬁ&%/Hﬁ?%ﬁ?ﬁ%ﬁﬂi%i%%élﬁ%%i 21 730070 2. AR BE B R FE AT,
WERIERRTT 0100105 3. PR BRHLAE BAFFTAT, Wi 750399; 4. NS D BEN AR AT BRA ], N SE B
1 750399; 5. PR T R, IS BTH B 750300)

WE: ANBOF BT Eumerus seximaculatum Huo & Liu JE—Ffod] P AA I AR K MEAG T IE L HE I, AW B 1ER
FRAU NS FSREF- U A (R B S BEHHRE R, by HCTU FU A0 B A AR o 7R N IIE TS BET U A 16
20, 24. 28 1 32°C 5 MEALI T4 K T B BOR R T D0 A7 AR BTy DL KRR R SRR, T
16 ~32°CAER LRI, ZNBEF B i 14 R 58 OB AT, 25 SRS A9 K 7 Do SO B A 3 T e R i s T A3 R
P Sy PR KRB S R T R e £ R . 28°C IR AT . AR PR IR . B R A0 R
PSSR B TR, 7330 66. 67% « 150.77 K 2 277.25 S\ 34.68, 1B 28°C g7 TV EUI0Feg Ff 4 < 1) A

B EEE
KW ANBECTEHINE R AERER, BHE
RESHES: (965; $433 XERFRIRAG: A XEHS: 1674 0858 (2020) 06 — 1432 -07

Effects of different temperatures on the growth, development and

reproduction of Eumerus seximaculatum

SONG MiXia" *, LIU ChangZhong'" , LIU Ai-Ping”" , HAN Hai-Bing’, GAN Lin’, LI Zheng', LIANG
Ying’ (1. College of Plant Protection, Gansu Agricultural University /Biocontrol Engineering Laboratory of
Crop Diseases and Pests of Gansu Province, Lanzhou 730070, China; 2. Institute of Grassland Research
of Chinese Academy of Agricultural Sciences, Wulanchabu East Road 120, Hohhot 010010, China;
3. Alxa Institute of Science and Technology Information, Alxa 750399, Inner Mongolia, China; 4. Inner
Mongolia Desert Cistanche Co. , Ltd. , Alxa 750399, Inner Mongolia, China; 5. Alxa left banner city
administration, Alxa 750300, Inner Mongolia, China)

Abstract: The Cistanche deserticol stem borer, Eumerus seximaculatum, is a devastating pest, causing
severe damage to Cistanche deserticol industry. In this study, the effects of temperature on the growth,
development and reproduction of E. seximaculatum were studied in order to provide the basic information
for prediction and prevention. The developmental duration, survival rate and population trend index of
E. seximaculatum were measured under 5 constant temperature. The results showed that the whole

generation could be completed and the duration of different developmental stages was gradually shortened

FEETH: EREGEMAITRITE (2017YFD0201000) ; [EFK &AM & ITRITH (2017YFE0104900) 5 B3 SRR R H - “ PR K&
W FAEYE R OPHEBORPI RN K “ PR B E BHA BoRBZ”

EF R ROKE, &, DU, NEHFETA, B, EEAGRE RS H RPHAIIS, E - mail: songmixia@ 163. com

" BIRPER Author for corresponding: XU, H#2, FEMNFER AL, FRAEYHH. AEEWSESHES T EHHS, E - mail:
liuchzh@ gsau. edu. cn; X ZHE, WG, BTN EEF5E RBAYPHIA, E-mail: liuaiping806@ sohu. com

s fe H 3 Received: 2020 —03 -01; 5% H Y] Accepted: 2020 -05 - 18



6 1A AROKESE: IR SBEV B b F A K R B 2 BRE 15 ) 1433

as the temperature rose, but the survival rate, fecundity and population trend index increased first, and

then decreased with the increase temperature within the constant temperatures ranging from 16 to 32°C. At

28°C, the generation survival rate, the average number of eggs per female, estimated number of adults of

next generation, and the population trend index were all the largest, which were 66.67% , 150.77,

2 277.25 and 34. 68 respectively. It indicates that 28°C is the optimum temperature for the population

growth of E. seximaculatum.

Key words: FEumerus seximaculatum; temperature; growth and development; reproduction

I EE Cistanche deserticol Y. C. Ma X 44 %5
RZE K MR (TR B84, 1993) , Ko 28}
Orobanchaceae Z4F- £ 25 AL AR W), FEAFAT
42 Haloxylon ammodendron ( C. A. Mey. ) Bunge
N # ¥ Haloxylon persicum ( Bunge ex Boiss &
Buhse) # £ 09 FF € BB AL (B K 25 M & By 4,
2010) o PARZRTEFR E C AT B it 2000 24825 1] 5
B, BA CUVREAST 2% (Wi, 2017) . W
RGP ERIMR R, EEA2ZRMAMn, H
T BRI SR AT SR BT RS Y
ANEBH S HUETT S PUEEER) FEARUNY (BB
2013) ;5 Z A B HG SR ALK 19 S B2 L RE (2 A,
2017) 5 PEUAEE Ry i M A 1) 225808001 (5K
TI%%, 2003) 5 FHESEHOA PRATAE T A0S HEP) BT (38
4, 2007)

DU PR R R, H LA Rty 85 i A Py
JRZEAZY (- MITRAEA%, 2001) o FEXS NS
BT 7 6 KL A AR R A ST 18], 7 A B PR K2 A Joi 25
b Bl 2K F X BV B WF M Eumerus
seximaculatum Huo & Liu. 753 BiF o SR & T X0
W H Diptera, £ %F#F} Syrphidae, - & %f i J
Eumerus, A% UG AR 8 G 3, kAR 5 i
HAGHEE, AlRE R AR A A i 2 s, R
B BR A e PR S Y S N — SR LT 4R, U Y
M ] 7352 224 3l PR) AN 14 7 T i

TR B e A R AR . MR T
AT S R R RE S A Y B EE A -Z — ( Taylor,
1981; Wallner, 1987) o Pl bt BH A ifih J3 ) 3 [ Y 4K
LT R IR N BT B e A AR KR S B

DR, R R Y T R LA K By R BAT

1 RS
1.1 ###

L1.1 fEhis
PR R B N St BB A AR, R

Pl B 1) PR AR 2% ZE AT [ &)y S [l S0 40 % A R .
HBMAFREE (K x% xH =22 cm x 15 cm X
7 em) o i FE S R R 28°C, A XTI EE R
30% , YeJE# M L:D =14 h: 10 h,
1.1.2 {3

NTAMF (MGC350HP #Y, |- —fHF} 2
IR BRAT) . R B AEE (SZ2-LST Y, Bk
BT L AT RSE ( ME204 7, BEAAKEL ) , e
(AEREL, NSRRI A FRAFD) o
1.2 REHZE
1.2.1  AN[EHREE T BB g & 5 D i sz

EN TSRS NIEE 164 20, 24, 28 F132°C
(IRBEP BB +1°C) 5 MREERSEE, ey L:
D=14 h:10 h, MXRZEHR 30% +5% . HL28°CH}
FNBEF- B0 12 h P BRCT T B SR L
(d=15 cm) Ff AR EEREE 0, 44> &b B 5P
100 %7, £WE3PNEE. TBHUWE2 K (08:00.
20:00) , JESRAEAS )L B T 5P R AL B E] SRRk R
DI ARIEAG DL R4 B NS5 R MLk b, & T
WA B KR IR S ( HFE X/ =5 om x
7 em) HEATHRRSRE. B H G A TG,
LR A AE TS O AR B D . e i Pk, 4%
[ H P AR A (el B A T E T (@0 8 =
1:1) JFETEUEEM ( EHERE < FHER x
=70 mm x52 mm x70 mm) ', 7EAFIEE 4%
FAMiRs Rk 2b A, ZE Wi RR i L 10% 14 %K,
B H 4 — Ak, UREE I i s A ™ B A s ]
KI7= 905 LA R AFIE A5G, R R AET .
1.2.2 REHERSEECROBAEARINIES

Z:18 Davidson ( Davidson, 1994) M5, #
FHEHEBIRI AR L MBI ( Logistic B1AY) X 7S 3
SEEFMEAE S NMEIRAAFE TN AR ERRSIREZ
] R PEATEE, a@ad R XHUA R B AT e
G3HT . NI 326 10 e B 2k AR B AR

YRR V(T) =a+bT

Logistic f%: V(T) =K/ [1 +aexp(bT) ]

A, a, b, KB ARSI, T HHEIR
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B,V RREER.
1.2.3 kA EARESAMBIRATTHE

ZHELIAE (KFE, 1994) , HRNH
PRI S MEIRAL BN 2 A B B A E R
A RE AT SRR -

AT

T=C+KT

Qo ZVIT-FVIVT
nY Vi -(XV)?

K NEZVI-FVET
nY Vi -(XV)?

b, TR, COMRFRMARE, K
NARRL, VR EER (RE I EL
n ARG A
L.2.4  SCE M REA e R AR

ARG S ATl A0 BT 7S B B i 4% H S Y
i A o BB TRl AR N B B e T
AL T B SEg A A dr e, TR — AR
PRI AR SRR T (S AT, 2004, ME
Yz, 2018) .

FrE AR = g AT — AU AR R 28

Pt T — A" 8 = % T ME R AT
B P Hy 7 U

MR EaAIEE: 1=N,,,/N,

AP N U=, NS UR 1
AL
HI>1, FAURREECRR 2N 1<,
AR R R 2 i
1.3 HiEAbE

ARG (4 BT A EdlE 4ok HT EXCEL K& DPS14. 5
BAFHEATAL B, SRHA] Duncan [RGB &N 2505 2547 22
S FEE T

2 HBR5HH

2.1 BEMNAKREIIFRESHEEMN

ANEETEIF IR AE 5 M ERA I T & K& B
MRB L 1, SEETEUFI S & & W B
W5 E OGRS AAAE oG, X B IR R T T 4
TE 16 ~32°C Y5 B 915 Fl P 249 07 52 i e AR, AR
FHRE 4 51 A 67.67 +0.09 d. 46.54 + 0.06 d.
37.88 +0.09 d. 28.94 +0.05 d #128.03 +0.02 d-
1E32°CH, ANEEEHUFMREN. gl (17 ~4") |
Tl WL K = SRR A 0 & B I W e, e )
51.94+0.01 d. 18.55 +0.01 d. 2.05 £0.06 d.
7.54+0.02 d+ 0.82 +£0.06 d, TAE 16°C It SBEF-
B A RS 0 R B R GA B R K, 4Bk
6.65 £0.02 d. 5.78 £0.17 d. 6.25 +0.05 d.
25.24 £0.05 d. 10.45 £0. 15 d-

®1 ARFHOUVREARBRETHNEERIH

Table 1 Durations of Eumerus seximaculatum at different temperatures

BB KEDWH (d) Developmental duration

Developmental stage 16C 24°C 28°C 32°C
5 Egg 6.65+0.02a 5.02+0.02b 3.43+0.02c¢ 2.19+0.05d 1.94 £0.01 e
A 1% 1 instar 7.27+0.03a 5.89+0.01b 4.72+0.02c¢ 4.40+0.02d 4.23+0.03 ¢
Larve 2 i 2" instar 7.26£0.06a  5.69+0.05b  4.99+0.02 ¢ 4.31 £0.04 ¢ 3.55+0.03 d

3 4% 3™ instar 7.499+£0.0la  6.34+0.02b 545+0.01 ¢ 4.39+0.02d 4.27+0.06 e

4 % 4" instar 13.24+0.08a 9.56+0.03b  8.05x0.02¢ 6.65+0.03d  6.41£0.06 e

4 Hid] Larve stage 35.78£0.17a 29.11+£0.07b 24.78+0.07 ¢ 18.76 £0.02d 18.55+0.01 d
Tl Prepupa 6.25+0.05a 4.13+0.02b 3.04+0.02c 2.45+0.03d 2.05x0.06 e
i Pupa 25.24+£0.05a 12.41£0.02b 9.67+£0.01 ¢ 8.00£0.01d 7.54+0.02 ¢
F=UR T Preoviposition stage 10.45+0.15a 8.73+£0.07b  3.72x0.05 ¢ 1.05+0.02d 0.82+0.06d
14X, generation 67.67£0.09 a 46.54+0.06b 37.88+0.09c¢ 28.94+0.05d 28.03+0.02¢e¢

T RPEE O £ AR, RATEUER AR TR0 AR AE 0. 05 /K-F 2257 B 3%, R Duncan’s £34%;. Note: Date in

the table are presented as mean + SE. And those in the same row followed by different letters are significantly different at the 0. 05

level by Duncan’s test.
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22 AHMFHHBREEE

KEMBFRE E ST

I IR AERE TR A Logistic #5473 73 BEF- 231 05F e

Z(Y) 5RE

(t) R*T[ %1, Logistic A7 ] L4 5 g 3y 4815 7 BEF- 251 4oF
WAL B B R B HOR 5IRE LR, XA

HRBENBENEETERSREN SRS, 7

FRARIEC SR M WL 36 2. 3 5 F B o i e e R 4K

x2

(RIS RE T 7 BEP- 0 00 W 5 A 7 I B K A Rk

M, L 5 % B R A Logistic #5241 9F 47

gl

ARTHFRELENENATERSRENXRERESHE

Table 2 The value of parameters by the model analyzing the relationship between the developmental

rate of Eumerus seximaculatum and temperature

KAEBrB

Developmental stage

eIt

Linear model

R2

Logistic 71 .

logistic model

bl Egg

2l Larve

i Prepupa

i Pupa

7= PRI Preoviposition stage
4% Generation

V= -0.372+0.029T 0.871"

V= -0.1037 +0.

008T 0.937"

V= -0.217+0.022T  0.866"

V= -0.066+0.007T 0.881"

V=10.551/ [1+exp (4.784+0.218) ] 0.887"
V=0.067/ [1+exp (2.336+0.220) ] 0.946"
V=0.496/ [1+exp (4706 +0.244) ] 0.889"
V=0.132/ [1+exp (5.617+0.300) ] 0.980"

V= -1.576 +0.086T 0.854" V= 1.282/ [1+exp (14.117 +0.539) ] 0.986"

V= -0.012+0.001T 0.923"

V=10.039/ [1+exp (3.495+0.185) ] 0.960"

TE: T SRR R OB IRE G R AR GRS i35 KF (P <0.05) o Note:

rate and temperature at 0. 05 level.

2.3 AHMTHHFRERASHAEERBREMEY

N=|
A i

FUi, IR ARCEEIRA EENBRNET
A A IR A BRI S R I R (R 3) .
iR BN, RN EERSEE RS, N
15.14 0. 10°C, MO, #hdi. S5 HARMEE

Indicate significant correlation between developmental

+0.39, 12.93 £0.55 5 12.23 £0.25C, N

EF B ¢ R A THEARUIT 5 A AL O 826. 67 =
ARAE 7S B U b 70 A R 45 Sk 2.85

AR EMAZEARAK, 4598 12.07 £0.09. 12.58

&3

H o« B2, Horp gl mog il KORE B A 3L

FUHS S, R 137.27 £1.16 H « B, HK Kb,
FMEAIEN, 433K 76.65 £0.52. 46.10 +0.89 F
35.51£0.50 H « B, F=O0HG i oA SRR i
i, {4 12.45+0.07 H » fiF.

ARTFRFRARLZENRHXEERREMAYLRE

Table 3 Developmental threshold temperature and effective accumulated temperature of

Eumerus seximaculatum at different developmental stages

RERMRE (C)

ARBGRE (H - )

Devjiizfi wage Developmental threshold Effective accumulative Regrizlsfriz%ation F P r
temperature temperature
bl Egg 12.07 £0. 09 36.51 0. 50 T=12.07 +36.51V  29.58 0.003 0.921"
411t Larve 12.58 +0. 39 137.27 £1. 16 T=12.58 +137.27V  42.00 0.007 0.969"
Tl Prepupa 12.93 £0. 55 46.10 £0. 89 T=12.93 +46. 10V 14.34 0.036 0.905"
1 Pupa 10. 13 0. 15 76.65 +0.52 T=10.13 +76.65V 13.69 0.019 0.938"
FEUR Y] Preoviposition stage 15.14 +0. 10 12.45 +0. 07 T=15.14+12.45V  25.10 0.018 0.937"
14X, Generation 12.23 +0. 25 826. 67 +£2. 85 T=12.23 +826.67V  38.05 0.009 0.963"

T BRI AR B MR R AL B3 KF (P <0.05) o Note:

rate and temperature at 0. 05 level.

Indicate significant correlation between developmental
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2.4 AHTHFBIRHELSE 30°C, e 28°C I AR BT, 298 16°C 1f

R A5 75 BE V- 250 06 i A AN () 1 3 Ah 3R 4% S
P A5 8 R B R B ) I L, L T S BT B
WESCIG R Ay e (2 4) o L 100 R EPVE K
RIROP L, 5 BTG AT 3™ 51 & Sk 52 Br W
SAH NI

EOLRL, BV BRTE 5 MERAAE T,
O 1 09 Ak R 3435 3] 80% LA b, T AL R N
87.13% , VEHITE 16 ~32°C 2 [A] 1% W8 5P () 54k 2 5L
ARAZWREERZ W FE 16 ~32°C VS HE N 1 2 4)
HAAETE R A 3 IR IAAIG: XM AE 16 ~32°C
I BE Y BN AR O AR A e 27.00% -
41.67% + 50.33% + 65.67% + 52.67% , W yLHI7E
16°C i} tH AR 7 1 R AL, H k& 20°C. 24°C.

TR 2. 43 £ FMEFI - EAE 28C |, A
150.77 ki, ¥k R 24°C (124.54 ki) . 32°C
(102.18 %%) . 20°C (71.19 ki) . F=HP & 7E 16°C
A A%, (XA 27.53 ki BaF T — A0 d g rE
16°CHHRE, {h 79.31 3k, T #E 28°C B 7= Hu%k
WEZ, Y00 16°C 7 e ry 28. 71 1% Fhff
PGB () HRT 1, ULHIFE 16 ~32°C i FE
W, BT 20 i R 2 K R A R A
FRBRBNEIIKN Lge < Ly <l <Dy <Dy
Ui IR BE 5 T B I T 28°C If FL A A 3G ok i 1y
g, (HAE 24 ~32°CIRFEVE RN, PR #4821
EREEE, 4y 24,07, 34.68. 20.10, PiBHi%IE
JEE S FRLAE BN BT B e 11 1 K RN A

*4 ARBETHARTFHRRIEMBEEGE

Table 4 The experimental population life table of Eumerus seximaculatum at different temperatures

KAEBrB

Developmental stage

PEASS KA B B

Number of individuals at the beginning of different stages

16%C 20°C 24C 28C 2
bi Egg 100 100 100 100 100
GIAFIG R (%) Survival rate of egg 80. 33 82.33 87. 67 93.67 91.67
1 #5401 instar larve 80. 33 82.33 87. 67 93.67 91.67
1 W4 AFIESR (%) Survival rate of 1% instar larve 71.37 80. 17 83. 64 86. 47 84.73
2 4 2" instar larve 57.33 66. 00 73.33 81.00 77.67
2 W4 AETE R (%) Survival rate of 2" instar larve 86. 64 91.41 92.73 95.06 93.56
3 W4l st 3" instar larve 49.67 60. 33 68. 00 77.00 72.67
3 WA HAEIER (%) Survival rate of 3" instar larve 89.93 91.71 94.59 96.97 95.87
4 4 H 4" instar larve 44.67 55.33 65. 00 74.67 69. 67
4 W4 AFIESR (%) Survival rate of 4'" instar larve 88. 81 92.77 95. 89 97.76 95.70
il Prepupa 39.67 51.33 62. 33 73.00 66. 67
WAEHG 3 (%) Survival rate of prepupa 81. 50 90. 92 90. 37 94.97 92.50
4 Pupa 32.33 46. 67 56. 33 69.33 61.67
WAFIE% (%) Survival rate of pupa 83.51 80. 72 89. 35 94.72 85. 41
% HUP1 AL Number of emerged adults 27.00 37.67 50.33 65.67 52.67
e U8 Number of females 10. 67 15.67 19.33 23.00 19. 67
HfRAFIE R (%) Generation survival rate 27.00 41.67 50. 33 65.67 52.67
T WS- 2 72 B Average number of eggs laid per females 27.53 71.19 124. 54 150. 77 102. 18
ST g

I;t:nzed i’: iﬁ adults of next generation 79.31 420. 23 1211.62  2277.25  1058.60
FEE IS S Population trend index (1) 2.94 11.16 24.07 34. 68 20. 10
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3 St

BRI R RURPRE AR K R B R B ) — A
HERER. EEIREEN, MEREZAS, BR
R T BRI, KE g (FRRE,
1994) o AWFFEAEHRD], TR 7S BE V- e A=
KEAFVW R, 7516 ~32CHREMEN, &K
BB A E Dy SR R O OC, BB A R
Fm, REDE4iM. X5EPRAE R, o
A e (FE AR, 2004) FNLLECHWRME (5K
EMRAR L, 2006) WFFELE A2 — 2 -

SRR AERK AT K &R EUA ] T
RS BE N B e 5 TR R e () g A A
2011) , WA HTFIHHARBARKAFTHAEELR
JERERBORIR (45, 2019) o ARSI FH
BERIFN Logistic BIRIXT 7S BEF- BT 0 45 & 7 B Be 1Y
KERBZGEENXRFTUE, S REHN,
Logistic f AT LU ER b4 G IRE 5 & B B
KFR; AT HLE IR X S BT BT e B R
MR, TR R R B R AR 12.23 +
0.25°C, HRLFRIE M 826.67 +2.85 H « J&.

TR X6 7S BRE - 0 0 0 A 0 R B A A AR K
Wilo £ 16 ~32°C IR BEJE I A, 7 IRE-F- 200 007 e B9 1)
PRI 2 AN, U] T DI I B2 3 I B8 ) i
140y W A7 SR T HAB IR I 4 A TR 32, 1)
122 i AR R 2, A 2 PR A R B 0 4 O e ot
B WAAEIE R ITE 80% L I, FEHPIMLR A
86.75% , VLHITE 16 ~32°C 2 [A)3% M 1 P AL A B A
ANZREL . {E 24 ~32°CIREMEHE N, FmoE
FRPHE A SR B0y, U 13X — IR B3 161 3 RS
TREY- AT i A P 0

P T 7S BT 0 H0F o 2K A B 0 S v, R
TTBHIEMEBEAR Ko PRI AS SCRIF 5 1 7S B 230 47 i
TEANIR) & & W B ) 2 8 0 AT B A 2R, O
MR T 8 Py I B IR FE AR A R B R, R oS B
VBt e e A 1) ) o0 0 K A e R E TR B R
TAERRME S Z ARG . HAT AR R, BAfE
ARG OL T 19 & B BOR AR RS 50N AR, A
AR ST B R RO AV RO IR 25 5
K ( Mironidis & Savopoulou-soultani, 2008; [n]
PAE, 2011) o B G HAHRBIELN, AR N
HERR Y S B 7S BT BT AR RE S 8. B T 5 I8
MREEAL, 38 W78 40 25 EOG IR W E . TR 2 B
BERFAMEREN R
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