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Life table and relative fitness of a strain Plutella xylostella resistant to

Bacillus thuringiensis CrylAc toxin

QIN Yue ZHU Xun LEI Yan-Yuan ZHENG Xiao-Xu

WANG Shao-Li ZHANG You-Jun™

(Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

WU Qing-Jun

Abstract A resistant strain ( DBM1Ac-R) of Plutella xylostella L. ( diamondback moth) with more than 1 000-fold
resistance to Cryl Ac was obtained. Life history characteristics, such as the development and fecundity of susceptible
(DBM1Ac-S) and resistant strains, were studied. Life tables were established and the relative fitness cost of developing
resistance analyzed. The results show that the DBM1Ac-R strain has distinct reproductive disadvantages, such as a fitness

value of 0.5762, including lower fecundity, hatching rate, pupation rate and sex ratio ( @ : & ), shorter egg period and

lighter pupa weight, compared with the non-resistant DBM1Ac-S strain.
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2.2 hIEEAE HBRTELEGR
AR LA B 9 0 45 28 R R 4 i 5 100
3k, 37 /N3 ik DBM1Ac-R Hil DBM1Ac-S Fh 4
fr#. DBMIAc-R FHEER 1 % 4 dU B9 30 T2 R AR
T DBM1Ac-S Fififsh, Hom & & Br Be iy st -4y
=T DBM1Ac-S MEE(F 2), LI/NFK ik DBMI Ac-
R .DBM1Ac-S FiiE % H 5 ™ BF & HEE E 4F i 77
I AR RN AR R 26 AR B9 A B 3 R 3% 19 O
ZE LB, DBM1Ac-R, DBM1Ac-S Fh Bf & & H =
IR 45. T2 R0 FN 72, 22 k%, PR RN AE A AR BE
771 FAR T 8RRl (DBMIAc-R Fh i (4 A= 58
M B AT DBMIAc-S Rifte) , (H )™ B 4E K< 3
~4 d(IE 1), P47 15 I ] DBMT Ac-S Rl K 2
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Table 1 Comparison of the biological characteristics of the DBM1Ac-R and DBM1Ac-S strains of Plutella xylostella
GR7EE 2
DBM1Ac-S DBM1Ac-R
Biological parameters
IR Ege (d) 3.08 £0.07a 2.74 £0.04b
4 i Larva (d) 8.52 £0.76a 8.21 £068a
UiF 4 Pupa (d) 4.05+0.11a 4.13 £0.09a
I 8 (mg/3k ) Mean weight per pupa (mg) 5.19 £0.01a 4.29 £0.01b
Wt 1%, B2 75 Ay Female life-span (d) 7.56 £0.57a 9.50 £0.81a
JifE B Bt B4y Male life-span (d) 10.85 £0.84a 11.00 £0.74a
A= PR (KL/ @ ) Fecundity (egg/ @) 247.61 £17.93a 176.56 +10.43b
4k % Hatching rate (% ) 96.00 £2.63a 84.12 £2.51b
AL I 2 Pupation rate (% ) 77.78 £3.63a 62.86 +2.60b
P4k Eclosion rate (% ) 96.89 £2.34a 95.92 +1.97a
WEHE He Sex ratio (@ 58 ) 1.27 0. 13a 0.70 +0.21b

T R PR P+ AR, RIAT RO )5 A AR R 98 S0 ROR 4 Duncan REF KRG R R AR E (P=0.05),

The data in the table are presented as mean + SE, and those in the same row followed by same letters are not significantly different

by Duncan’ s multiple range test (P=0.05).

2.3 NEEAE GEMBELESRSHEMEIIE
&E

DBMI1Ac-R #il DBMIAc-S FhBE 0L fr 2 S8
WA (R = TLM,) NEIEK A (r, = R/
T) JARBEK R (N =e™) AACFH ] (T =
xL .M./ 3 LM,) FREEIAS ] (0 = € 2/ r.n)UnL

%3, DBMI1Ac-R Fh#f 5 DBM1Ac-S FifAH H , 4
R, ZHBKIIHTEMBESHEMEEASK, LR, B
O AR 26 7R /I 2% Wk 5 b RE 04 A X3S A (RS =
DBMI1Ac-R f# R,/DBM1Ac-S fj R,)., DBMIAc-R
FhBE A X & A B O 0.5762, /N F L, R
DBM1 Ac-R it e 47 75 W] 2 1 5 2 s o
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Table 2 Life tables of the DBM1Ac-R and DBM1Ac-S strains of Plutella xylostella
PERCE FETHL JETD R
RE BB

Development stages

Survival number

Death number Mortality rate (% )

DBMI1Ac-S DBMI1Ac-R DBMI1Ac-S DBMI1Ac-R DBMI1Ac-S DBMI1Ac-R
gy Egg 100. 00 100. 00 4.00 16. 00 4.00 16. 00
1 4 I 1st instar 96. 00 84.00 13.72 6. 00 14.29 7.14
2 Wy 4l B3 2nd instar 82.28 78.00 3.72 4.00 4.52 5.13
3 4l H 3 3rd instar 78. 86 74.00 6. 86 6.72 8.70 9.08
4 %4 3 4th instar 72.00 67.28 16. 00 22.02 22.22 32.73
13 Pupal stage 56. 00 45.26 1.74 1.85 3.11 4.09
A H Adult stage 54.26 43. 41
BTk on

7 516. 67 3 155.96
Expected number of eggs

R3I IRBEOEHBRHBESHREANESE

Table 3 The population’s parameters and the relative fitness ( Rf) of the DBM1Ac-R and DBM1Ac-S

strains of Plutella xylostella

e T 241 Population parameter KA 3E S RS
Strain T, T ¢ A R, The relative fitness
TR R B DBM1 Ac-S 0. 2811 17. 5466 2.4658 1. 3246 138. 6632 1. 0000
ok Fp#E DBM1Ac-R 0.2477 17. 6849 2.7983 1.2811 79.9033 0.5762
80
—o— HURFIE DBMI1AC-S
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Fig.1 Age-specific fecundity of the DBM1Ac-R and DBM1Ac-S strains of Plutella xylostella

3 it

5 Be LA OCHY & A B A A , H R B
EPUES R SR ) TR, A K R E DI
K AFE AW 2 R AE R 2246 o Oppert 45 (2000) #F 58 1
N4 W Plodia interpunctella 1 — S84 Bt & &,

IR U A A Ty 3 S R AE 3 R B B AR
45 (2000) & B Pr Bt AR 2 B Helicoverpa armigera
Tl AE B AL B 5 A0 BE 1k R B 35 B i Groeters 45
(1994) BFFE S B 32 Ja 38 /N 32 e HT B A B 4 7 B
DAY IRF A AR R AR A T P4 T R R
Shirai 55 (1998 ) #F 58 H A /N3¢ i Bt Ht:Fh B, &
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Fig.2 Age-specific survival rate of DBM1Ac-R and DBM1Ac-S strains of Plutella xylostella

PEEA AR I i B Y &)y R R D A B
e N 1 e e QN T R SR Y A 1
TR 5 4 W 1L 25 (2006 ) 23 Bl I 58 T /S kBt Be il
REFNPT Cryl Ac B2 88 IR RE , 0 % BRATPE RO AE RY
B3 5 FIE AL A8 1 T [, M A LU R A, BU R EE R B
DI 22 4 . ARSEH LU/ SE M S 4T Cryl Ac
TR SR I 98 % G, J B0 P b R 1 7 BN 5 L B T
157 AL SR AL i A N M B LE L, 2 B E AR T
OB RE X 54> Bt itk E U R A A Y
Rtk —2, HARBT Pt /N gh R k&
W BEAFER (R 1) o Sayyed 25 (2001) filf 52 5 4
PUSEHT Bt /)y 32 0 b B AL 2 B, 0 L B5CF B 109 P 352
W REAT 255 . T Bt Cry 35 8 H % dL £ ZAEH]
TE/NR I A B4, HL T 4 A R /) SR 4
Hurb g 2 1A 28 A & 51 HX Bt Cry 38 1 77 2
Pk I 2 5 K ( Tabashnik et al. , 2011) , 5 5%
AR Z AN e A B AT HoAl L I A fL v v & 4% T
HEAE ], DA S 26 52 1 R BE T i AR A = AN 4l
S G /N 1 1 H A & BB B, 3 B T 1Y i 1
AT /NSRS Cryl Ac HTYEHLE AT R ADTSE

A SRR — A W e AR A O I R R A
G AU A XS RE D (IR ,1993) . R duab T
B2 B7ivF = 3 S N O € S R 1 i = N A W 710 S
PR Rk, A= i R AR M 2 00 T BURR A, ED SR 3
RERTARS i /0 P (2 Rl & S T DS 0 A 11 o
R BT 6 DR S 2 i FG A i R A L BRI R 22,
TS A S (R E 55 ,2002) o Tk S A
T A B X 5 e — MR B AR Ry il BE AR AN (fitness
cost) , 8% FT PE 1L i ( resistance cost) ( 5 7% &%,

2009) o PUPEF HOAY G 5 B OR 2 R B AR T
JEFPRE Y AR (215 5 4%, 2000 ; 2= 91k 11 4%, 2006 ;
A=k % 45, 2007 5 A 158 41 45, 2008 5 4F 57 45,2011 ),
HA 8 2R Sk A5 ol 52 i A X E A R A
(Liang % ,2008) , AWF5EH /N ik DBM1Ac-R F
RE R B0 1L % (2006) FYDBM. 1 Ac-R30F B 45 55
IRIE /Y Bl B A5 2 ) & A HE . DBM. 1Ac-R30
T RE B BT PE A% Bl 24. 36 A, T DBM1Ac-R Fif #F
APTPERG EE 22 KT 1 0004% ., DBM1Ac-R
55 DBM. 1 Ac-R30 FREAA L, H AW # RRE A A T
B2 UL AR A0 R D R i A A T AR
fb.o DBM. 1 Ac-R30 Fftff i A X35 45 B o4 0. 75, 17
DBMI Ac-R Fft i i A X 15 & B2 & &K 2 0. 5762,
RV 38 5 B I O A B B I T B AR o Liang
45 (2008 ) xf 4t Cryl Ac A 4% HUAS ) Fft i 64 00F 52
HEZERIEIE .

T XF Cryl Ac /&5 470 /0N 358 R RE B9 28 ) 2 45
TR ST A= iy 22 10 4 A e AR X 38 5 BE 23 A, AT &
P/NSEMEHT Cryl Ac FEAR7E POV BE R 9 38 & B
A, T HL B B A A8 i 38 3 5 224X H i B
o WHRIR EUL, BT Cryl Ac /NS IAF 72 42 ) 2 ik
B, ELBEE ST AR R0 38, 53 b 27 343 B i) 5 1
8o IRATER; I b, W 2R A5 1k 24 57 FR ) 25 51
A IS TP AR R K i T3 5 AU, R
T3 A W 95 B, TS i AN (AR AT 1 Bl 47t
2y PESED B S O R IR, 7E R B ek 2y
B i /NS e v, S SR T o 79 £ 0L R I B SR R T
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