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i E (B8] oo B = KR 7R & 0 E RS X TR E IR IR Trichogramma spp.
P v e) 25 £ IR ik Sitotroga cerealella Y WA= FEHE A, LAY A AR IR 04 B 47 3 sl it iy R RIRAR [ s ] ol
i 22 WA YRR bR MO IR e B s AR AR AORT H, TEE R SR M T T [ R ] B
RS0 22 0% 4y R i B B A P AR EE 20000l 89.6% 11 88.9%, T FUAF AT AR HH 22 Mk pi AL 1 976 3k, Wlk
EFZIOY 13.4 mL (29 9.0 g), MESCT-HBIIRIC IR 555051 0 5.5 F1 10.1 mm, i S35 A4 i 38 5 43 1)
951 F19.6 mm; 2 kB AYSE I BRI TE R 43 o0 0.6 A1 0.2 mm; I FH RS AT S A0 22 00 B ] 55 AR iR e
HAF R PR, MR | BRI AR50 88.8%. 96.0%. 58.9% il 7.8%; X Le48Hn5H H KL M
Y 22 k40 B #25  (F=0.089, P=0.935; F=0.885, P=0.443; F=0.224, P=0.835; F=0.141, P=0.895),
(&g ) FIHREA TR T4, Y s B e A = P FE Ay P RD 27 200, 24 A R R A e
AT BAEYIB IR L S

XREWR LM A, OBTRTR; Rk

Feasibility of mass rearing Sitotroga cerealella (Lepidoptera:
Gelechiidae) on paddy rice

TAI Hong-Kun'" BAI Shu-Xiong® ZHANG Feng® XIAO Chun* WANG Zhen-Ying®""
(1. Seed Management Station, Dehong Prefecture, Mangshi 678400, China; 2. Institute of Plant Protection, Chinese Academy of
Agricultural Sciences, Beijing 100193, China; 3. CABI Joint Laboratory for Bio-safety, Beijing 100193, China;

4. Plant Protection College, Yunnan Agricultural University, Kunming 650201, China)

Abstract [Aim] To assess the feasibility of rearing Sitotroga cerealella on paddy rice, to determine if the large-scale
production of S. cerealella eggs for rearing Trichogramma spp. for biological control is possible in regions where barley
resources are scare but rice is abundant. [Methods] A feasibility study for rearing S. cerealella on paddy rice was
conducted under laboratory conditions by comparing various biological indicators of S. cerealella and a quality control index
for Trichogramma spp.. [Results] The larval boring rate and adult emergence rate of S. cerealella reared on paddy rice were
89.6% and 88.9%, respectively. One kilogram of paddy rice could yield 1 976 S. cerealella moths, which produce 13.4 mL
(approximately 9.0 g) of eggs. The average body length and forewing width of female moths were 5.5 and 10.1 mm,
respectively, and those of male moths were 5.1 and 9.6 mm, respectively. The average length and width of S. cerealella eggs
were 0.6 and 0.2 mm, respectively. Using S. cerealella eggs reared on paddy rice to rear 7. ostriniae resulted in a parasitism
rate of 88.8%, an emergence rate of 96.0%, a female ratio of 58.9% and a deformity rate of 7.8%. These parameters were not
significantly different to those of barley-reared S. cerealella (F=0.089, P=0.935; F=0.885, P=0.443; F=0.224, P=0.835;

F=0.141, P=0.895). [Conclusion] Rearing S. cerealella on paddy rice enables the mass of Trichogramma spp. in regions

where rice is abundant and barley is not commonly grown.
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Jr R %% Jm i H Hymenoptera, 4H[E W H
Apocrita, /N BBl Chalcidoidea, 7 R 4 Bl
Trichogrammatidae, #RIR¥EJE Trichogramma ( #k
Jo%8, 1994), JEZ M E A ORAF AL . oA il
23k, MREZ, 2 FICRNRIRER 180 £
i (Pinto, 1998 ), F&[ER 1™ 29 F (fiflbe)5 45,
2005 ). P75 o IR B N TR o B0 R AR A ek
i, PR IR O O AR AR d AR W B A A SR
Dyss A B HTERIET . Biia AR G H
AR B G — IS H 10 D2 A 0 5 ) FH I MR e o
IR MRE A 28 FliZz £, BT
AL 3.0x10" hm® A _E (Li, 1994), U5 EA G
EZ N1 S ER7 o 1 3 ey

N TR ZF o IR e v (8] 27 3 ) BF 58 6T o
MR e 1y oy FH 2 e ke 5 il R R HE SR . Bt
T T R RASE A 7 v ] A 32 B Y A A 22
Sitotroga cerealella ( Flanders, 1930 ). Hi &8
LY Ephestia kuehniella ( Bigler, 1994 ), B KA
Samia cynthia ricini ( HEFESE, 2000 ), Kk
Corcyra cephalonica( 72 F|%, 1979; = FR4E,
1980; HOGH A, 1982; PRZLENSE, 2000 ), #Ed
Antheraea pernyi ( FIRIBAE, 1998 ) IR
2Lk Phthorimaea operculella ( Smith, 1996 ) % ;
I3, N T2 32 D S5 A HR et A AH DG iz
( Hoffman et al., 1975; Grenier et al., 1998; #&
I5H45, 2001 ), 22 15 B 1 by Ho A Ay SRS B S 5 |
3 FH T R MR e AR AL 2B = i ) 27 32, HLE AL
Mk AER= (Smith, 1996). HHY, F&ET I
BEALRIFHFEAR BN (KBR ) VR R a3 3 S
HIRHRYE Trichogramma dendrolimi FIHE %575 R
¥ T. chilonis 55, F|JFHZZ HERSOK IR (/D)
BHH EKME SRR T ostriniae FFHIERIRME T
Jjaponicum FFWEAEG T2 (RIS, 1992;
7 4, 1999; BRIl Ep 4, 2000; AL 4%,
2004 ),

H R — M EENARE R, TEHF AN
AL FEE EK. R CSRPUFERIBRE, 1957,
KRR, 2021 ), FEFRE, M ELELIRE . E

Ko INEE A WA TR FRARAS v B) B R 22 O
A B 5e 1 R 22 AT ORI M A B0t PR B T
ARACZ /IR E AT, R AR R 2 R e e Rl (R
LA, 2004; E#EFE, 2007 ), KELEEPR F 70%
TR, BHlRTFEn Mz, EtEm, 28k
A 100 Z2ERMIE KL, &MY
6.0x107 hm? ( [ %5 Fak [, 2010 ), {H R A 1E
bt gt FEATESE AR R E R L TR R
7 M X EN AT AP A, ME LA AR B, A
AN JEVF 22 0N R 3% 1 5 M X ) R AR
BIEY, rmEk. G, AER; HRAS
G H5E, SREMML; ARG AR ER A Ak
T AZ e B A Sy i HIR g e ] 25 32 D v A LA S i
B, ML, ARSCHFRE T R RS AR SR 22 sk i e R
e, TFERBARFRZ R E =R, it —2
PR HN I 2 R e 447 38 SR A W B 3 7 1o FH R AR
BRI AR S04

1 MREFE

1.1 H##

Bt 22 1 B A ) K 22 1) 57 22 A B 1) 22
O o R N = FE 2 Y b T A 14 5,
KEMMRGRE 135, WETFTY. hdhss
# (K xFixE=0.47 mx0.32 mx0.04 m ), M5
FA CTIITENESY) T GXZ-430A ), i
B ( RIFEONRAEN A FRA F SZ3100) Fiijf
FrE R (F5i 02050123, 0.02 mm ), i H A/ F5AE

(ExFExE=0.90 mx0.70 mx0.03 m ). & i
& K= A (KX B8 x5=0.45 mx0.30 mx 0.05 m )
Broh Al BN IR FOR IR SR IR 8%

1.2 F&

1.2.1 AFAHE S5 ESRREZRAK T
1220 min 5, BREARE, HKE, FAWEE
A%, £ 0.02-0.04 MPa JE# R, FIFHZESX K
2 MFEAS 7 30 min, SRJ5 E IR TR nUE, 8K
MRS R R g dUm SR, R 2 kg,
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TR RO A 09 22 1B 3 mL (29 2.0 g ). TEIRE
25-28 °C, I 70%-80%1) & F a5, LR
SR, R E R S K, EEMEIL RPN
I B . USRI . PRI BPR
N BB DI, W RPIETTR, AR —IK
27 W B ORI ZZ 0 D1, 10 3% 22 A5 R = B o
B EAR RS, R I e B A
122 FHOIMAE  FEALIHE 0.5 mL (4
0.3 g ) ZURIURE T RUH B I, B T4 e R
o, JEMFREIRE 25-28 °C, 1JE 70%-80%H)
KRR SdJA, BewETREMAHET,
A ( HEPE=10x5) T, iC bk
BCHAGEETE ) BRI (45 5 T8 ) kg,
PRI R, IR XTI, B 3 K. &k
B A R =07k DR 55/ 22 B B < 100% .. LAK
3 SN TSRO

123 TWASHERREAERAPLE K
B LR IR OIS R SR A 5% 30 d )5, KL
R 30 KAy, WEHRMRE G AL, JFH
TR R A, AT BC 2R, RoRZKCTE
FANER WA, ICEREA s R, e
J5 22 MR AE R AT N S8 BRI R AR, TR A
BRSO JE R HCRE R IR AT R, &
23 W TEA IR =R Bl B R A A
SE<100%, S A P ER =2 e R A N
S P AR B0 A A B < 100%

1.2.4 FUERHREZWIPRIAN  FEHLS
B 30 LA . A, ETR AT,
FI RS A= RO £ 2 e ol L A S | L
T 30 RiZEIROD, EFR AT, A
BAORUIN 5t O 1) 88 B W 38 LA R 32 1) 35 114 22 W R
ZZ2 IR RN, HA 3 YR, i s A kAl R K
KN

125 EWAEHPMERESG LKEHWHN
AR ] — 7= T 1) 22 i P I ey 310 3 — 3k 22 ik
PUERGRFR], DLKZFEANRTIR, ERE 5 R, A
A0 R A TFF 46 PP B BE T ARSI, AR e R 7
Rl B 3% 4 B SRR LD, K B ) 2 i
L R RS GRS (AR 20 mm, KB
100 mm ), JHHIBAE O, NRAEEY ., MEH
FFAr, A SRICI BTG SR, R R Ak

HUK, BN, RZNPET, ek EB M
RBOR N A G KA AR Z2 T 3% 1 22 0 Sy X
M, #HE 30K,

1.2.6 TEAMAZR ML RIEENFFIHTTE,
MRS 5 d WOANF T FoE, 2k lcsE . D
sEAEVRI A, LML 500 Rifg 4, BAKH
PA3F 30 min, JEFRUTRUKIR RS RS, THE I
FIFR, DIKE IXTR, R S K. FAFHR=
(il SR B-UTRRRE L ) /Al A SR 2 100%
1.2.7 EWIPARFRRENLZTHIE K4
Z2 e O A SR BT (B 15 mm, £ 180 mm, %
15 000 ¥iBp) B FRAE (EHRE 30 mm, K
20mm) 1, #1010 EEBELEL, A —E R
PUEARE T 24 h H B LA K IR AR AR 1 |
FHEAT TR 1, DL 50%m9 1 2K iR, 78
B (25+1) °C, MBEEHR 70%-80%, JEJHHA
14 L 2 10 D G RREEFAR R SR, WD sk
RPN AT AR IRHR I P A3 | O e o5 R
WA TP 2 55 B i FE R o

R, FEWAT 7d 5, BURA IR
et & TR ( BB 5i=10x5) T,
R gric sk e (TR0 ), HE s (RFA
BN ) BRAECR, THRHAF AR, DIRE IR
WO X IR, R 3 IR, FAER=F IR
ORI < 100%

PEA: ARIREPIL S, B U R & T
S LEY ( HBExHi=10x5) F, ic®EE
PRI, JEkAr L R A Pl R A
SPEFLI Y, WIS A T, A F Hrp
JE T AR AN 1 5R B W SO P B,
AP ALINR P, QSR AR A DR I
MR AP, HHEHPE, DR R4
WO TR, R 3 K. PUEER=FI IR £y
A B R < 100%

W . REALHRREALIME 30 Sklidg, BT
A ( HE W E=10x5) T, 4rolfe
I iC R MESE R eI R B, TR MRS DL
TSR IROI AT IR, R 3 IR, MER=ifg
KA BRI 100%

WML R . AEALHRRENLIH 30 koI P f IR
R0 e, & T B LY ( HBE<5i=10x5)
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T, KA HHB R AR, 0 R n B,
AT A, LUK SR 0 22 50 Ry o IR, &
3R, TR A= 0 Sk 0 A < 100%

1.3 HiESH

K SPSS 16.0 #4477V ¢ K5 s34
ALPE 5T IR A 22
2 ERS5HH

2.1 REHEMBREFS

SEILRM, LIRSS RN R 22 1) 37 42 Mk -3
B 424 1398 d, —HELRELES
( F=2.373, P=0.052 ), VIREAF MR Z M IR0
i, R MR 34 B o D 5.5 1 6.0 d
(F=1.443, P=0.154), M35 4m0504 5.2
fl 5.6 d (F=1.076, P=0.287 ), ¥ LW &% RH
(£1)

x1 EHERBMAZLNRELH
R RFan b

Table 1 Comparision of developmental duration
and adult longevity of Sitotroga cerealella on
paddy rice and barley

AW R A (d)

KEIM (d)

el Longevity of adult (d)
Feed Developmental — —
duration (d) L2l e e
Female Male
B4 Paddy rice  42.440.9ns  5.540.3ns 5.2+0.3 ns
K7 Barley 39.840.6 ns  6.0£0.2ns 5.6+£0.2 ns

FP R bR DR, [W51 ns FRIRTE 0.05 KFA
FHAEREMEE S OMSLYE R ). TR,

Data in the table are mean+SE, and ns in the same column
indicate no significant difference at the 0.05 level
(independent samples #-test). The same below.

22 PRMLEMBRALE

ZERFRM, ZIRINTERS A AR P20 AL
AR 97.3%H1 96.4%; 7 ksl O R 43 AR
2 (V- BRI R 89.6% M1 91.1%; 22 8k,
HOP P51 R 88.9%F1 91.9%., 27 1k i
fb& (F=0.763, P=0.631). I {3 ( F=0.563,
P=0.581), BLHCPIER (F=1.253, P=0.228) ¥

TwEER (B 1),

@ /KHS Paddy rice O kZ Barley

g m
~
g 60
@Tg 40
¢m§ 20
0

SRIEAEAR HliEER AR PIEER
Egg hatching Larvae boring Adult emergence
rate rate rate

FE1ETEHR Survival index

B1 FEREMKXELRAFHZHEIPHFLE,
4h ik | R AR PR
Fig.1 Egg hatching rate, larvae boring rate and
adult emergence rate of Sitotroga cerealell
rearing on paddy rice and barley

P B R (AR DR, HE B ns RARAEFRIAITE 0.05
I ENEZE S Cpar e A5 ). NI,
Data in the figure are mean =SE, and ns above bars indicate
no significant difference at the 0.05 level between
treatments (independent samples z-test). The same below.

2.3 BHRFMPHFER KX/

SRR, LIRS RN AE R 77 0 97 22 ik
B, BT 5 aF EREE 2500 1976.0 F
2 005.5 3k ( F=0.360, P=0.729 ). 2 1§ V-3 i 543
Bk 13.4 (25 9.0 g) Fl 14.0 mL (£ 93 g)
( F=0.907, P=0.404 ), — #1751y~ gp i |-
BT EE 2 S DR PR A 43 Ve R 2 4w
I A7 W, T4 22 0 B R R N T A A 43 51 R
5.5 F1 5.8 mm ( F=0.893, P=0.338 ), “F-3JJ@# 5
43514 10.1 F110.2 mm ( F=0.158, P=0.876 ); I
ISR K 254 5.0 F 5.2 mm ( F=0.052,
P=0.959), ‘F¥ G0 HH 9.6 Fl 9.8 mm
( F=0.463, P=0.649 ), PiFh3F 3 & H Frfd 22 ik oy
SERIR K4 0.6 mm ( F=1.176, P=0.259 ); F
WU SEY A 0.2 mm ( F=0.488, P=0.632), VIAH
A8 RN A7 ) 37 42 W, 22 0 ol e A AR IR /Ny
TwEES (F2),

24 WAFAX
SEREM, LIREAS MR (SR 22 e, 54
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F2 MABANXRZARZHN~HE. FNERPR/NAILLER
Table 2 Comparison of number of emerged adults, egg production and size of egg of
Sitotroga cerealella rearing on paddy rice and barley

KN (mm) N/ (mm)

PR N ko

o (ind./kg) (mL/kg) Size of moth (mm) Size of egg (mm)
Host Number of Egg &K Body length WJE Wing length . .
emerged adults production b T v ik Ve

(ind./kg) (mL/kg) W B R A Length  Width

Female

Male Female Male

FE4Y Paddy rice
K Barley

1976.0+444.5ns 13.4402ns 55403 ns 5.140.2ns 10.1£0.5ns 9.6+0.4 ns 0.6+0.0 ns 0.2+0.0 ns
2 005.5+£68.5ns 14.0£0.6 ns 5.840.2ns 5.240.2ns 10.2+0.4 ns 9.8+0.4ns 0.6+0.0 ns 0.2+0.0 ns

SEIFIHZAS N 79.5%F1 82.0%, —F i E
25 (F=1.634, P=0.158 ) (& 2 ), \BHF| R
B R /N B 4 S e 22 e &40y M £ 1) 19 0 % )

iy 8

100 ns

&

E 8o ; |

[=} T

.2

S 60t

2 40!

xX

~ 20}

M

S

& JK#5 Paddy rice KZ Barley
¥l Feed

2 FIRABAMKZRFZHEAOIFAF AEX
Fig. 2 Utilization rate of paddy rice and barley
kernals by Sitotroga cerealella larvae

25 FIREERREXRIER

] 3 255, I FHRE A RN R 22 1 5 1) 22 ik
P BB ORI AR IR e | iR B 04734 27 A R4 31
88.8%Fl 89.1%; “F-IPIMLK 451K 96.0% I
95.0%; “F-YIMfEtERh 57.8%F1 58.9%; F
W R A3 R 7.8% K1 8.4%. FI FHARA IR
22 ) 37 0 22 0 O B RO MR AR AR e, T e AR R
1 2511 2 ( F=0.089, P=0.935 ). L% ( F=0.885,
P=0.443 ), Mile& ( F=0.224, P=0.835;) Flm;
JE% (F=0.141, P=0.895) TR EXES,

2.6 ZFVmAW

TE 2 T 5 7 M R 22 i DR 8 3 1) 6 K B s
AR 9 B 33 WM B K WS Ostrinia furnacalis, Oy

ns

B ns
.l
1

—_
[
S

@ 7K Paddy rice
O K Barley

ns

[}
(=]
T

(o))
(=]
T

N
(=}
T

ns

B

1 2 3 4
FREEHFEFR Quality control index

B3 FERERREREBIZFIERILER
Fig.3 Comparison of quality control index of
Trichogramma ostriniae

L. P43, 20 Pk, 3. MR, 4. BB,
1: Parasitism rate; 2: Emergence rate; 3: Ratio of female
to total (female and male); 4: Deformity rate.

H4# (%) Percentage (%)
N
S

S

AR ORI IR IR B 24 150 000 3k, £ 15 mL (44
10.0 g) Z2Mk0N, 77 1.2 kg R EL 1.1 kg KA1
FREWRFT= O, DAL, 3SR Ak 1)
Wi M 2.2 A1 3.2 Jo/kg HAA, B iRl s A 391
2.6 B 3.5 90; BRI —UIRIRIE, An SR A H]
FEAT R A2, AT 2 RS AR 0.9 Tt
S ORI AR B e b IX, TR AR HIR e
3-4 WA REIRBIBHIERCR , IR S50 22 1k
OSBRI B AR 2.7-3.6 TG

3 Thig

BEE AT £ A 22 A PRI 22 40 GV JEE 1Y
B, A=Wy Bia RN HTBGEAR YK, SRR S
R ORI ZS . 22 1RO 2 S0 AR AR A 10 5/
RGN, H iR 57 A2 e Ay R A, (HIEARE
S P T S R A R 2 R i AL, i S Ak
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T (HRARNZESCAE, 2012; SKHESE, 2014), 34
INT 22 W SR A, ISR AR A2 iR 3R 2 ik )
B CH R ARSI 1 R A4 ) 55 22 Mk T A7
PERFSE 70 AT, BUS T RIEFIRFRACR , 2k dE
Dilih 42.4 d, B TI3afEa = A2 el E 1 976
o, BB 134 mL (£99.0 g), SXFHKZHIEN
140mL (#4993 g) TFm, AL (2004)
FIHRZ R FEARAT I ZZ DN 12.65 g AHIZIR, 77
T 1Y) 22 R AT B A ] % 18 R R R B R AN [ T 3
B, 12,65 g ZZ ORI 3 AR IR E . A
AR B F 10 22 1 O B0 FOKR I IR IR e, A3 Bl
FIVEY) b BRI — R AR B 94 0] 1 20 5RDBE A 0.9
JG, 7EFOKIEHCE S/ FH X, R IR R HIR
Bz, W2 WA RE, FiRERN, BE
AR ) 7 4 MR T AT

H A ™ oK i T AW B 6 ) s B e
B, Br TAB HIRIRYE T dendrolimi FFH 43 M5
HIRIRIE T0 chilonis BT VLA FFE A ORAE A v ] 2F
FHATREA A, HoAth) 3z W A R 2R HR e
s, NEKIESRIREE T ostriniae . H W7 Mk %
HR¥E T brassicae. ) IRHRYE T evanescens . %%
INIREE T, pretiosum 55, 3 REHEZZ M O 45 /N BT
YE R rh A 25 200 . AR, BEE B Hb 0T ik
Spodoptera frugiperda NZAEM . YN FIARLEN
95 FOREMBAEW I & 2 P Ry 1 T ™ 1
T 266 7657 i AR A A Ay e b D 7 Mk ) A8 R 27 AE MR R
e, AT TR SRR B iR o RS KR SR A
B AR B AR MR 0 g b ) A S O ARG K i A
PRt T HOR S

A& N E R, ik, ™~
HARL T GMASEE (FREME, 2012; XIBH
55,2013 ), RIBOTME, T, FEA PR L RE
PRIRSE AN E , R TE AR e [ S AN e T
X o R, R A ] 5 22 0 A ol MR e B 4
PR )5 3, Je A= KA A 7 I E
i IX A8 IR G 04T 35 AR M B a4t T Ae s (R
1N RN i3 B 7/ O R 0K v 2 5 WA i s A U
ez, S H EIF A 2 (X HERE S,
2008; KRKAYL, 2013 ), LAe/MYESAU, g
YEWMERR A=K ( Batra, 1982; Clemens, 1984 ), {4

B [ N e e IV S e 4, (R o PR B AT 4%
2ebE, DLRBIBF AR SES  4ES8as A vk
%% (Hochberg, 1989; Wang et al., 2014 ),
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