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Effects of different rice varieties on larval development, survival, adult

reproduction, and flight capacity of Cnaphalocrocis medinalis ( Guenée )
LI Xia"?, XU Xjuxiu', HAN Lanzhi""*, WANG Mo*, HOU Maolin'

1 State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing
100193, China
2 College of Plant Science & Technology, Huazhong Agricultural University, Wuhan 430070, China

Abstract ; The rice leafroller, Cnaphalocrocis medinalis (Guenée) , is an important rice pest in the main rice-growing areas
of China. In recent years, it has caused substantial damage and seriously threatened rice production. C. medinalis is a
seasonal and long-distance migratory species; its flight behavior is probably affected by many environmental factors, such as
food quality during the larval stage, population density, photoperiod, and weather. Deterioration or shortage of food during
the larval stage not only influences the development of C. medinalis but can also cause reproductive diapause to induce its
migration. To determine how larval host quality affected development, survival, reproduction, and flight ability, we
investigated larval survival, adult ovarian development, fecundity, and flight capacity of C. medinalis feeding on six
different varieties of rice. The varieties were Wuyujing 3 (japonica rice) , Ningjing 1 (hybrid japonica), TN1 (indica),
Shanyou 63 (hybrid indica), Liangyoupei 9 ( super hybrid indica), and Yongyou 9 (super hybrid indica X japonica).
These six varieties were the major ones cultivated in different rice-growing areas of China. Development, survival, and
fecundity of C. medinalis on the different rice varieties were observed by determining semi-natural population life tables on
each variety. Ovary development and the flight abilities of adults feeding on different rice hosts were investigated by

dissecting the female ovaries and by tethered flight tests, respectively. The results showed that C. medinalis exhibited
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significantly lower survival in the immature stage and significantly lower adult fecundity when larvae fed on Wuyujing 3 and
Ningjing 1 than when they ate Yongyou 9 or Liangyoupei 9. Similarly, the larval and pupal developmental stages of C.
medinalis larvae that used Wuyujing 3 and Ningjing 1 as hosts were significantly longer compared to those that developed on
Yongyou 9 and Liangyoupei 9. Furthermore, the average ovary developmental grades of C. medinalis from Wuyujing 3 and
Ningjing 1 were significantly lower than those from Yongyou 9 and Liangyoupei 9 in both mated and virgin moths.
Conversely, both mated and unmated 3 and 4 day old adults had significantly higher flight abilities when they had fed on
Ningjing 1 as larvae than those than had fed on other rice varieties. The results indicated that the different rice varieties
significantly influenced the survival, development, reproduction, and flight abilities of C. medinalis. The rice varieties
could be ranked in order of their negative influence on C. medinalis as follows: Ningjing 1 > Wuyujing 3 > TN1 > Shanyou
63 > Yongyou 9 > Liangyoupei 9. This paper discusses probable explanations for the observed differences in development,
survival , fecundity, and flight abilities of C. medinalis. Leaf morphological characters, high cellular contents of silicon,
and the thickness of the wax layer may be the major reason for the decline in fitness of C. medinalis feeding on japonica rice
varieties. In addition, a shortage of some amino acids and low levels of juvenile hormone resulting from low-nutrient or
deteriorated hosts may inhibit ovary development and contribute to the migration of C. medinalis. These results could

provide the foundation for C. medinalis population forecasting and the development of sustainable management tactics.

Key Words: Cnaphalocrocis medinalis; development; survival; reproduction; flight
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2 HEROW
2.1 ANFKAS s A R i ER i AR R 7 R

R A WIS [ it R R KRS, OB 7306 37 i o 1B 80 35 25 57 (P>0. 05 ), {ELBI 4 H 1 i 14
A7 R AE AP R AE S35 22 5 (P<0. 05) , BRI PIOLIE JU L RO R de e, ORI 63 ML 9 5 THE 1
B HE 3 5 LB 2y HORE B A7 R R TH e AN A R B SR BT e (3R 1) o

F1 FRKEBRHAFREHETHIASHESHENFEER

Table 1 Survival rates of C. medinalis feeding on different rice varieties

fhFh Varieties i Egg/ % %l Larvae/ % Ul Prepupa/% 1 Pupa/%
REH 3 5 Wuyujing 3 69.4x1.2b 29.5+1.3¢ 88.1+2.8a 80.8=1.1c¢
TN1 71.4%1.4ab 34.920.8b 85.9+1.8a 87.8+2.0b
T 1 5 Ningjing 1 68.8+1.0b 31.7+1. 1be 85.6+1.2a 64.4+1.3d
Pk 63 Shanyou 63 70.4+1.6ab 39.2+1.3a 88.3+2.0a 94.3+1.1a
Wit L Liangyoupei 9 73.9+1.0a 42.3+1.9a 90.7+1.5a 94.6%1.6a
R 9 %5 Yongyou 9 71.3+0.8ab 39.4+1.8a 89.9+1.9a 89.7+1.6b

B I AR R, R — S B 5 A AR B3R 248 Duncan 2 WS 225+ B3 (P <0.05) A F & 2—6

4y BB AN ) SRR R K R W D 3 25 SR SB35 (P>0..05 ), {EL40 Ha 7 300 o R B K R e ] 2% S
WE(P<0.01), Hghd I LIT R 1 S 09K, 15 15.7 d, R R E R 3 580 TNL, i R fEm {9 S
PSS L b 00 R 7 R i e T B R (P<0.01) o W E DABCE A1 9 S 195 , 35 22. 40 mg, i THH 1 =
A, 8 20. 50 mg, B EMRTHE MR (P<0.05) , P O EAS R KRS i A 77 7E W & 22 5% (P<0.01) , LU
FPL 9 S HAPLEE LA S ey, T4 1 SR lh 0.8(%£2)

®2 FEABRMARE S TRABTEE RS

Table 2 The developmental durations of C. medinalis larvae and pupae feeding on different rice varieties

i A A/ d I 33/ d I/ mg P (2/6)
Varieties Larval stage Pupal stage Pupal weight Sex radio
REM3 5 15.120.7b 5.6+0.2a 20.73+0. 45bc 1.0+0. 10b
TN1 15.0+0.7b 5.020.2a 21.70+0. 54abe 1.020.0b
TH 15 15.7+0. 6a 5.320.3a 20.45+0. 42¢ 0.820.0c
i 63 14.90.7b 5.520.2a 22.00+0. 57ab 1.120.0b
LRI 14.0+0. 5¢ 5.5+0.2a 22.27+0.25a 1.440.1a
M9 = 14.2+0.4¢ 5.0+0.2a 22.40+0.51a 1.6+0.0a

2.2 ANIRIZKAE OGS RN It 5Bl L B 58 7 1R R

Xt 3.4 H 5 BE A AR S BC A 9 ME SR EA T D SR ), A BRAE MO O 5 AL 63 MU AL 2P AL Y e
WGP 2T B0 B T 0 s TIERE 3 S AT 145 (P<0.01) , TR SLARILARL 63 5 1 & din Bl By
BFEFES(P>0.05) , [Al— HEACBCA 5RO A 0 88 % B G0 22 5 AN B35 (P>0.05) |, B S Bl % B 8 %
AR ELW(ER3),
2.3 IR KA b A 2 0l e S T ) R

R A W I AN [ KRS it Aol i, G BR300 7 B 308 7 Bk R M e 5 i 7 A () Ak B ] 49 A I 35 22
St U AL 9 5 BORAANE: IR AY P B ATIL R F T TR 1 S AR ERE 3 5 (P<0.05) s FUEE AL 9 5 Al
DL 63 (14 L™ BRI B3 28 T TR 15 (P<0.01) s [FlAE BRI 9 5 AOMESZF fir i fie 1, 35 I
T INL RHHE 3 SHTHE 15 (P<0.05) [H5PL 63 FIPIILIE UL BI2E R A 3% (R 4) .
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Table 3 Ovarian development of mated and virgin C. medinalis adults feeding on different rice varieties

fhFP Varieties

3 Hi® The 3™ age

4 HE The 4™ age

AZHE Mated

KA Virgin

AZHE Mated

KAEELA Virgin

REM3 5 1.9£0.1b 1.8+0. 1b 2.620. 1b 2.620. 1he
TN1 2.20.1ab 2.020. 1ab 2.920. 1ab 2.820. 1ab
THI1 S 1.9+0. 1b 1.8+0. 1b 2.6=0.1b 2.5+0.1c
il 63 2.320. 1a 2.2+0.1a 3.0=0. 1a 2.9+0. la
WithrE L 2.2+0. lab 2.2+0. 1a 3.00. lab 2.920.1a
ko 5 2.4+0. 1a 2.3+0. 1a 3.240. 1a 3.120.1a
F4 AEKBRMEAFEZGETEAESHELRNSENRES
Table 4 Fecundity and longevity of C. medinalis adult feeding on different rice varieties

i 77 BT Lk 7ROl e i
Varieties Preoviposition Oviposition period Total eggs Female longevity
REM3 5 5.2+0.4a 4.4+0.5he 112.4+10.3b 9.820.5b
TN1 4.420.4ab 4.8+0. 5he 129.4£12. 4ab 9.820.4b
TH 1= 5.5+0.4a 3.9+0. 6¢ 108.9+7.3b 9.220.4b
il 63 4.5+0.3ab 5.820.5ab 147.6+8.4a 10.5+0. 4ab
WL 4.8+0. 5ab 5.3+0.7abc 139.7+10. 6ab 10.4+0. 4ab
mfto 5 3.920.2b 6.920.4a 159.8+10.7a 11.3%0. 4a

2.4 A[EDKAE SRRSO AT BE ) A
XF 3 4 H S BE IR SO 2H Mg A o7 ik, e IR A2 M 20 AR AN [ KRR ot o ] A A4 Pt R g - 2

AT A2 AT B AP AE B 25 5 (P<0.01) HEH RATHT ] 22 5 AN B3 (P>0. 05) , 2 U EBCE 780 1
SRR I 3 4 H 4R H 2 AT R FOT Y RA T B I 63 R LR AR 9 (K S
M 6) o ACHECLLTE AR 7K it ol [ RS A P U (141 25 QA TS ) R0 38 RATHE 5 22 A8 1 3% (P>0. 05 ), (HHOF
P RAT R 25 5 B3 (P<0.01) 2 HUHELE T8 1 SIREAE IR 3 4 H #8838 Tl g B3 & T
TNT AR L R 9 S AL 63, HFHSRAY RITRE S (25 F16)

x5 AREKFERME,3 BIRFEMNEHIERE 5K EEHN TN

Table 5 Flight capacity of mated and virgin C. medinalis female moths feeding on different rice varieties at the 3™ age

3 HIAACHE M, Mated moths at the 3™ age

3 HIEARAE MK Virgin moths at the 3™ age

s FEGREE  PH R PR G TS GREE PSR P
Varieties Mean flight Mean flight Flight distance Mean flight Mean flight Flight distance
speed/ (km/h) duration/h /km speed/ (km/h) duration/h /km

REH3 5 3.83+0.13ab 9.97+0. 14a 38.13+0.29ab 4.26+0. 17ab 10. 13+0. 10a 43.01+0.20a
TNI1 3.43+0. 18bc 9.63+0.20a 32.87+0.37ab 3.80+0. 19bc 9.95+0. 12a 37.55+0.29ab
THE 1 = 4.00=0. 15a 9.88+0. 13a 39.30+0.28a 4.52+0. 16a 9.87+0.17a 44.39+0.27a
it 63 3.11+0.08¢c 9.63+0. 18a 29.86=+0.26b 3.44+0.17c¢ 10.02+0. 10a 34.28+0. 19b
AR L 3.46+0. 18bc 9.36+0.29a 32.12+0.43ab 3.67+0.20c 9.85+0.11a 35.89+0.31b
M9 = 3.37+0.17bc 8.99+0.27a 30. 15+0.40ab 3.580.13¢ 9.31+0.11a 33.26+0.25b
3 atig

AHFTER I, A RKAE S A RS IR AR KA A7 RS WA T BT 5, AL A A 9
AR 63 FEHE 4R R AR I MECR Y ) A 7 AR I (2 R AR A B SR T T B R
M AT SRR PR RN TR 1 SR R 3 54 AR I S A SRR R A 0 R R
AEHEAT IS A e O SR A 7 eI B i R R R AT
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®6 TRKERME,4 BIRTENSMHIET LS R 32 B MR KITRE

Table 6 Flight capacity of mated and virgin C. medinalis female moths feeding on different rice varieties at the 4™ age

4 H i3S HC % Mated moths at the 3™ age 4 HIEARAZE Virgin moths at the 3™ age
v V- RATEEE V-2 KA TN ) TR RATIE V- RATEREE - AT ) Y RATIE
Varieties Mean flight Mean flight Flight distance Mean flight Mean flight Flight distance
speed/ (km/h) duration/h /km speed/ (km/h) duration/h /km

REH3 5 3.17+0. 16ab 6.50+0.33a 20.29+0. 30ab 3.59+0. 10ab 7.36+0.27a 26.31+0.29ab
TN1 3.03=0. 15ahc 6.7420.19a 20.28+0.29ab 3.32+0. 15bc 7.09+0.22a 23.52+0. 32abc
THE 1 = 3.42+0.17a 6.61+0.30a 22.41+0.35a 3.70+0. 13a 7.69+0.22a 28.32+0.27a
il 63 2.8120.09hc 6.3420.18a 17.77+0. 18bc 3.1320.11c 6.97+0.22a 21.74+0.23hc
AL E L 2.92+0. 15be 6.57+0. 15a 19.07+0.22abe 3.27+0. 12be 7.26+0.22a 23.62+0.21abe
w9 = 2.6920.11c 6.0420.21a 16.17£0.24c 3.0720. 10c 6.78+0.22a 20.68+0.23¢

T8 OZ IS0 [ R AT BE S KR i A B TE SRR AVE R A O, TR 1 SRR B 3 S e, i
28 NFH T RGN A A R 8, T L A et Ao ot R 9 o AR Tk 5 i 18 S 3 R T R A 9 5 SRR
Fiv Bsm 7 HBUME S BRAERBUMEAD , — 0 B Al RS b A SR 1 R T T 2 e LT () S
PIZ S BRI R TR — SR AS IR A B KRS X RS A4 I O 7= B A0 7 O A | o Ay B
B A 2 5 O KR R B RUR O i E R 4 HUE AL B W R AR B ek i S i 4 s R A
o SRR A K R B A R Y A ST R R, AN TR KRS R A 7 R o R A I 1
FU , i — 2RI I G 0077 A T Rt o ) S PR A 25 A G, B R P i ) ot ot i EL A s ) A TR AL
RAEE MR o i L ARBFFE R T R | SR A 3 2 i T R AR B A RIS AR R ARG I AR R R F
W e — 2T

2y RO EDRL X RN SR B — . SR FE N AT A 3 DAL &R R R A
I 25 5 % A AT (Y U0 51 % B8 LA /- BEMI R AL 3 S A T FE N TR T H A T 1—4 1%
241 HBCE A S R I S R A S R R o ¢ S B SR K B OO, A B O R SO0 3 R
TR o ABFFEON 4 HUBTEAS [R] K R i b 4] 55 00 A A5 - R g4 7 B0 SR 201, o A I s B HE 3 5
TORE 1S R T R T A I B B R AR T AL LS AT 63, X T RS B A o3 rh sk D JE A G
SR RIS RIS 0 B R B A O Ok U, i H R T2 SR 4 B BB R B A & B R B
P R B Fe RS W R 2R 532 T LA 31 K i Amphion floridensis Y1 /% & BT Wb s B & FL R 4
TR 5 Sl B AR 5 4 s 35S R 0 A0 2] Lk SR P R S 3R ik ) S 0 (AR 0 {4
Z RS, NTTBE 11 20-F2 FE158 52 i ( 20-hydroxyecdysone ) I = R

ERBER A EAXNBE RN ITEA —ENiBSI/EN, w25, KL H Lissorhoptrus
oryzophilus Kuschel HUE 22 REB IR ST BE, RATHIL H ¥ A& 38 BRI ST AR, AT WL B 58 U , 48 K38 53 1k
HUE KR _E kA AR B SR R g R T, BR R R R R A 2 P O X AT
BA W R, AT A T KR St A B A A 1 B HOER TR SR B R i AT A RATIE R, X
A RER PR O BRI ANE BB 2 7 A A DL 410 ] W 04 73 IB DR 4l R 07 B0 S 2 5 452 i T o7 e ke
KA REE P ECE 24 h FEYUER, WP ELE I R B 1 GORE 2 IR A A g D i
o, B BB AT TR B AR IR I . FEATRSE T R A I ] B s el ek A B B O 2, B R
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