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Abstract: Two bio-insecticides, Bacillus thuringiensis ( Bt) and Ectropis oblqua Nuclear Polyhedrosis Virus ( EoNPV ), are
commonly used for control of pests as mixtures. The efficiency against pests has a complex relationship of dosage-time-mortality
because of the bio-insecticides’ chronic lethal effect. However, evaluating ratios of two bio-insecticides had not been investigated.
The present investigation studied dosage-time-mortality on the second instars larva of Ectropis oblqua using the theory and method
of tupu analysis from Ye et al and fingerprint chromatogram analysis from Cao et al. Analysis of variance of multiple factors to
bioassay data of Ectropis oblqua larva was conducted using the SPSS statistical analysis system and Excel drawing software.
Multiple curves of the mortality process of the pest or the efficiency at intervals of time at different doses were established. One-way
analysis of variance to the data from the curves was conducted by the SPSS statistical analysis system and similarity, and non-
similarity were obtained according to tupu I, and [l , then similarity coefficient, and non-similarity coefficient were calculated
respectively. Finally, an evaluation index of efficiency of mixed bio-insecticides to the pest was constructed based on two

coefficients, i.e., the Q value. The result showed that Q) values of four ratios of Bt: EoNPV, 9:1, 7:3, 4:1 and 2:3, were
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200,100,31.0 and 23.8, respectively, indicating that 9:1 was the best ratio with the maximum Q value. The finding was
consistent with previous bioassay. Reliability and application of the tupu analysis method were also discussed.
Key words: Bacillus thuringiensis(Bt) ; Ectropis oblqua Nuclear Polyhedrosis Virus( EoNPV) ; mixtures’ ratio; Ectropis Oblqua

Prout; efficiency at intervals of time; evaluation
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Table 1 The bioassay results of Bt and EoNPV preparations and their mixtures

Kb H Treatments i kb B R 73 A3 IR RANFE BB Accumulative numbers of death larvae

HRRE  HE Bti#j EAMNM ENPYVAK ZAXME 91BE FAXME 7T3RE ZAAE 418K ZAXE 23RE SEHA

Dosage level Time (h) Bt . Blank EoNPY Blank ?:1 Blank 7:3 Blank A.itl Blank ?23 Blank

Preparation  control  Preparation  control Mixture contro] Mixture  control Mixture control Mixture control

5 48 25.3 0 3.5 0 19.3 0 19.3 0 21.0 0 9.3 0
5 72 31.4 0.5 15.5 0.5 25.3 0.3 24.6 0.3 27.0 0.7 13.0 0.3
5 96 37.9 0.2 32.7 0.2 30.6 0 31.6 0 31.0 0.3 18.3 0.3
5 120 40.0 0 35.5 0 33.6 0 35.6 0 34.3 0 26.3 0
5 144 40.0 0 40.0 0 36.6 0 36.6 0 36.6 0 29.6 0
5 168 40.0 0.3 40.0 0.3 37.3 0.7 36.9 0.7 37.3 0 32.6 0
4 48 22.5 0 1.3 0 18.7 0 16.0 0 15.0 0 10.7 0
4 72 28.2 0.5 7.6 0.5 26.0 0.3 22.0 0.3 18.7 0.7 13.4 0.3
4 96 30.5 0.2 19.6 0.2 30.3 0 29.0 0 21.0 0.3 15.4 0.3
4 120 33.0 0 33.3 0 32.3 0 32.3 0 24.3 0 20.4 0
4 144 34.8 0 36.1 0 32.6 0 34.6 0 27.6 0 24.4 0
4 168 36.0 0.3 38.3 0.3 33.3 0.7 35.6 0.7 31.6 0 27.1 0
3 48 14.8 0 0.5 0 10.7 0 9.3 0 14.7 0 7.7 0
3 72 17.5 0.5 1.8 0.5 16.3 0.3 12.0 0.3 18.0 0.7 8.4 0.3
3 96 21.5 0.2 5.0 0.2 20.6 0 16.0 0 19.7 0.3 10.7 0.3
3 120 23.3 0 10.2 0 22.6 0 20.3 0 21.7 0 11.0 0
3 144 24.6 0 17.0 0 24.3 0 24.0 0 4.4 0 12.0 0
3 168 25.6 0.3 25.7 0.3 26.0 0.7 26.7 0.7 25.4 0 15.0 0
2 48 9.7 0 0.3 0 6.0 0 3.3 0 7.0 0 4.3 0
2 72 11.0 0.5 0.6 0.5 8.3 0.3 5.6 0.3 9.3 0.7 6.0 0.3
2 96 12.0 0.2 1.1 0.2 10.3 0 7.6 0 11.6 0.3 7.7 0.3
2 120 13.3 0 1.8 0 13.0 0 10.6 0 12.9 0 7.7 0
2 144 13.8 0 3.3 0 14.3 0 11.3 0 14.2 0 8.4 0
2 168 15.3 0.3 8.5 0.3 15.0 0.7 12.3 0.7 15.5 0 9.1 0
1 48 5.0 0 0.2 0 4.3 0 3.0 0 3.0 0 1.3 0
1 72 5.7 0.5 0.2 0.5 7.6 0.3 4.7 0.3 4.0 0.7 1.3 0.3
1 96 6.4 0.2 0.4 0.2 9.6 0 6.4 0 5.0 0.3 2.3 0.3
1 120 7.6 0 0.6 0 11.9 0 7.1 0 6.0 0 4.0 0
1 144 7.8 0 1.7 0 12.9 0 7.4 0 7.0 0 4.3 0
1 168 8.5 0.3 3.5 0.3 13.9 0.7 8.1 0.7 8.0 0 5.6 0

AR s RN BIE-FHANEEES KT, HPHNERBHBESH S, BMHABESRH 1, HERIENE All dosages were

written as the number of dosages’ stair level respectively, in which the highest was written as 5, the lowest was written as 1, and the others so on

b1 AL L4 45 R0 IR E A Excel B4 /5,188 T 71 & B 22 Byt B 255018 BB %

PE6 M ARIZGRLEYENMEREZHEHERFTE5W, ARFBRFR R B B AL B F Ry
BHAB(p<0.05), HANLHE, HEE 1 PRHIINF, EARMNBXNBIEEEZME F EKIKA 177.474
% (15.969 * \206.173 * ,101.423 * .152.269 * F1 28.855 » ; ANFIAT BE W WAL WA F KKK 14.228 * |
6.719 * ,48.319 * \19.793 x .22.810 % f17.673 x ., —3 XK ,Bt 5 EoNPV K& H & e 1B 57 76 37| B A1 &t 18] B %
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Fig. Efficiency curves of different agent at 6 times
A:Bt#i5; B:EoNPV 887; C:9:1 BAALH; D73 IBAAHE; E:2:3 BELAME; F.4.1 BERLAE

A: Bt preparation; B: EoNPV preparation; C: 9:1 mixture; D: 7:3 mixture; E: 2:3 mixture; F: 4:1 mixture.,

2.2 HEMHTIERMENL
B 8T T RE MBS EERE 2,

F2 MAEET I HRREACENRETR
Table 2 Assimilarity values of tupu [

ARE(D MBEWD 91 o 79 a:1 2:3 gﬂ‘;vm BN CK
HR®  Dossge  Dossge  BE® Assimilacity RES MLME RES MOE BES MME T Y (K e
Way section section 9:1 o3 A.V. 4:1 AV, 2:3 AV, . Bt preparation CK
(I e Mixture value Mixture Mixture Mixture pre(pg;:;lon (CK) AV,
Scheffe 1 2 * 1 * 1 * 1 * 1 N * 1
3 * 1 * 1 N 0 N 0 N * 1
4 N 0 N 0 N 0 N 0 N N 0
2 1 * 1 * 1 * 1 * 1 N * 1
3 N 0 N 0 * -2 N 0 N N 0
4 * 2 * 2 * 2 N 0 * * 2
3 1 * 1 * 1 N 0 N 0 N * 1
2 N 0 N 0 * -2 N 0 N N 0
4 * 1 * 1 N 0 N 0 N * 1
4 1 N 0 N 0 N 0 N 0 N N 0
2 * 2 * 2 * 2 N 0 * * 2
3 * 1 * 1 N 0 N 0 N * 1
LSD 1 2 * 2 * 2 * 2 * 2 * * 2
3 * 1 * 1 N 4] N 0 N * 1
4 N 0 N 0 N 0 N 0 N N 0
2 1 * 2 * 2 * 2 * 2 * * 2
3 N 0 N 0 * -2 * -2 N N 0
4 * 2 * 2 * 2 * 2 * * 2
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Bonferroni 1

Sidak

I
W= RN = bW A WRNWRN - LARN = B WMem A WNWN= BN -
* ok 2 ok Z ok ok Z ok 2 ok Kk ok kx Z x Z Kk x Z k Z k k X kx Z kx 2 %
F N O RO R NGO RO R RO R, OR NGRS R R R NS =S -
* Kk 2 ok Z ok ok Z ok 2 ok Kk ok kx Z k Z Kk kx Z k Z Kk k k kx Z *k Z %k
PN O R OR NGO MO MM m NGO R ORMNO RO MMMEMNG MO -
Z ok 22 x 2 X k x 22 k2 k22 k2 k k k Z 2 k kx x Z *k x 2
CNOONONNFRFOO=ONOCONONNRLOO =R NGNS
22222222 %22 k22222222 x 22 %x 2 x 22 x 2
COCO0OCOOCO P OO P OO0 O = OO ONO O NO
2 x 2222 % 222222 x 2222 x 222222 x 2222
X ok Z ok Z ok ok Z ok 2 ok Kk x Xk Z ok 2 ok ok 2 x 2 k k *k k Z k Z X%
»-mo»—-o»—-wo»—-o»—-»—-»—-no»—-o»—-wo»f-o»-—-»-No»—-o_-

o

£t Total 13 10
QFR" BT PSEACHNENZERRNTRANATABRELEFX; QN EBEAEXNERFEE "+ "RTRFXNEREE . K
“x"EMERBVEEET]; QHEETHRAT R ARELEFTN "S5 BRN 14 "EHBIE 1 4.5 24 « " S HBIE 2
SryEEREAEPH "B S5XEN 2NN HBEN,WNE -2 4
@ In the table, by “way” it meant the way of the ones of different data processing for multiple comparisons by SPSS software; @ The “N” meant the “no

Y
[ ]
Y
[ ]
£
[ ]

significance” and the “ * ” did the “significance”, the “ * ” was established as tupu I ; @ The “assimilarity value” was valued by the way of the method when

the “ * 7 of mixtures had met one “ * ” of the ck marked 1, two the “ * ” marked 2, however, when it had met two “N” marked - 2

% WC = (IRECAL 2 A UE /CK AHLUE) x 100 M ¥EHE IBE 9: 1 JBE 7:3 BB 4:1 FAREL 2:3 5 CK
BB (AR DL R B, B IR AR B R Bk ¥k 9 100.100.31.0 71 23.8, BRI, SRS — K%, w1 HEH
BEC9:1 FIIREL 7:3, MA SR LY BIHIK.

2.3 AR TIMERSEL

Bigp Tl B ES&AIEFELE 3,

%3 EiaT I RRARL

Table 3 Non-assinilarity values of tupu I

ZELEBHPELE R SHRLE (D

A IE®

wmabE (1)@ Data processing ways of multiple comparisons and treatments(J) a.b&it
: - Non-assimilarity
Treatments( I ) Scheffe LSD Bonferroni Sidak val Total of a and b
ue
EoNPV Bt EoNPV Bt EoNPV Bt EoNPV Bt
7:3 N N N N N N N N 0(a) 2
9:1 N N * * N N N N 2(b) 2

O *»"RARELBSEFNBERNBR I HARFIBEEEREE, FHL »"SRECVEHBLETT; O“EHLE", B EABKLTIHN
B HEKEMNH "SR HNE; OBBRBRZIWMN A XTE SR, RAM(df=5)p =0.002, F =4.989
@ The “ * ” meant the “significance” , it was established as the tupu Il ; @ non-assimilarity value was valued of the “ * ” of mixture 7:3, or mixture 9:1,

according as the total of the “ * ” marks; @ Before the multiple comparisons, the result of variance analysis showed that p = 0.002 and F = 4.989

DIER3, RERATIRE 9:1 MHRE 7:3 R S ARIX AR B AT I L2 R4, AT IEMLE
= (R—REAEEMCE RIRABEIERDUEZ ) x 100 B 77EHH, HAH 55125 100 1 0,
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2.4 REABRSENAF G L REUL— ZHRELSR, R HH %, BB 9:1.7:3.4:1 71 2:3,
4 MBERALER Q E 451 200.100.31.0 1 23.8, ik, B “9: 1" B H P BIFHR AR I
3 Wi

A EE S PT R R T iR FR IR, A TE S N E R BEER, B R
BESHRNEMRRESEREAGS. IFNESELEATRRENENRARAERBEN RS HF
BB AR FIR -0 F-BOUE R E AR AR Bl ERBFEF AR S AR EETR Y
EEETIAM, HEETHR-NE-BREAEGEREBTEANELEURERTHE GRS Bl
ENSRAEEMEGRAN —WL N, R, ARERKSIH T #F XA T 7 5 R B S E
SRS B KRS EE AR TS RS BE TR SR R A s p Bt
o ARG ARKT LRMEIL B4, 7% Bt 5 EoNPV BRAR S R FIF % ERTTHNSR, FEF
EEE i — e E SR,

Z T, B B N Rl — A Y WO AT T R R M7 % “ Bt 5 EoNPV & FEIR R I K5 AR B AL, 3048
MEREREFBR B FIEBR, OBLBIL TR ENE, RN 9: 1" HEY LT, HAK, & SUEE R
Q&M F B AR i B BT R B R R T Z A, B T “4:1797:3742: 3740 Be B 4 LI
FRET(ARREAKF)HBARYHERADELER, M9 1"LBNEZRADE, H—PRM9: 1"
ARFRKFZARABEE BN IEORA RTE TRFAMEYR AR GRIEREEHBRER
IR EREA; M, AT EFRNEREERRE HE B, B8R Z 8N AN E, &
BRI AR Z AL, R T 3¢ “F & - F-BOCAE " H S F S MR BE . QAT 50 xd o B 25 20y e Ak A
RO 405 AR LA S B - - BOEE RV E S X AN AEH R, RBRE S HEBIHHE TR HT
S YERI BB AR AE , BRI R B AR R i 48 5 AR U™ I O TR 1B 5K B R DR O AR AR LR
BEHFRESFE TR - NBEEETENE - NE G EER FEEMTIE, AR B 5
BGRMFEATAT GFEBRE T S AR “FIR-0 H-BOCER"ZEXR, M EORREE RS
FIRRBGEHEEFFIAEETH— GG BB FFRNS 18R B RAEFERN
MEEYFERMEZEHME G B EEERA MR BREL, FEd B B — B TS
MBWEYE AL RBBARLRSFER . Bk, FRANMFASNS RENRAEREE —EHKER
At BERLRSFENRRS BB R LN ED T RAMBE, AN REEHIBL TR E
GE T Al SR A LA 34 5R T R A
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