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1.2 {UB® WEE K ZE(3WD-8, 7l [E i 4% it 4/ 7)) L A ST110-03, ST110-04, ST110-05 , ST110-06 4 Fih
B IE 25k (5 Lechler 23 AR ™) s 54MAT LAY RETH( H 57 3310 BY) ; 7 K- FAI004N)
1.3 EFHFE KNI EEZRAE 3 MEW EmARERRN K E X Bk E e A Y &
T 60 cm, [H € W3k He 7747 0.2 MPa, S0 > B KUSEXU] (38 8 45 0F) BRI RE (IRLEE 28 °C 1A 85%) - %
29 JIBEZFLH 2 g « L't v /K 1 W % 800 4%, 43 Wi i} ST110-03 ( VMDI151. 7 pum) , ST110-04
( VMDI162. 1 pm) ,ST110-05( VMDI180 pm) ,ST110-06( VMD215. 3 wm) Bt 75 ALt/ (138 H % Fi iR 3
P I A AR A 3 Uk, AT AN 4 AR IR IR 25 S R LSD ik 725 57 W aE M Ak
1.4 BHE BEREH ALSEMIIEEAEEYHE ERREMNE LR R BBk
RS AT AR R R R O AL AR T P T R R R 2% JIBRER FLil e /N (A 32 H RT3
FiAE Y R DU A Ao . IR A R R KPR IR | o A Design-Expert8. 0. 6 {4 #E17
DA BETH( central composite design, CCD) |, DARSE R & i B A5 A5ORN 5 Sk w3 B Ok 745 o, SR il 20 Al 4k
LA EIE R 3 R, ARG A A WA 2. 2 g - LT FPBEROKIE WO 2% ) SRR FLIR B 2 3%
| Irs Wk B, 72 25 N 451 (28 °C W E 85% ) , %6 F ST110-03( VMDIS1. 7 pum) Mt Sk [ 22 W5 3k Fk 124 0. 2
MPa 54 F , XE/INFIE H BRI I 3 FAd Y EA T WE%s , MR R 4 0k AR 3 IR M ER
259 A ART 2 b5, SRR ik gt 3R I BRR DR i 30 B0 SR A v 22 30 X [l 1 92 3
7R BNABLE LUG 45 805775 BRI 38 B0 R J7 4 L 43 B 45 PR 2R 1 S 3800 A B sy, i — 25 3R 31 i
PR 1 7K, S5 i A — 2 7K T3 T PR SRA e 1 1 ) e A

®1 WEASWHKESES

Tab.1 The factors and levels of the response surface analysis

A A5 & K EAE AL levels of the independent variables

Pz .
factor A . -1.68 -1 0 1 1.68
Interval of the setting
I 7 5 - hm ™2
PO /(L - hm ) (A) a 7 203 262 334 406 455
spray volume/( L « hm ™) ((A)
SRR AR (B
i’;‘«g%m@&z( ) b 200 464 600 800 1000 1136
dilution ratio( B)
R =a >
53K 5 B /em( C) ¢ 10 43 50 60 70 77

sprinkler head height/cm( C)

T 25 DN ZUR L 50 B AR ) A i e A 22 3 a = (A - 334) /72:b = (B -800) /200; ¢ = ( C - 60) /10

Note: Transformation formulation of various factors against corresponding variables: a=( A =334) /72; b= ( B -800) /200;

c=(C-60) /10
%2 LG RRIT
Tab. 2 The central composite design of the experiment
A AL WER /(L - hm %) MR EL W53k 1 3/ em
Treatment number Spray volume Dilution ratio Sprinkler head height
1 334.00 464.00 60.00
2 262.00 600. 00 50. 00
3 406.00 600. 00 50. 00
4 262.00 600. 00 70.00
5 406. 00 600. 00 70.00
6 334.00 800. 00 43.00
7 213.00 800. 00 60. 00
8 334.00 800. 00 60.00
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4k 2 Continued Tab.2

G b PR AR BEhE /(L - hm ™) 2 R RL 553K 5 JEE / em
Treatment number Spray volume Dilution ratio Sprinkler head height
9 334.00 800. 00 60.00
10 334.00 800. 00 60.00
11 455.00 800. 00 60. 00
12 334.00 800. 00 77.00
13 262.00 1000. 00 50.00
14 406. 00 1000. 00 50.00
15 262.00 1000. 00 70.00
16 407.00 1000. 00 70.00
17 334.00 1136.00 60. 00
18 334.00 800. 00 60. 00
19 334.00 800. 00 60.00
20 334.00 800. 00 60. 00

1.5 EMER\IIREAREBWESZE (LB 7R3 AR 2 h DUS, WY R
RO AR R B 2 7 i, R P e e AR S ASCI s T AR AR — EEAR(12 em x 18 em) H1, 3N
A 10 mLERAEK A i 3R AT B AR e AR R B3 mL PR 5240 AT UL BETHAE 426 nm
T A A R SRR S AR LB AU (g - em )
I PR = ﬂfﬁYﬁEYfﬁYﬁiETﬁ%;‘E‘/&E x R

2 ZEREHSH

2.1 EFHANFIREZLMES MEY ERREMEM KA ST110-03(151.7 pum) ST110-04( 162. 1
pwm) ,ST110-05( 180 m) FiI STI10-06( 215.3 wm) 4 Fft 5 IEME Sk 46 2% )18 22 L Ioh 2 3R W e Ak FALAE /8 1
S CH WA 3 FEY) L, 2590 F AR BT Je SR AR il e NN AR R AEAEY) L DR & £ AL R PR AE
A R BRI e S5 R L2 3.

F3 EFKADX2%JIREZMEDMEX - EMAMHENERHBRRENZ N

Tab.3 The effect of droplet size on the deposition of 2% toosendanin EC on Pakchoi, cucumber and cabbage leaves

UNEEAWNIILE S E NS ES s b RR
g 3k 25 VMD) PUBURE/(pg * em ™) PUBUE/(pg  em ) PO /(g + em ™)
Nozzle type( VMD) Toosendanin deposition Toosendanin deposition Toosendanin deposition
on pakchoi leaves on cucumber leaves on cabbage leaves
ST110-03( 151.7 pm) 0.2217 a 0.2025 a 0.1333 a
ST110-04( 162.1 pm) 0.260 0 a 0.2025 a 0.109 2 b
ST110-05( 180 wm) 0.276 7 a 0.2583 a 0.080 0 ¢
ST110-06(215.3 pm) 0.2525 a 0.2700 a 0.0425d

T RPEHE N 3 E T, SR EARA /NG FRRIRTE P <0.05 KF F 285 W3 ( LSD %)
Note: all data in table are the average of 3 replicates, different lowercase in the same column mean significant difference at P <
0.05 level by LSD test

H 3R 3 AR, AR KN 2% JIARER FLIMAE 3 At EY) TR A —E i 520 , B 5 50 AR AN
], 55 /N )N B ZLIMAE AR bR i R B OB (W52 R[] o e AR 428 3 B Y L 250 R R /Nt 1]
PR ZE FLIHAE /N LA B I B L A DRSS 0 AT J 2 52 s T S SR AR AR Ry H B B A7 b T AR A 1 R R
DURR R I 2 b7 A2 34 R I8 S5 R
2.2 BRE - BREHNBELSEX 2%JIIREABHENEE - HEMHENHE LNITRENI T
2.2.1 "RRFHBAEHAR K GEI 2% N RFELEE DG E T T ERREG YR REURE 5
2 i W R EIORE Sk v B O G PR 2R e RO A A IR T i O vE i e 188 O %, LR Central
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Composite Design 155077 % LI KW NEDLAREE( RT) W3 4. MG 4 RIS R ) design expert 8.
0. 6 FAFHEATREAL A3 RSN FLih7E /N st B L B i AR TOR A [l U5 77 7
Y =2.87 +0.24a - 0.80b6 - 0.33¢ ,
Arp: Y SR AR s a, b, ¢ FORANIRI BTG R iR RORE Sk i B (L
x4 BEEFHXIKRIENEXLAREZWHOASHEIITRER

Tab.4  The central composite design and results of the effect of spray condition on toosendanin deposition on Pakchoi leaves

A B C RI/(pg* em™)
1 0 -1.68 0 0.418
2 -1 -1 -1 0.599
3 1 -1 -1 0.499
4 -1 -1 1 0.333
5 1 -1 1 0.376
6 0 0 -1.68 0.184
7 -1.68 0 0 0.201
8 0 0 0 0.222
9 0 0 0 0.222
10 0 0 0 0.222
11 1.68 0 0 0.331
12 0 0 1.68 0.199
13 -1 1 -1 0.180
14 1 1 -1 0.390
15 1 1 1 0.262
16 1 1 1 0.220
17 0 1.68 0 0.216
18 0 0 0 0.222
19 0 0 0 0.222
20 0 0 0 0.222

W55 25 PEXT 2% NIBRER FLIAE /N F =M R BRSO 21 5 o a6 T A Y 19 7 22 73 BT 2R

LR R e S EN LIPS GUR (i
#5 JIREENAXETREFNEEH ANOVA T4 R

Tab.5 ANOVA results of the Deposition of toosendanin on Pakchoi leaves

KR B2 B Y97 F1H P1H
Source of variations Sum of squares DF Mean squares Fvalue P-value
£ T
s 11.07 3 3.69 4.08 0.024 9
model
_u#—i:*‘g
AL 0.80 1 0. 80 0.89 0.360 5
A~olume
P .
B2 A AL 8.78 1 8.78 9.72 0.006 6
B-dilution ratio
CHBE 3k g B
Cosprinkler height 1.49 1 1.49 1.65 0.217 1
5)%2% 14. 46 16 0.90
residual
ER
Lack of fit 14. 46 11 1.31
P
gl R 22 0. 000 s 0
Pure error
=N =
S 25.52 19

total
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G5 SRARAT LA L R Z 8138 BAE H W] LA ZIEAS T, DA PR i) 1o (L 52 i oK
B2 A AT BRI TR S P 5 M 5 oA B A, kg £ 800 s CHE 3k o B X TR L 38 /N, A T340, AWV et
TR R AR I BN, N IERUN o AR I — RO R, 7 — B YL N AT Fe R (EL.

BT A SRR, Y25k 406 L+ hm 7 B RRASECH 600, 153k 55 4 4 50 em B, 2% )1 BRER FLit
FE/NHZENE B TURUEE R, R /N 3R A I BRER OB 2 0. 42426 pg + em 20
2.2.2 CRREHBERBHEAR K Z AN 2% N RF I EH Bt @ Ly RREG o EEURE B
T BRI Sk 5 B R R 2 1 R RO 2 AR IR BT i e R B8 T 52 HARAY Central Com-—
posite Design 38565 58 LA K W B DAL ( RL) L3 6. AR5 6 AR 45 1, f5 B design expert 8. 0.6
AT AL, A5 80 1S B T AR ORR 1 D)3 5 R -

Y = 1.46 +0.17a — 0.38b + 0. 067¢ ,
K Y RN R e, b, ¢ FORANE R 2 B B A EORMmE Sk = B A9 (E
%6 BESAWIHEEHELTIREWHOASRRIZITRESR

Tab.6 The central composite design and results of the effect of spray condition on toosendanin deposition on cabbage leaves

A B C RI1/( g+ cm™?)
1 0 -1.68 0 0.177
2 -1 -1 -1 0.241
3 1 -1 -1 0.151
4 -1 -1 1 0.183
5 1 -1 1 0.266
6 0 0 -1.68 0.097
7 -1.68 0 0 0.106
8 0 0 0 0.133
9 0 0 0 0.133
10 0 0 0 0.133
11 1.68 0 0 0.203
12 0 0 1.68 0. 140
13 -1 1 -1 0.099
14 1 1 -1 0.164
15 -1 1 1 0.110
16 1 1 1 0.116
17 0 1.68 0 0.076
18 0 0 0 0.133
19 0 0 0 0.133
20 0 0 0 0.133

H A B AR IR B A T5 22 0 T R (3 7) R IR ALK B S 2 /K- ( P <0.01) , o
ZAUS PRSI R o =0. 01 #ER/KF BB 35, D5 e o — D5 e, 4 I R W) JE 32 5ARE

iR T 5IATT R AT LUE N R Z 852 AR R AT L2 AN T o DB DR 2R X i) SO {EL F) 52 1) ok
&, B2 B RO DU 2 0 fi o W O 380N A R0 X OB B30/, Ol IE AR, Gk iy JEE
XHICRRER AN /N A TERRN o T3 R — IR TT A A — 2 Y Bl A e KA
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R7 JIREREHE LRRETMNEEE ANOVA SR

Tab.7 ANOVA results for the Deposition of toosendanin on cabbager leaves

b3/ BEFT B ¥r FAH Pl
Source of variations Sum of squares DF Mean squares F~alue P-value
SRR
H 2.43 3 0.81 6.69 0.003 9
model
IR
AL 0.37 1 0.37 3.00 0.097 9
A~olume
P TN
B-25 R e AL 2.00 1 2.00 16.49 0.000 9
B-dilution ratio
CEL e
Cosprinkler height 0.062 1 0.062 0.51 0.4855
ﬁija% 1.94 16 0.12
residual
AU
Lack of fit 1.94 11 0.18
J e
PLI g TR 0.000 5 0.000
Pure error
=N =
St 4.37 19
total

BB LS R, 25k 694 L - hm 2 S BRASHEOR 600, 835 75 4 70 em B ,2% )1 R Z L3
FEH M A A TORR B, IR i i A ) B B TR 2 0. 273 85 /pg + em .
%8 BESAMIREEEN EARBENHOESRBRIGITRES

Tab.8 The central composite design and results of the effect of spray condition on toosendanin deposition on cucumber leaves

A B C RI/(pg* em™)
1 0 -1.68 0. 444
2 -1 -1 -1 0. 509
3 1 -1 -1 0.416
4 -1 -1 1 0.243
5 1 -1 1 0.413
6 0 0 -1.68 0.265
7 -1.68 0 0 0.185
8 0 0 0 0.235
9 0 0 0 0.235
10 0 0 0 0.235
11 1.68 0 0 0.355
12 0 0 1.68 0.272
13 -1 1 -1 0.296
14 1 1 -1 0.532
15 -1 1 1 0.247
16 1 1 1 0.230
17 0 1.68 0 0.312
18 0 0 0 0.235
19 0 0 0 0.235
20 0 0 0 0.235
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2.2.3 CRRFHBAEHAR K S 2% R FE LA RN @ L RR TG Yoh  EEONFE 2
W R BORIT Sk g B O R 2R 4 b A R e T 0 5 v a2 K58 &€ L B Y Central Com-—
posite Design {577 28 DL K b (ETTA R ( R1) L3 8. MR R 8 ik 45 4, {5 B design expert 8.0.6
B EA TSR, A5 303 F A B 7 T AR TR 2 1 [l )=y A
Y =3.06 +0.43a - 0.37b - 0. 44c ,

K Y TR A AR L a, b, ¢ FoRARIRN RIS 2y i R B BRI Sk v B (B

T2 B B RS P AT R ) 7 22 70 A4 R ( 32 9) RBH AR E) 1 K F-( P <0.05) |, Rix
UG AR I FRTE o =0. 05 BE/KF Wl W3, A — IR, SRR BEAEH. 4563k 9
a5 R LUE 1, R Z R HAE 0] LLZ B ASTE o RS PR 2806 i o7 i 1452 Wi R o, Gtk vy i
XA 8 P52 T i oAy B 8., Shy B0 30507 5 A% YR X UL AR o R W /0N, Ay T BT L B4 YRR R A B TR o
AR/, RSN o 5 R — IR 5 R, FE— 8 Yu B N A s KA

*9 JIWEEER LAAEFNERE ANOVA SRR

Tab. 9 ANOVA results for the Deposition of toosendanin on cucumber leaves

KR B2 A ¥r F1H Pl
Source of variations Sum of squares DF Mean squares F~value P-value
1)
Bt 7.01 3 2.34 2.91 0.046 6
model
IR
AR 2.48 1 2.48 3.09 0.097 9
A~olume
5516 R Ak
BAR R 1.82 1 1.82 2.27 0.151 1
B-dilution ratio
CHE 3k i 2
2.71 1 2.71 . .084
C-sprinkler height 3.38 0.084 6
ﬁﬁ% 12.84 16 0.80
residual
ERe
Lack of fit 12. 84 11 1.17
P ST
AR 0.000 5 0
Pure error
=N =
e 19.84 19

total

B2 R W], 255 406 L+ hm 2 B RRAEEUR 600, BESL 25 B K 50 om B ,2% IR 2L
FEHE I B L TR B R, G 38 I B )1 R TR i J2: 0. 430 03 pg * em 2,

3 W #

3.1 HEZBHMEMAFEEMMHF LHRREEYMM R EMFEBETIRX WA 2557178
YEMI Fr L B DCRR A BRI /N A8 55 55 i A B T 250 AR i DR AR 45 R R0
W5 %5 55 R/ 2% )RR FLIMAEAE Y P 22 A OB BRI, 15 2510 K/ N3 245 700 DURR B R 2 1 5
VERIU R S5 R ERAE R UIAR G VR I F G5 A0 R AN ), W85 55 55 22 A 0 25 R 7E VR 9 it e 2 1T Y D 4 170
B A AR o S 225 AN 83 (HAE VMDI51.7 ~215.3 pm i [, BEE 55 25 i 938 0, 2% 1|
BRER LI/ SN BT A DTAR it 2 38 s 100 24 (sl 0 O i e, W58 55 5 R A 1 2 8 25
RN FLIh e H M 3R B9 S AR O R o R, U BICRIV N 12 25 ), 4% VMD215. 3 jum
ISk L ITFEH B A 25, 64 VMDIS1. 7 pm Bk
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3.2 BIRE -BASEMARBBRMEE 2%IMRELBEFEDIH A RANARBERAZ N, FE R
JIRFFHAEEIMH A REARRENZMNESH FEMSEEEX  ARELSURRY, SO6LEY o/
FASIEN WA TSk o 2 A0 24 90 B 7550 3 NS DA 3R v, S iR 114 2 24 790 ) s AV 0, iy 73800, B
W 245 WA B AR 3, 1B A it 2 T ) D s DT RR i il 2 i DR 3R DR 58k 5 B2, IS A 978K
o7, RISk g S g , DPOREE /DNy R M /)N (R W9, B 3 MR Py 38 0, ok A 2 i ) B DT B e
e SAERAEY) o H B R Ik v B M2 WA A AR 3 B2 MR R R T, S R A K 24 O 2450 A #
REAEA, S 50800, RIVREE 253800 A i B0, 3 Aol 2 o S 7 10 AR T BRCR 249980/ 0: 45 7/ N S T A
7 B2 YRR M) DR 3R A W A, W o D T AR, B W e (0 8, ot 3 i A S AR R 3 s B2
M i /N R Sk o B, A R TEARNE o Y s by BTN WSk g 2 08 AR ik ) 532 e e oA W 8, A 973800
FER AW , R TE AN s 25380 R RO DURR SR OS2 i /N, DA 8O0 o 2385 DA B AR ER 25 2R n] LIAR
BN BEATT R 3 2 S R/ NSk 5 BE A R T 2% 1B LI AV E ) i A DA

S22 3k
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Optimum Spray Condition of Toosendanin EC for Three Crops

ZHOU Yiwan', WU Liyuan', ZHANG Xing'?, FENG Juntao'
(1. Research & Development Center of Biorational Pesticides, Northwest A & F University, Yangling, Shaanxi 712100, China;

2. Shannxi Center for Engineering and Technology Research of Biopesticides, Yangling, Shaanxi 712100, China)

Abstract: Pakchoi ( Brassica campestris 1.. ssp. chinensis Makino) , cucumber ( Cucumis sativus 1..) and cab—
bage ( Brassica oleracea L) . were sprayed with 2% toosendanin EC to determine the relationship between toosen—
danin deposition on their leaves and spray conditions. Singlefactor design and Center Composite Design ( CCD)

were arranged to analyze the effect of droplets size, spray volume, dilution ratio and sprinkler head height on
toosendanin deposition on the leaves of three crops. The results show that the optimum spray conditions were
droplets VMD 215.3um, spray volume 406L/ha, dilution ratio 600 and sprinkler head height 50¢m for cucum—
ber and pakchoi leaves and droplets VMDI51. 7pum, spray volume 694L/ha, dilution ratio 600 and sprinkler
head height 70cm for cabbage leaves.

Keywords: toosendanin, deposition, spray condition
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