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1. INTRODUCTION 

The effect of the action of insecticide on the organism of an insect 
(R = reaction) is a function of the applied dose of insecticide (D = dose). 
R = f(D). We expect that after mixing insecticides the effect of the action 
of the mixture (Rm) will be a f unction of the sum of doses of insecticides 
(Dm): Rm = f(Dm) (= addition). 

• However, the effect of the action of mixtures - as the result of joint 
action of insecticides in the process of in toxica tion of the organism of an 
insect - can be high er then the expected effect: Rm > f (Dm) ( = syner­
gism) or lower: Rm < f (Dm) (= antagonism). 
In view of the practical aspect of synergism there are used various me­
thods in studies on mixtures of insecticides, tending towards quantitative 
assesment of the effect of joint action of the component.s of these mixtu­
res in the shape of so-called coefficient of synergism (Bakuniak, 1973; 
Cole and Clark, 1962; Gowing, 1960; Sun and Johnson, 1960; Tammes, 
1964). 

These methods are generally limited to studies on two-component mix­
tures. The autor proposes the application of multimentional analytic ge­
ometry to calculate the effect of joint action of any number of insectici­
des in mixture. 

II. METHOD 

To evalutate the interaction of insecticides in n-component mixtures 
we can apply the method of multidimentional analytic geometry. We 
consider the n-component mixture of insecticides as a set of systems (LD1, 

LD2, LD3, ... , LDn) in n-dimentional Cartesian space Cn, where: LD1 - 'do-
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sis letalis' of this i-of insecticide stated for instance by Finney (1952) or 
Litchfield and Wilcoxon (1949; see: Bojanowska, 1961). 

And thus, the individual toxicity of the particular insecticides create 
in space Cn f ollowing sets: 

11 (LDv 0, 0, ... , 0) 

I2 (0, LD2, 0, ... , 0) 

13 (0, 0, LD3, ... , 0) 

.. . .. , 

... ' 
In (0, 0, 0, ... , (LDn), 

and the toxicity of these insecticides in the mixture create in Cn the set: 

M (LDm1, LDm2, LDm3, ••• , LDmn)-

The sets 11, l2, 13, ... , In delimit in the space Cn the (n-1)-dimentional 
hyperspace wchich designates the expected effect of the joint action of 
n insecticides in mixture (= addition). This hyperspace is describerd by 
the equation (1): 

LDm1-LD1 LDr.02 LDm3 ... LDmn 

-LD1 LD2 0 0 

-LD1 0 LD3 0 
(1) 0= 

0 0 

~ LDM1LD2LD3 • • LDn+LDil½LD1LD3 · ... · LDn+LDm3LD1LD2 • 
· LDn + LDmnLD1LD2 • ... · .LDn-1 - LD1LD2LDs • ... • LDn = 0. 

Denoting LDm1 by x1 and the succeding products. LD1 wi th LD~ by 
ki, A2, A3, ... , An and the product LD1LD2LDa • ... • LDn by Ao we optain . 
the equation of hyperspace Hn-i in the general form (2) (Borsuk, 1976): 

(2) 

In the instance of addition, after substition for the equation of the hy­
perspace Hn-1 of the adequate values LD1 and LDm1, it satisfies the equ­
ation (2). Taking the value of addition as the unity (= 1) the coeficient 
of the joint action of insecticides in the mixture equals (3): 

(3) 
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when: WW = 1 -addition, 
WW > 1 -synergism, 
WW < 1 -antagonism. 

For instance, the formula for calcula.tion of the index WW in the mix­
ture of three insecticides has the form (4): 

(4) WW = LD1 LD2 LD3 
LDm1 LD2 LD3+ LDm2 LD1 LD3+ LDm3 LD1 LD2 

aind in the ins.tance of the mixture of two insecticides (5): 

(5) WW = LD1LD2 
LDm1 LD2+ LDm2 LD1 

or in the instance of the mixture of one insecticide with a synergist which 
itself does not show any insecticidal activity (6): 

(6) WW = LD1 . 
LDm1 

The signüicance of appearance of synergism in the mixture of_ insec­
ticides we can test at the accepted level of probability the significance of 
the average result I WW-11, for instance out of five repetitions. The Dun­
net's two-sided test (Dunnet, 1955) is the most applicable. The autor pro­
poses the program 'MIX' (to the microcomputer ZX Spectrum Sinclair) to 
calculate the effect of joint action of insecticides in mixtures. 

III. EXAMPLE 

The three component \mixture containing 100/o of lnsecticide No. 1 + 
+50°/o of Insecticide No. 2+400/o of Insecticide No. 3. The calculation of 
results of the investigation on synergism of the mixture are presented in 
Table 1. 

Program ,MIX' to calculate the effect of joint action of insecticides 
in mixture to the microcomputer ZX SPECTRUM: 

10 REM ,MIX': Joint action of insecticides 
20 REM ZX SPECTRUM 48 K 
30 CLS: INPUT "Number o,f insecticides" ' "in mixtures?"; 

n' "Number of repetitions?"; r: DIM _a(r): DIM b(r, n): DIM c(r, n) : 
DIM d(n) : DIM m(r) : DIM p(n) : DIM x(r) : DIM z(r) 

40 LET s1 = 0: FOR j = 1 TO n: INPUT ("Percentage ";j; "-insce­
ticide") ; "in mixture?" ; p(j) : LET s1 = s1 +p (j) : IF s1 = 100 
THEN GO TO 60 / 

50 BEEP .2,17.6: BEEP .3,13.4: PRINT FLASH 1; AT 12,12; "Sum(} 
100!": GO TO 40 
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Table 1 

The results of the investigation on synergism of the mixture of insecticides: 
Ins. No. l - 100/o, Ins. No. 2 - 50'/e and Ins. No. 3 - 400/o. 

LDso microgram per insect 

Repeti tions 
Insecticide LD1 

1 2 3 4 5 

Ins. No. 1: LD 1 0,21 1 0,19 0,24 0,19 0,22 
Ins. No. 2: LD2 0,67 0,54 
Ins. No. 3: LD3 1,60 1,58 
Mixture 1:5:4 LDm 0,27 0,25 
LDm. 0,1 LDm1 0,027 0,025 
LDm. 0,5 LDm2 0,135 0,125 
LDm. 0,4 LDm3 0,108 0,100 
Index ww 2,52 2,35 

WW = 2.59; s = 0.351; Sww = 0.157; 
Confidence interva1 - p = 0.95 : 0.157 · 3,88 = 0.610; 

- p = 0.99 : 0.157 · 5.73 = 0.900; 
WW-1 = 2.59-1 = 1.5~ > 0.900. 
Result: Significance of synergism at p = 0.99. 

0,60 0,72 0,66 
1,46 1,60 1,63 
0,30 0,22 0,24 
0,030 0,022 0,024 
0,150 0,110 0,120 
0,120 0,088 0,096 
2,19 3,03 2,86 

60 CLS: FOR i = 1 TO r: PRINT AT 21, 0; i; "-repetition:": IN­
PUT "LD50 of mixture?"; m(i) : FOR j = 1 TO n: INPUT ("LD50 
o f"; j; "-insecticide?"); b(i, j): NEXT j: NEXT i: CLS: FOR i = 1 
TO r: LET a(i) = 1: FOR j = 1 TO n: LET a(i) = a(i) * b(i, j): LET 

· c{i, j) = m(i) * p(j)/100 : NEXT j: NEXT i: FOR i = 1 TO r: LET 
z(i) = 0:FOR j = 1 TO n: LET d(j) = 1: LET e = b (i, j): LET 
b(i, j) = c(i, j): FOR k = 1 TO n: LET d(j) = d(j) * b(i, k): NEXT 
k: LET b i, j = e: LET z(i) = z(i) +d(j): NEXT 'j: NEXT i: LET 
s1 = 0: LET s2 = 0: FOR i = 1 TO r: LET x(i) = a(i)/z(i): LET 
s1 = s1 + x(i): LET s2 = s2 + x(i) * x(i): NEXT i: IF r = 1 THEN GO 
TO 80 

70 LET s = SQR ((s2-s1 * sl/r)/(r-1)): GO TO 90 
80 LETs = 0 
90 LET SWW = s/SQR r: LET WW = s1/r: CLS : PRINT TAB 5; 

"INDEX OF JOINT ACTION:": FOR i = l TO r: PRINT AT 
i + 1, 8; "WW("; i;") = "; x(i) : NEXT i: P-RINT 'TAB 8; "MEAN: 
";WW: INPUT#0; "Dunnet's two-sides test?" '"to.o5 = "; dl, "to. 
ol = "; d2: LET Cl = SWW * dl: LET C2 = SWW * d2: PRINT' 
'TAB 7; "CONFIDENCE INTERVAL": 'TAB 6; "at p = 0.95: 
"; Cl'TAB 6; "at p = 0.99: "; C2: LET a$ =" ANTAGONISM": 
LET s$ =" SYNERGISM": LET c$ =" · Significance of": LET 
p$ =" at p = 0.95": LET _q$ = "at p = 0.99": IF Cl ) = ABS 
(WW-1) THEN PRINT FLASH 1; '"ADDITION": GO TO 150 
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100 IF C2 ( ABS (WW-1) THEN GO TO 130 
110 IF WW ( 1 THEN PRINT FLASH l'c$ + a$'p$: GO TO 150 
120 PRINT FLASH l'c$ + s$'p$: GO TO 150 
130 IF WW { 1 THEN PRINT FLASH l'c$ + a$'q$: GO TO 150 
140 PRINT FLASH l'c$ + s$'q$: GO TO 150 

_ 150 PRINT =ff= 0; "START-press 's'", "END:-press 'e": PAUSE 0: IF 
INKEY$ = "s" OR INKEY$ = "S" THEN RUN 

160 IF INKEY$ = "e" OR INKEY$ = "E" THEN NEW 
170 GO TO 150 
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Jan Swi~ch 

ZASTOSOWANIE GEOMETRII ANALITYCZNEJ WIELOWYMIAROWEJ 
DO OCENY EFEKTU WSPÖlDZIAlANIA INSEKTYCYDÖW 

W MIESZANINACH 

STRESZCZENIE 

Do obliczen efektu interakcji insektycyd6w w mieszaninach (addycja, 
synergizm, antagonizm) zaproponowano metod~ geometrii analitycznej 
wielowymiaro-wej. Mieszanina n-skladnikowa traktowana jest jako zbi6r 
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uklad6w (LD1, LD2, LD3, ... , LDn) w n-wymiarowej przestrzeni kartezjan­
skiej Cn. Toksycznosci indywidualne poszczeg6lnych insektycyd6w tworZq 
w Cn uklady I 1 (LD1, 0, ... , 0), I 2 (0, LD2, 0, ... , 0), 13 (0, 0, LD3, ... , 0), ... , 
In (0, 0, 0, ... , LDn), zas toksycznosci ich w mieszaninie tworzq w Cn uklad 
M (LDm1, LDm2, LDm3, ... , LDmn). 

Uklady Ii wyznaczajq w Cn hiperplaszczyzn~ (n-1)-wymiarowq okre­
slajqcq oczekiwany efekt wsp6ldzialania n insektycyd6w w mieszaninie 
(addycja). Hiperplaszczyzna Hn-i opisana jest r6wnaniem og6lnym: A1x1 + 
+ A2Xt-i + A3X3 + ... + AnXn = 0. Przyjmujqc indeks addycji WW = 1 otrzy­
mamy: ww = Ao/A1x1+A2x2+A3X3+ ... +AnXm. Gdy WW) 1 - syner­
gizm, gdy W\V ( 1 - antagonizm. 

Istotnosc synergizmu bada si~ testujqc istotnosc r6znicy I WW-1 I we­
cilug Dunneta (1955). 

Podano wzory na obliczanie wskaznik6w WW mieszaniny dwu- i tr6j­
skladnikowej oraz dla przypadku mieszaniny insektycydu z synergetykiem. 
Zalqczono listing programu dla mikrokomputera ZX Spectrum Sinclair 
obliczajqcego wartosc wskaznika WW i testujqcego istotnosc synergizmu 
n-skladnikowej mieszaniny insektycyd6w. 

ITPHMEHEHHE MHOI'OPA3MEPHOß AHAJIHTHqECKOß 
I'EOMETPHH ,D;JlH O:UEHKH 3ct><t>EKTA B3AHMO,D;EßCTBHjl 

HHCEKTHI.1;11,D;OB B CMECHX 

PE3IOME 

,l];JIR Bb1q11cJieHJ1R 3cpcpeKTa J1HTepaKI..J;J1J1 HHCeKTHQHA0B B CMeCHX (aA­
,n~HR, CHHeprH3M, aHTarOHJ13M) rrpeAJI01KeH0 MeT0A MHOropa3MepHOJ1 

aHaJIHTH11eCKOJ1 reoMeTpHH. CMeCb H-3.JieMeHT0B 0TH0CHTCR K MHO1KeCTBY 

CHCTeM (JI,D;i, JI,l1;2, JI,D;:i, ... , JI,D;H) B H-pa3MepHOM KapTeH3HaHCK0M npo-­
CTpaHCTBe CH. JlJ11IHbie T0KC.J111H0CTH OTAeJihHblX HHCeKT~HA0B o6pa3yIOT 
B CH cHcTeMbI I1 (JI,l1;1, 0, ... , 0), 12 (0, JI.z:Lz, 0, ... , 0), !3 (0, 0, JI,n;3, ... , 0), ... , IH 
(0, 0, 0, ... , JI,D;H), 3aT0 HX TOKCH11H0CTJ1 B CMeCH o6pa3yIOT B CH CHCTeMy 
M (JI,ll;Mi, JI,D;~, JI,l);M3, ... , JI,l];MH). 

CHcTeMbI IH orrpeAeJIHIOT B .CH r11rrepnJIOCK0CTh (H-1) - pa3MepHyro 
orrpeAeJI.HIO~yro 01KJ1AaeMbll1 ,cpcpeK~l' B3aHMOAel1'.CTBHR H HHCeKTHQHA0B 

B. CMeCH aA)l;HQH.H. r11rrepnJIOCKOCTb XH-1 0IIHCaHa o6~HM ypaBHeHHeM: 
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A1X1 + A2x.2+ Aaxa+ ... + AHxH = 0. IlpMHJ1MaR HH'AeKc aAAJ1QJ1J1 WW = 1 
rroJiyqJ1M: WW = A/A1x1+A2x2+Aaxa+ ... AHxH. Kor'Aa WW > l -CJ1He­

prJ13M, KOr'Aa ww < 1 - aHTarOHJ13M. 

CyI.QeCTBeHHOCTh CJ1HeprH3Ma J1CCJie'AyeTCR TeCTHpysi: cyI.QeCTBeHHOCTb 

pa3HJ1QhI (WW-1) rro ,ll;yHHeTY (1955). 
,ll;aHO cpopMyJibI Ha Bl,lqJ1cJieHJ1e IIOKa3aTeJieH ww CMeCJ1 'ABY- J1 Tpl1-

9JieMeHTHOH a TaK:>Ke B CJiyqae CMeCJ1 J1HCeKTJ1QJ1'Aa C CJ1HepreTJ1KOM. IlpJ1-

JIO:>KeHO JIJ1CTJ1Hr nporpaMMbI 'AJIR MHKpOKOMilblOTepa zx Spectrum Sin­

clair BbJqJ1CJIRIOI.Qero BeJIJ1"IJ1HY noKa3aTeJIR WW J1 TeCTHpyroI.Qero cy­

I.QeCTBeHHOCTh C11Heprl13Ma H-9JieMeHTHOH CMeCJ1 J1HCeKTJ1:QJ1'AOB. 


