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AlistrItct 

Toxicity and persistence of deposits of diazinon, fcnitrothion, malathion, methyl-parathion and phosa- 
Ione at 0-05% following one autumn spray in 1976 on apple leaves and. twigs were evaluated against 
San Jose scale Quadraspidiotus perniciosus Comstock at Solan, Himachal Pradesh. The deposits of 
insecticides on apple leaves were found to be more compared to those on twigs. Diazinon, fenitrothion, 
methyl-parathion, and, malathion persisted up to 5, 6, 4 and 3 days, respectively following treatment 
while phosalone persisted up to 12 days. Fenitrothion provided protection up to 25 days to twigs 
and 27 days to the leaves against the coccid. Methyl-parathion and diazinon were the next effective 
compounds. Malathion proved to be the least persistent and the least toxic insecticide. Phosalonc, 
though persisted for periods longer than any other compound, was of little use against the pest. 

Key words : Orga.nophosphorus insecticide, toxicity and persistence. 

L Introduction 

San Jose scale Quadraspidietus perniciosus Comstock continues to be a serious insect p2st 
of apple in Himachal Pradesh. Leaves and twigs become the first target of its attack 

c 	before the peit m9ves on to the fruits. When the fruits are harvested, the pest thrives 
either on leaves or twig;, and a third generation of the pest emerges out during autumn'. 
The attacked leaves and twig; beesorn: spotted, skinny and wither, ultimately affecting 
the quality of fruits in the following season. Investigations were, therefore, carried out 
to evaluate the toxicity and persistence of some recommended organophosphorous 
inszcticides on leaves and twigs of apple when sprayed during autumn as a prophylactic 

measure. 

▪ Part of the Ph.D. Thesis submitted to the Himachal Pradesh University, Agricultural Complex, 
College of Agriculture, Solan, by the senior author under the guidance of the second author. 
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2. Materials and methods 

Apple trees (cv Red Delicious) were sprayed en 22 September 1976 with the commercial 
formulations of d'azinon, fenitrothion, malathion, methyl-parathion and phosalone in 
a private orchard at Kasauti (S,lae.) with the help of a foot sprayer (Aspee make) to 
'run-off' at the recommended rate of 0 . 05% concentration. Layout and other horti- 
cultural operations were according to recommendations'. Random samples of 24 
twigs (t2- 15 cm long and 104,5 mm dia) and 100 leaves were collected from four 
rei lications pr treatment on 0 (immediately after the spray was dry), I, 3, 7, 1.5 and 
30 days following spraying. The samples were brought to the laboratery where these 
were divid:d ink 4 lots of 25 leaves and 6 twigs each. From each lot, 15 leaves and 4 
twigs were drawn for ea:h replication. From leaves, disks of I. - 6 cm dia. were with- 
drawn and for twig;, length and diameter were record:d for determining the surface area. 
The sam?les wen: later extracted, cleaned up and stored for analysis. Field sample 
extracts were, fint analysed by bioassay taking adult males of Drosophila melanogaster 
Meig. as test insect as per the method of residue-film ' of Kavadia and Rattan La1 3. 
Results obtained by bioassay were confirmed by standard chemical methods of each 
insecticide'. Following the two methods of estimations, diazinon was recovered to the 
extent of 90 ± 1 %, fenitrothion and methyl-parathion gg + 5%, malathion 95 + 2% 
an di phosa lone 93 ± 3%. 

Intrinsic toxicity of the insecticides was earlier determined by Thakur 4  (Table I). 
Hall-life value of the deposits of each insecticide on apple leaves and twigs was worked 
out on the basis of formulae of Hos kins 5. The values of the effective life of each insecti- 
cide were worked out by substituting the log LD 90  to Y ' of the respective time-deposit 
regression equations (Table II). 

3. Results and discussion 

Fenitrothioni  was found to be m3re toxic (Table I) to the crawlers of San Jose scale 
than thee other ins :cticid:s. Methyl-parathion, diazinon, malathion and phosalone were 
next in the ord:r oftoxicity. There was no change in the ranking order of the 
chemicals when compared on the basis of their LD,,0  values. 

Chm.mical estimations of the deposits of insecticides, in all the cases, approximately 
agreed well with the data obtained from the bioassay of field sample extracts (Table ID. 
The data of the two estimations of each insecticide in both the seasons were positively 
correlated. There was not much difference in the extent and magnitude of initial 
depos:ts of diainon, fenitrothon and malathion but the order of activity changed with 
time. both on leaves and twigs due to the. differences in their persistence. The deposits 
of all thtse insecticides dissipated quickly up to 3 days following treatment in spite of 
increase in minimum temperature and therafter slowly. Humidity showed consider- 
able variation during the last week prior to final sampling. There was, however, 110 
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Table 

te I A  Toxicity of insecticide deposits to the crawlers of San Jose scale 
Quadraspidiotus perni- ciosus Comstock 

Insecticide 	Regressicin equation 	LI:150 	Fiducial 	LD" 	Fiducial 
(mecm 2) 	limits 	(pg/cm2) 	limits 

(Pglen12) 	 (isecnil 

0. 01 60 0-0107 
0 - 0239 

0 . 1664 0.0659 
0-4198 

0 . 0089 00065 0 . 0583 01291 
0 0122 0 . 1169 

0•0130 0 . 0091 0 . 1076 0 - 0397 
0 . 0188 0 . 2917 

0 . 0765 0 . 0528 0'6555 0 . 2587 
0-1108 1. 6620 

01 289 0 - 0911 1 - 1190 0-4617 
0.1825 2 . 7690 

Diazinon 	 - 1 - 2.599x -4 2'2231 

Fen itrothion 
	

I -- 1 . 5689x I-1.94 20 

Nteth.yl-parathion 	1 . 3992x ± 20396 

Ntalathion 	 Y -gr- 1 . 3737x 	1.0386 

Pttesalone 	 =1 • 3 6  5 9  viC ± C'7516 

In gone of these ca ses the data were fouad to Sc sigaificantly heterogeneous at P 0 . 05 
Y= Probit Kill ; x = log. COI C. (1141CM 2) X 104. 
* Vide Thakur4. 

rainfall during the period or experimentation. The figures for average weather condi- 
tion during this Tnriod are given in Table H and illustrated in fig. 1. Malathion could 
not persist on leaves and twigs after the 1.5th day while only 0.01 to 0-05 pg/cm 2  of 
the depnits or diazinon, fenitrothion and methyl -parathion could be detected on the 
30th day on both the leaves and twigs. Phosalone, however, exhibited maximum 

Persistence on leaves and twigs (0-36 to 0-40figicm 2  on the 30th clay). 

Th= deposits of insecticides on the [5th day (Table It) when subjected to the respec- 

tive regression  equations (Table I), for obtaining corresponding per cent kill of the 

crawlers, revealed that the deposits as low as 011 pg/cm 2  of methyl-parathion on 

leaves (Table  Iv) c ould give 89-9% mortality, followed by the deposits of fertitrothion 

(0 1 5  pgicm 2). On twigs, the deposits of diazinon (0.10 pg/cm 2) gave 83 .8% mortality 

followed by methyl-parathion (0611 pgicm 2). The deposits of phosalone followed by 

malathion, however, Provided the least expected kill. This showed that the threshold 
of toxic action on leaves was smaller with methyl-parathion followed by fenitrothion, 
while on twigs it was diazinon, followed by methyl-parathion. From practical stand- 

Point, these are important considerations because an insecticide is better if its threshold 

of toxic action is smaller, 
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Table H 
Persistence of ingecticide deposits on apple !eines and twigs during autumn in Himachal 

Insecticides 	Method of 	Deposits (pecrns) ± 95% confidence limits at different 

estimation 
(PlantiLocation) 

Diaimon Bioassay 
Chem. astiy 

Bioassay 
Chem. assay 

(L) 
(.14) 

(11 
(T) 

0 

3 . 133 1 012 
3 -  1.1 ±006 
(3 . 47) 

3.56 1 0 . 54 
256±.092 

1 

2.09 L045 

	

1.18 1 	0 . 10 
(1.64) 

2.18 :1-.. 0 . 42 

	

1.26 1 4 	0 . 11 

3 

0.72 ± 0 . 27 
0583 0°10 
(0.65) 

0.78 4. 0 . 27 
O. 60 ± 0 . 05 

(3 . 06) (1 • 77) (0.69) 

Fenitrothion Bioassay (L) 4.00 1 0.43 1.92 ± 0 . 22 1. 01 ±O'54 
Chem. assay (I.) 4- 01 :t 0- 60 2.47 ± 0.59 0.95 ± 0.24 

(4.02) (2.20) (0 . 98) 

B ioassay (T) 3• 36 ± 0. 09 1• 76 1 0. 60 O. 66 ± 0- 54 
Chem. assay (T) 3- 82 	0 • 33 1• 73 ± 0. 68 053+ •  	0- 26 

(3q59) (l• 75) (0. 60) 

Methyl-parathion Bioassay (L) 4 -56 ± 0.98 3-41 ± 0.20 105 ± 0 . 42 
Chem. assay (L) 4° 38 ± 0- 53 3 44  ± 0 . 53 1.65 -± 0 . 05 

(4•46) (3.43) (1.35) 

Bioassay (1) 4 -  23 ± 0-57 3-20 ± 0-99 0 ' 8 3  1 0.31 
fly m. assay (T) 4.27 4: 0.80 2 88 + 0. 35 1 - 18 4 	0 . :1 

(4 . 25) (3 .  04) (1. 01) 

Alla thion B lois. tsa Y (L) 3 . 07 ± 0 -  49 2°67 ± 0 • 45 1 ' 39  ± 0 . 38 

Chcm. assay (14) 3 . 12 	0 - 40 242+ 0.32 1 - 13 	!- 	1•15 
(3•09) (2.55) (1 -  26) 

Bioassay m 3 - 12 i 	0.48 213i 	0-17 1•0 1  ± 0 -  25 
Chem. assay (T) 3O5 1 	0 - 29 2 - 43 --1 	0- 21 14• F 0 . 29 

(3 -  09) (2 . 58) (F08) 

Phosalone Bio?.ssay (L) 2.91 ± 0-49 2 .  29 ± 0 . 26 1.80+ 0.15 
Chem. assay (L) 1.95 --E 0. 39 1 . 46 + 0.39 0-97 i-_ 0.39 

(2 -  43) (1 .87) (1•39) 

' 
Bioassay (T) 2 - 70 ± 0.14 2.35  1 0° 41 1 * 64  *.0'24 
Chem. assay m 2.65 + 0-73 1 5 1  ± 0 -  21 1 • 14 -€ 0.26 

(2- 67) (1 . 93) (i•39) 

Avon:weather conditions : 	Temp. °C : 	mr‘x. 	271, min. 11.9, R.R. 86.2, Rainfall 0 mm, Bale; 
NC average 	of birssay and chemical assay ; r al  Coefticnt of correlation, 	 . 
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' Pradesh 

intervals (days) 	
Time-deposit (td) 
regression equations 

7 
	

15 	 30 

040± 009 
0 . 28 ± 0.06 
(0•34) 

0.11 ± 0.05 
0 . 16 71- 010 
(0 - 14) 

0.04 A 002 
RDL 
(0.04) 

Y= 4 . 241-0 . 061x 	a 
Y = 4.184 - 0 . 075x 
(r =0 - 982) 

0 . 18 -1- 0 - 26 0 . 06 1 0 . 05 0-044 0.01 Y =-- 4.157 - 0 . 064x O.30: 	006 014 -I 0.08 BDL Y =4-178 - 0.077x 
(0 . 24) (0 . 10) (0 • 04) (r --as 0.988) 

0 . 36 ::: 	0 - 10 0 . 10 -1 0 . 04 0 . 03 ± 0 . 02 Y g-- 4.227 - 0.055x 
0 . 36 -1- 0.14 0 - 21 ± 0 . 16 0407 4: 0.11 Y.= 4 -297 - 0.053x 
(0 . 36) (0 • 15) (0.05) (r =-- 0.992) 

0-20 --;. 0 . 05 0 . 08 ± 0.01 0 . 04 ± 0.01 Y= 4 . 125 - 0.060x 
040 :..._ 0.14 019 :I: 0.03 0 - 07 -i-. 0 . 05 Yr-- 4.180 - 0•050x 
(0.30) (0.14) (0 . 05) (r = 0-994) 

0°36 --I 	0 . 05 0•11 1: 0 - 02 0 . 02 ± 0 . 0i. Y = 4-395 - 0077x 
BDL DDL BDL y =_.- 4-566 - 0-075x 
(0.36) (0 . 11) (0 . 02) (r tr- 0-999)** 

I 0 . 24 .2.- 0 . 05 0.11 ± 0 . 03 0.01 --I- 0.02 y = 4.335 - 0 . 079x 
/ 043 _7:: 0 . 05 HDL BDL Y = 4.460 -0-098x 
I (0 . 44) (0.11) (0.01) (r -ir--- 0.992) 

i 

0 - 55 1- 0.14 
BDL 
(0•55) 

0 . 12 4: 0.02 
BDL 
(0 . 12) 

BDL 
BDL 
(0) 

Y=. 4.470 -0.095x 
Y=4.511 - 0 . 150x 
(r t - 0•993)" 

O'35 -s 	0 . 06 0-10 - 1- 0.02 HAL Y =4.419 - 0.101x 	• 

Cl a 64  ---.: 0 . 14 BDL RM. Y ----- 4-438 - 0.141x 

(1.45) (0 -  IV) (0) (r = 0.995)* •  

IL 149 ± 0 -24 0.74 	0 . 05 :!: 0.45 ± 0.13 Y is 4.346 - 0.626x 

0 - 73 ± 0- 39 0 . 51 ± 0 . 18 0.26 ± 0-27 Y -----. 4 -  232 - 0.026x 

(0•91) (0.62) (0-36) (r r-  0.966) 

11•8± 0 . 83 0.70 ± 0.13 0-48 ± 0 -  19 Y :-t 4.3 1 2 - O•n24x 

inel ± 0.1 2  012 ± 0.21 0.30+0. 14 Y -sc. 4.213 - 0.029x 

(0.92) (4.61) . 	(I. 46) (r =.-r- G - 948) 

&low Dal ctablo Limits. 	Yr-- Log. vat I.) 	of risidvs, x = d sty of sam?ling, Figures in parvincse4 

(1) = Twigs, (14) Leaf, 	•• Significant at 1% level of sioificince. 
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FIG. I. Weather conditions during the experimental period. 

initial thpaiits or diazinon, fenitrothion and methyl-parathion were more on leaves 
than on twigs (Table II). Matathion gave almost similar initial deposits both on twigs 
and leaves while ph,salone deposits were slightly more on twigs than on leaves. The 
variations in the extent and the magnitude ofinitial deposits on two substrates, however, 
(Id not seem to be very significant. On the basis of variations in the initial deposits, 
amongst different insecticides, be it on leaves or twigs, it appeared that except for phosa- 
tole all th= four insecticides were identical in their comm :rcial formulations. From the 
data presented in Table ru, it is evid:nt that the deposits M all the insecticides were 
much in excess of the amounts determined for either tit,* intrinsic toxicity (LD) or 
of the minimum effective level ' (m.e.I., 1,D 90). Initial deposits of fenitrothion both 
on leaves as well as an twigs were maximum, i.e., 62 to 69 times more than what is 
actually required for LD90  values, followed by methyl-parathion (40 to 42 times) and 
diazinon (18 to 21 times), while malathion and phosalone were almost identical in this 
respect. When compared with the amounts required for LI3 50, similar trends were 
obierved. However, the margin between m.e.l. and intrinsic toxicity (expressed as 
ratios) was found to be maximum in diazinon followed by malathion and phosalene 
wh;ch provided equal margins between themselves, and then in methyl-parathion and the 
least in ftt•nitrothion. Thus, it can be said that the deposits of fenitrothion and methyl* 
parathion were maximum and their intrinsic toxicity was also more compared to the 
rest of the insecticides but the margin between intrinsic toxicity and m.e.l. was mini- 
mum, while reverse was true in diazinon followed by malathion and phosalone, 
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Table III 

Ex-tent and magnitude of insecticide deposits in relation to their toxicity 

Insecticide 	Initial 	No. of times initial 
(at 0 . 05'; conc) 	&resit 	deposit 

(isigfcml 	 ,  
LDeo 	Woe  

I. LEAVES 

Diazinon 	 3-47 	2167 	20.8 

Foritrothion 4.02 4$1-3 68-9 

Methyl-rarath ion 4.46 343-4 41.5 

Malathien 3.09 40 . 5 4.7 

Phosakme 2.43 18'8 2.2 

U. TWIGS 

Diazinon 3 . 06 1911 18.4 

Fcritrothion 3.59 403-3 61-6 

Methyl-parathion 4 . 25 327.1 39. 5 

Malathion 3.09 40 . 3 4.7 

Phosalonc 	 2* 67 	20.7 	2 . 4 

Malath;on proved to be the least persistent insecticide both or. leaves and twigs 
(Table /V) as evident from its half-

life values (2-6 days). Initial deposits of phosalone 
being m nimum in magnitude (2-43 to 2-67/2g/cm 2) proved to be highly persistent (12 
days), but its Nrsistence was of little use owing to its low intrinsic toxicity. Among 
moderately Nrsistent insxticides, fenitrothion provided 25 to 27 days protection from 
the attack of crawlers, followed by methyl-parathion (15 to 17 days) and diazinon (12 
to 13 days) to the leaves and twigs. Thus, it can be said that 1 or 2 sprays of fenitro- 
thion during autumn could satisfactorily prevent the third generation crawlers from 

settling or overwintering on apple plants. 
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Table W 

Threshold of toxic adios and biological performance of insecticide deposits to the crawlers 
of San Jose scale on apple • 

Insecticides 
(at 0 - 05% conc.) 

Derosits 
(pgic-nt9 
011 the 15th 
day following 
WraY 
(22.9-16) 
Table II 

Expected 	Initial 	Half** 
%kill* of 	deposit s • 	life 
crawlers 	(iAticn1 1) 	(days) 

Effective 
life** 
(days) 

Lea‘es 

Diazinos 0-14 87* 8 3'47 

Fcnitrothicn 41 - 15 97•3 402 

Mothyl-paratitior ell 89 - 9 4.46 

Malathioe 012 60.2 3 . 09 

Phov.lore 0- 62 82 . 4 2.43 

Twigs 

Diazinon 0.10 831 3.06 

Fenitro.thlon 014 96.9 3.59 

Methyl-parathion 0 . 11 89•9 4 - 25 

M.alathion 0-10 56 - 3 3-09 

Phosalore 	 0-61 	 821 	2.67 

* Vide regression equations of Table I. 

0  Average of trio ai d chemical assays. 

• 
• 
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Editor's Not. 

While recommending the paper for publication, one of the referees disagreed with 
the authors on the process of insecticide extraction. His ohservations are : Insecticide 
extraction and its loss during process will remain a constant factor for all the insecticides 
ineluded in trial, as different insecticides have different solubilities even in the same 
solvent ; slight difference in this will alter the results and finally the interpretation. 

The authors preferred publishing the following reply : It is known that insecticides 
from the treated leaves and twigs cannot he fully and completely removed by the 
solvent. Solubility of insecticides in solvents, clean-up procedures, method of analyses, 
sensitivity, etc., account for proper detection of the residues. In the present studies, 
specific solvent (Pet. ether 60-80'C for diazinon ; benzene for fenitrothion and methyl- 
parathion CCI4  for malathion and acetone for phosalone) as recommended for each 
insecticide and separate specific recommended methods of analysis were adopted for 
different insecticides. The percentage recovery determined for each insecticide sepa- 
rately was found satisfactory, and all calculations were based on this. By bioascay 
and specific colorimetric method, the estimations were quite satisfactory. 

With which view do our readers agree? 


