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Abstract 

In biological and chemical assessments of insecticide residues on cauliflower (Brassica oleracca var 
:botrytis or 'Snowball% quinalphos and malathion dissipated quickly, followed by fenitrothion ' while 
esdosulfan and phosalone were relatively vrsistent. Minimum effective level of quinalphos for the 
innate larvae was 34-4 to 36-0 times less than its initial deposit on leaves followed by fenitrothion 
(14.7 to l5.2 times), phosalone (7.5 to 8-8 times), endosulfan (6.5 to 7.2 times) and malathion 
(1.4 times). Phosalone provided maximum period of protection against the larvae (17 days), while 
fenitrothion, endosulfan and quinalphos for about 10 days. Malathion was not effective even for 

I full day (0.8 day). 

keywords: Endosulfan, fenitrothion, malathion, phosalonc, quinalphos, toxicity, persistence, residues, 
hula brassicae, cauliflower. 

L Introduction 

Assessment of toxicity of field-weatheted insecticide residues against an insect species 
L* a significant role in determining an effective, economical and environmentally 
ite pest management plogramme. In Himachal Piadesh, insect pests pose a 
trious problem in the production of quality seeds of late vaiieties of cauliflower. 
_70. 1igsi these, the cabbage butterfly Pieris brassicae L. is by far the most proble- 
:rile. Seed crop is affected by the pest dui ing Mai ch-Aptil, when sizeable number 

larvae cause damage by feeding on leaves, inflorescence and pods. To protect the 

?meat address : Sugarcane Research Station, Jullundur 144 001. 
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54 	 M. s. DUI-IRA AND S. F. HAMEED 

crop, farmers invariably resort to heavy application of insecticides in the 
arta  

endangers not only the bees and other beneficial insects but may pose unseen 4.111 
due to pollution of the environment. In the present investigations, efforts atb  
made to evaluate the residues of five promising and popular insecticide s, cheZ 
and biologically, on the crop along with their effectiveness against the cabbag e  b7itter; 
larvae, so that the selection and application of pesticides could be made j udidot; 

2. Materials and methods 

Cauliflower seed crop using the seedlings of late variety, 'Snowball selection-It p (  
raised at the College farm in two seasons according to the recommended agro nl or, 
practices. The first crop was planted on October 14, 1978, and the stm t  
October, 16, 1979. The entire experiment was laid out in a randomised block (1St - 
and the treatments, including control, were replicated thrice in 10 x 5m plots gr .#. 
rated from each other by 1 m broad buffer zone. Commercial formulations oft*. 
sulfan, fenitrothion, malathion, phosalone and quinalphos at 0 . 05% coneentrari 
were sprayed to 'just run-off' stage with Maruti ' foot sprayer. In case of ik 
first crop, the sprayings were carried out on February 22 and March 8, 1979ando 
the second, on February 23 and March 8, 1980. 

Random samples of cauliflower leaves (about 1 .5 kg) from 25 different plants Om 

middle and upper portions of individual plant) raised in the field were collected 
0 (2 hr), 1, 3, 5, 7 and 14 days after the first spray, and then at 0, 1, 3, 5,7,.! 4  

and 30 days after the second spray in both the seasons. Samples of each replica* 
ni a treatment were chnnneci and miyni heft-ire takina a representative salm It 

50 gm for analysis. 

Petroleum ether (bp 60-80° C) and acetone were used in the ratio of 7:3  k 

solvent for all the insecticide extractions. The extraction from samples was dr ,  

on the same day as received, so as to prevent losses during storage. The illeth
4. 6  

extraction described by Hameed and Allen' was followed with slight modifion 

The extracts were analysed by bioassay using Drosophila melanogaster Meig. 

the method of Kavadia and Rattan La1 2. The results were verified by gas  'II 
chromatography using Toshniwal model RL 04/01A equipped with elect-will; 
detector and tritium source. Glass column (0.6 cm internal dia and 1' 21° 1°n- 591 ;  
fitted with Supersarb ' coated with 2% silicon and 0V-17 (liquid 
methyl-50% phenyl silicon) conditioned at a maximum temperature of 3 40  ;so  

Ph3se;,, 

column was later conditioned at 250° C overnight having 100 mlinlin 01: 11‘1 010 
rate. Detector temperature (200 0  C) and carrier gas-flow rate (60 1111111uni  Y tis 
constant for all the insecticides, while column temperature r 0 a nd , i,ectegfintid24 fa 
(seconds) were 150 and 15, 120 and 15,120 and 21, 145 and 24, and i" c iy, 
endosulfan, fenitrothion, malathion, phosalone and quinalphos resPectiv 
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was supplied to 10 mV recorder with a pen response of 1 . 5 seconds. 
r 

najtecto 
Signal  

 tifioatiOri 
was based upon peak heights. The comparison was made with standaid 

ens 
 btained from technical grades of insecticides. Satisfactory recovery (86.60 

11441

L 

	0  m 	0  f 
insecticides was obtained by both the methods. 

90.5)h)  

J n a  separate experiment, intrinsic toxicity of the deposits of insecticides to the 

neonate larvae 
was determined by laboratory bioassay, and the actual amounts of 

insecticides in the deposits so formed from their commercial formulations, giving the 

(lsted toxicity, was determined by chemical (GLC) and bioassay methods. Half-life 

valu
es were determined on the basis of the formula of Hoskins 3  while effective life 

taken  graphically from the values of LD 90  on Y-axis corresponding to the time of X-axis. 
Toxicity of field-weathered deposits of all the insecticides was obtained by ieleasing 20 
neonate larvae of cabbage butterfly in petri plates (5 cm dia) on each of the treated 

f and control kaves following 0, 1, 3, 5, 7, 14, 21 and 30 days after the second spray. 
Such pad plates were then transferred to an incubator at 26 ± 1 °  C. After 24 hours, 
mortality counts were recorded. 

3. Results and discussion 

Results on residue estimations are given in Table I. There seemed no significant 
difference in the magnitude of initial residues among different insecticides. What- 
ever little difference noticed could be attributed to the differences in the formulations of 
these products. However, when the deposits following second sprays were deter- 
mined, phosalone and endosulfan resulted in relatively high figures than the other 

. three insecticides since they did not dissipate as much as the other treatments before 
sampled for analyses (see figures on 14th day). The rate of dissipation seemed faster 
'fl ifialathion and quinalphos than fenitrothion, and slower in endosulfan and phosalone. 
W.  eather condition during the experimental periods did not ;eyed any significant 

f impact on the persistence or dissipation of residues by its different components, as no 
de.finue relationship could be established. Half-life (Table III) of phosalone was the 
highest (6-8 days) in both the seasons, followed by endosulfan (4-6 days) and almost 
:nit  (2-3 days) in fenitrothion, malathion and quinalphos. These findings approxi- 

lY agree with the results of Sachan and Srivastava'', Singh and Kalra 5, and 
}lamed et a?. 

r Laboratory bioassay of the toxicity of fresh deposits to the neonate larvae of P. bras- 
ve  revealed (Table II) that quinalPhos, fenitrothion, phosalone and endosulfan tt  

of th,,res+Pee.twelY 18, 11.7, 4 . 9 and 3-7 times more toxic than malathion. A compailson of 	
A 

gatTi  tOXicity wis
L
, • 

Initial deposits of insecticides, however, revealed that in the case 
61.64 a  ta. IPhos the amount of initial deposit formed under field condition was nearly 
eithe  Inles more than the amount which is required to cause at least 50% mortality 

I 	
-..."' times 

because of its high intrinsic toxicity. Similarly, the initial deposits of 
on were 37 1R 

	

- . 	mes/ Phosalone 16-19 times, endosulfan 12-14 times and 



Table f 
Insecticide residues on cauliflo wer leaves at varying intervals following first and second sprays during 1979 and 1980 	teg: 

Insecticide (0.05%) 
concentration 

Year Spray* Residues (ppm) on thc following days after spray** 

0 1 3 5 7 14 21 30 

3.6 ••• ••• Endosulfan 1979 I 38.9 29.0 22.1 13-8 8-2 

11 42.1 32.7 22.5 13.7 7.9 3.1 ••• 01 

(100) (100) (100) (100) (98) (42) ((6) (0) 

1980 I 37.9 31.4 17.8 13.9 8.1 3.6 ••• ••• 

II 41.3 33.6 18.8 14.1 8.0 3.5 ••• 0-9 

(100) (100) (100) (100) (99) (41) (13) (0) 

Fenitrothion 1979 1 35.6 25.6 13.7 6.8 4-5 1-3 ••• 1•• 

II 35.6 25-0 12.7 6.6 3.8 1.4 ••• BDL 5n 

(100) (100) (100) (99) (76) (46) (16) (0) C 
C 

1980 I 34-5 25-8 13.0 6.9 4.7 1-3 ••• ••• 53 
> 

II 35.6 24.6 13.1 6.5 4.3 1.1 ••• BDL 
(100) (100) (100) (95) (69) (41) (18) kO) 

> 

Malathion 1979 1 38.8 25.7 17.5 9.7 3.7 1•1 ••• ••• 
t7 

Y1   
II 39•4 25.0 16.1 8-9 3.4 0.8 ..• BDL larr 

(94) (90) (80) (71) (29) (0) (0) (0) 

1980 1 
El 

38.2 
39.7 

24.7 
24.6 

16.7 
16.8 

10.2 
9.5 

4.2 
3.9 

1•3 
0-9 

••• 
••• 

••• 
BDL 

5-4 
Z t.-P 

(95) (85) (78) (65) (26) (0) (0) (0) 
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oaring 1979 1st spray : 22 February and 2nd spray 	yvturetl. During 1980 1st spray : 23 February and 2nd spray 	March. 
•• Average of bioassay and OW of 3 replications each. Figures in parentheses: Corrected % kill of the larvae following 2nd sprayings 

only and or 5 replications cacti. 131.3L, below detectable limit. 

Weather during the experimental periods 

Year 	 Spray 
	Temperature° C 

	
Relative humidity (%) 	Rainfall 

(ram) 
Maximum 
	 Minimum 	 Range 	Mean 

Range Mean Range Mean •-i a 

1979 1 12.2-22.8 17.5 0.0-5•5 2.1 41-92 71.9 48•7 
If 13.3-28.0 22.4 0.0-10.3 5 . 7 42-94 60.3 78.3 

1980 1 15.5-31-1 19.6 0.0-10.0 4.7 23-93 56.9 21.4 
II 11.1-29-2 22.0 0-0-14.4 6.4 29-93 57.0 45.5 



Malathion 

Phosalone 

Fenitrothion 

Endosulfan 

1st 
spray 

a.. 

Quinalphos 

1 	36131 
2 	16.58 
3 	7. 56 
4 	(1 : 2.2) 
1 	38.592 
2 	64-10 
3 	35-80 
4 	(1 :1.8) 

43.078 	36.600 	42.363 	2.221 	3.8 	4.9 	4-873 
1948. 	16.48 	19•07 	(2 • 1-2.4) 	 (4.1-5.7) 
8.84 	7.51 	8.69 

38•830 	37.090 	37.871 	0.602 	5-1 	18.0 	1.078 
64.50 	61-61 	62-90 	(0.5-0-7) 	 (3.9-1.2) 
36•02 	34.41 	35-13 

..,-• 	S. . 	_.. 	 • 

1 
2 

35.600 
38-23 

3 15.14 
4 (1 :25) 
1 38.825 
2 3.57 
3 1.40 
4 (1 :2'6) 

2 	13.15 
3 6.69 
4 	(1:2) 

1 	38.908 

1979 1980 

1st 
spray 

-------- 
2nd 
spray 

LDbo  (ppm) 
(Fiducial 
(limits) 

Slope Relative 
toxicity 

LD90 (1)Pm) 
(Fiducial 
limits) 

---- 
2nd 
spray 

42-078 37.870 41.260 2.958 4.4 3.7 5.815 
14.23 12.80 13.95 (21-3.1) (5.2-6.7) 
7.24 6.51 7-10 

35.633 34-533 35.633 0.931 3.2 11.7 2.351 
38.27 37.09 38.27 (0-8-1.0) (1.9-2.8) 
15-16 14.69 15.16 

39.385 38.190 39.676 10.870 3.2 1-0 27.730 
3.62 3-51 3.65 (9.9-11.8) (22.8-33-7) 
1.42 1.38 1.43 

Table II 
	 00 

Intrinsic toxicity in relation to initial deposits of insecticides 

Insecticides 
	

Initial deposits (ppm) 
	 Toxicity of insecticides* to the neonate larvae of 

P. brassicae 
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Table Ill 
and effective lives of insecticides against P. brassicae 

persistence 

Insecticide 
	1 979 
	 1980 

Half-life (days) 	Effective life (days) Half life (days) 	Effective life (days) 

1st 	2nd 	1st 	2nd 	1st 	2nd 	1st 	2nd 
spray 	spray 	spray 	spray 	spray 	spray 	spray 	spray 

Endosulfan 	4.02 5.36 10.25 10.95 4.10 5. 70 10.10 11-15 

Fenitrothion 	2.95 3. 01 10•50 10•25 2.95 2. 80 10.40 10. 00 

malathion 	2.69 1 • 59 O. 85 0.90 2•86 2'56 0. 70 0. 95 

Phosalone 6.70 6.26 17.60 17.45 6'34 7'60 18.20 18- 75 

Quinalphos 2-29 2- 03 1l'20 10. 30 2. 55 2- 38 12.40 11'70 

malathion about 3.5 times and therefore, a generalization can be made that if the 
insecticide is toxic the margin would be higher between toxicity and initial deposit (provi- 
ded initial deposit remains constant). A further extension of this idea gave more logical 
answer to the problem. Since LD 50  values are only an index of intrinsic toxicity, it is 
of little utility as a guide to likely field pet formance, for which purpose LD 95  would 
Ina more appropriate value. However, because cf the inherent difficulties in obtaining 
precision at high mortality levels, LD 90  termed as minimum effective level' (m.e.I.) 
is taken as a more reliable guide. On the basis of initial deposits of chemicals and 
their Inas' these could, therefore, be classified into three categoties : 

Category 	 insecticide 

First 

Initial deposit more than 10 times of m.e.l. 	 Quinlaphos 
Fenitrothion 

.Second 

Initial deposit 5 to 10 time of m.e.l. Phosa lone 
Endosulfan 

Third 

Initial deposit less 
than 5 times of me.!. 	 Malathion 
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mum effective level of residues. 

Cern°  
lit; uctia (lame 11) suggest that quinalphos and fenitrothion ha ve c itope 0 

margin to be effective against the pest. This margin is moderate in Ph°5`,, i  
i n  the ca v  se  , endosulfan but is extremely low in malathion. Since the marein 

phos is appreciably higher as enmnnveri tn nt hAr incprtirides. even the 1°vIel  

-rt.,. 	- A _ 	r 	, 
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Intrinsic toxicity of a chemical and its initial deposits, however, are 
ot . guide to its performance, since the order of biological activity may Change  

due to differences in persistence of the deposits'. Insecticides with low ini rinsic ,11.4  
but with long residual effect may prove better for a particular p est 
situations than those possessing high intrinsic toxicity which dissipate qui:lit  

A knowledge of the contributions made by intrinsic toxicity of the initial d 
an insecticide and its persistence is obviously considered desirable for deciding iis 4 " 
for achieving an effective control of the pest. The 1.,Dr0  value is the lowest fix; 
phos (0.602 ppm) and the highest for malathion (10.87 ppm). On the basis of lle  
and LD90  there is no difference in the ranking order of insecticide, viz., qui nalpho : 
fenitrothion > phosalone > endosulfan > malathion. When toxicity Ontly a.  
persistence of chemicals are studied together a term what is known as 'effectilti 
or period of protection could be easily derived. This value gives a conectidu 
to what extent or period the residues on the substrate would afford at least IS' 
protection from the pest infestation. On this basis, hypothesis so formed cooilit 
made more realistic. Quinalphos is inherently more toxic chemical to the wit 
butterfly larvae than phosalone but its half-life is about three times less. andl 
effective life is also about one and a half-times less than that of phosalone GAS 
On this ground, phosalone proves to be a better compound than others and pis 
protection up to 17 days, while quinalphos, fenitrothion and endosulfan afford abit 
10-12 days of protection. Phosalone thus, shifted its Dosition from third toe: 
Despite the half-life of quinalphos and fenitrothion being shorter (2-3 days) Maim 
sultan (4- 7 days), their high intrinsic toxicity gave protection equal to endosik 
By going through the observations critically, it may, therefore, be concluded Sok 
parameter of effective life gises more realistic pictute of its biological effective - 

under field conditions than any other value. On this account' quinalphos,endosi b  

and fenitrothion are at par with each other, while malathion cannot be coodn' 
effective as its protection period is very little (0'85 days). 

Results of the chemical and biological assessments of the residues on the lent ' 
different intervals throughout the first month period following second spraYsan blesei. 
also shown graphically in figs. 1 and 2. Positive correlation is observed between': 
lity of the larvae and residues of insecticides. When the insecticide residues cross".; 
mortality also decreases. Fourteen day-old residues did not cause anY to tall aa1).. 
malathion, but phosalone recorded the highest mortality (61%). Phosalone 

biologically active up to 30 days, while endosulfan and fenitrothion gave *no 
only up to 21 days. Planes and Rivera 8  obtained promising results with ph°70101 

 rot 

releasing the larvae on treated leaves of cabbage, while on cauliflower , A  
Singh° recorded 52-5% mortality with 0-07% spray in field trials. 
observed promising results with phosalone, endosulfan and fenitrothion ° 
cabbage leaves by conventional methods. 	

Rivera egralo 
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