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{bstract

I biological and chemical assessments of insccticide residucs on cauliflower (Brassica oleracea var

* fatrytis cv * Snowbali’), quinalphos and malathion dissipated quickly, followed by fenitrothion’ while
mdosulfan and phosalone were relatively persistent. Minimum efiective level of quinalphos for the
" wonate larvae was 34-4 to 36-0 times less than its initial depesit on leaves followed by fenitrothion

147 to 15:2 times), phosalone (7-5 to 8-8 times), cndosulfan (6-5 to 7-2 times) and malathion
(I'4 times). Phosalone provided maximum period of protection against the larvae (17 days), while
fmitrothion, endosulfan and quinalphos for about 10 days. Malathion was not effective even for

full day (0-8 day).

Keywords: Endosulfan, fenitrothion, malathion, phosalonc, quinalphos, toxicity, persistence, residues,
Peris brassicae, cauliflower.

L Introduction

:;S::s?n} of toxicity Oi: ficld-weatheied insecticide residues ftgainst an insect species
fafe pc;lgmﬁcaﬂt role in determining an cffective, economical and enwronmenlall?
Rlious pmg"-‘[anag?mem programme, In Himachal Piadesh, .m::;cct pests .posc‘d_

ongst the:m In the production of quality seeds of lat.e vaiictics of cauhﬂox;tl.r.
Wlic. Seed . th? cabbage butterfly Picris brassicae L. is by far the most pro bc—
of Taryae crop is affected by the pest during Maich-April, when sizcable number
| cause damage by feeding on leaves, inflorescence and pods. To protect the
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crop, farmers invariably resort to hcavy application of insecticides i the
endangers not only the bees and other beneficial insects but May pose yy e,
due to pollution of the environment. In the present investigatione P
madc to evaluate the residues of five promising and popular insectic;
and biologically, on the crop along with their effectiveness against

larvae, so that the selection and application of pesticides could

d: 'Eﬂ.ﬁm n;f;
€5, ChE Lo
the cabbag b?:[;
be made Jug nﬂﬂq

o

2. Materials and methods

Caulifiower seed crop using the seedlings of late variety, ¢ Snowball selection-|’ .,
raised at the College farm in two seasons according to the recommended 3Efﬂ;mn
practices. The first crop was planted on October 14, 1978, and the seoy .
October, 16, 1979. The entire experiment was laid out in a randomised block g
and the treatments, including control, were replicated thrice in 10 X 5m plok gy
rated from each other by 1 m broad buffer zone. Commercial formulations of e
sulfan, fenitrothion, malathion, phosalone and quinalphos at 0-059% conceniiy
were sprayed to ‘just run-off’ stage with ¢ Maruti* foot sprayer. In case of &

first crop, the sprayings were carried out on February 22 and March 8, 1979 ae
the second, on February 23 and March 8, 1980.

Random samples of cauliffower leaves (about 1-5 kg) from 25 different plaats (ow.
middle and upper portions of individual plant) raised in the field were collett
0 (hr), 1, 3, 5, 7 and 14 days after the first spiay, and then at 0, 1, 3, Siy*
and 30 days after the second spray in both the seasons. Samples of each replicant

of a treatment were chopped and mixed before taking a representative sampk ¢
50 gm for analysis.

. : 34

Petroleum ether (bp 60-80°C) and acctonc were used in the ratio of 7-10‘

solvent for all the insecticide extractions. The extraction from samples "’T oy
on the same day as reccived, so as to prevent losses during storage. The ™

extraction described by Hameed and Allen! was followed with slight modifics®

The extracts were analysed by bioassay using Drosophila melanogasier Meig tqi
the method of Kavadia and Rattan Lal®. The results were verified O gf_mpnﬁ‘
chromatography using Toshniwal model RL 04/01A equipped with e[ectrﬂloug]#
detector and tritium source. Glass column (0+6 cm internel dia :md‘ -2 'y
fitted with *Supersorb’ coated with 2% silicon and OV-17 (liquid phase;(' B
methyl-50 97 phenyl silicon) conditioned at a2 maximum temperaturé ol ¥’
column was later conditioned at 250° C overnight having 100 ml/min Oli )r;' o
rate. Detector temperature (200°C) and carrier gas-flow rate (60 ] mltn n;ion“"
constant for all the insecticides, while column temperature ( C) and Iecﬂd Ui
(seconds) were 150 and 15, 120 and 15, 120 and 21, 145 and 24 and 145134:1!-
endosulfan, fenitrothion, malathion, phosalone and quinalphos respect
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. nal Was supplied to 10 mV_ recorder with a pen response of 1°5 seconds.
dctect?f SIg e hased upon peak helghts._ The comparison was made with standaid
Quanuﬁcauqned from technical grades of insecticides. Satisfactory recovery (86-60

9;5;;2/{5;1 of insecticides was obtained by both the methods.
o N7/

ate experiment, intrinsic toxicity of ' the deposits of insecticides {o the
was determined by laboratory bioassay, and the actual amounts of
the deposits SO formed from their commercial formulations, giving the

o toxicity, was determined by chemical (GLC) and bioassay methods. Half.Jife
= were determined on the basis of the formula of Hoskins® while effective life
‘:lk:fg,aphica”y from the values of LDge on Y_-axis corresponding to the time of X-axis.
f[axicity of field-weathered deposits of all th‘c insecticides was obtained by 1eleasing 20
geonate larvae of cabbage butterfly in petri plates (5 cm dia) on ea2ch of the treated
od control leaves following 0, 1,3 5 7; 14, ?1 and 30 days after the second spray.
Such petri plates were then transferred to an i1ncubator at 26 + 1°C. After 24 hours,
gortality counts were recordad.

geonate 1arvae
jpsecticides 10

3. Results and discussion

Results on residue estimations are given in Table I. There seemed no significant
difcrence in the magnitude of initial residues among different insecticides. What-

et little difference noticed could be attributed to the differences 1n the formulations of

tese products. However, when the deposits fellowing second sprays wers deteg-
mnd, phosalone and endosulfan resulted in relatively high figures than the other

tiree Insecticides since they did not dissipate as much as the other treatments before

Smpled for analyses (see figures on 14th day). The rate of dissipation scemed faster

|

n malathion and quinalphos than fenitrothion, and slower in endosulfan and phosalone.
Weather condition during the experimental periods did not 1cveel any significant

itpam on the persistence or dissipation of residues by its differcnt components, as no

hiﬁn,ite elationship could be established. Half-life (Table 111) of phosalonc was the

Bt (68 days) in both the seasons, followed by endosulfan (4-6 days) and almost
Wl (23 days) in fenitrothion, malathion and quinalphos. These findings approxi-

1 cly agree with the results of Sachan and Siivastaval, Singh and Kalra®, and
Hameeq el afé.

-hbf;:e‘::lf bioassay of the toxicity of fresh deposits to the neonate larvac of P. bras-
'tremmsd (Table 1) that quinalphos, fenitrothion, phosalone and endosulfan
toxicl'my .18’ “ 7,49 and 3-7 times more toxic than malathion. A comparison
q“inalphlty With initial deposits of insecticides, however, revealed .t1_1at in the caie
bl-g4 ﬁrnesos the amount of injtial deposit formed under ficld condltlonﬂwas nearly
o the peg b?cow than the amount which is required to cause at least | g mo*_rtahty
’Eﬂhmtbj{) ause of its high intrinsic toxicity. Similarly, the initial deposits of
" Were 3738 times, phosalone 16-19 times, endosulfan 12-14 times and



Table |
Insecticide residues on cauliflower leaves at varying intervals following first and sccond sprays during 1979 and 1980

W

Insecticide (0-05 75 Year Spray* Residues {(ppm) on the following days after spray**
concentration -
0 ] 3 5 - 14 21 _ 30
Endosulfan 1979 [ 38-9 29-0 2271 13-8 8-2 3:6
L 421 323 22'5 13:7 79 3-1 0-8
(100) (100) (100) (100) (98) (42) (16) (0)
1980 I 37-9 314 17:8 13-9 81 36
I 41-3 33:6 18-8 141 80 35 0-9
(100) (100) (100) (100) (59) (41) (13) (0)
Fenitrothion 1979 I 35:6 256G 137 6-8 43 -3
[l 35-6 25-0 12:7 6:6 3-8 14 BDL
(100) (100) (100) (99) (76) (46) (16) (O)
1980 I 34-5 25-8 130 69 4-7 13
Il 35-6 24:6 13-1 65 4-3 141 BDL
(100) (100) (100) (95) (69) (41) (18) \0)
Malathion 1979 | 38-8 25-7 17-5 9-7 3:7 1-1
11 39-4 25-0 16-1 8-G 3:4 0-8 BDL
(94) (90) (80) (71 (29) (0) (0) 0)
1980 1 38-2 o Sl 16-7 10:2 4-2 1+3
I 39-7 24:6 168 9.5 3-9 0-9 BDL
(95) (85) (78) (65) (26) (0) (0) (0)
Whini 2t cpon f4l4 ) M b 249 | 196 162 e | 80
i KN iy 7 il Y B4 63 7-6 1-3
fHintg {11 (14101) ({E181) (Uk) {71) (6-4) (12)
I ysiy | e N U " A (/1 i1 n /N
i AL-4 12 3 13-4 R 12-0 758 40/
£10n) (100) (100) LHO0) (1) (7.0 (rel) (1¥)
Ouinniphaos 1979 i AR O 2% 6 i2-7 R-H iy 9
i IH-R 240 ::“H l:.;:’ :.;_:‘ :l'-{.,'l, ol {t:: L

F -8 = e T
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e Puring 1979 Ist .sprn_v + 22 FFebruary and 2nd spray @ B N_turuh. During 1980 1st spray : 23 Fgebruary and 2nd spray : 8 WMarch.
e* Average of bioassay and GLC of 3 replications each, Jigures in parcntheses ;1 Corrected 9 kill of the larvae following 2nd spravings

only and of 5 replications cach. BI2L, below detectable limit,

Weather during the cxpcrimental periods

e e —— e — e e — — ——— e = R e
Year Spray Temperature® C Relative humidity (24) Rainfall

3 - 3 (mm)

Maximum Minimum Range Mean

Range Mcan Range Mcan

1979 I 12:2-22-8 17-5 0-0-5-5 21 41-92 719 48-7
1 13:3-28:0 22-4 0:-0-10-3 57 42-94 60-3 78-3
1980 I 15-5-31+1 19-6 0-0-10-0 4-7 23-93 569 214
Il 11:1-29-2 22:0 0-0-14-4 64 29-93 57-0 45-5
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Table II

Intrinsic toxicity in relation to initial deposits of insecticides

____—____—_*—-‘”‘__—____'_-—

Toxicity of insecticides* to the neonate larvae of

Insecticides Initia] deposits (ppm)
P. brassicae
1979 1980
—_ e -=—=— LDy (ppm) Slope Relative LDgo (ppm)
Ist 2nd Ist 2nd (Fiducial toxicity (Fiducial
spray spray spray spray (limits) limits)
Endosulfan 1 38-908 42-078 37-870 41-260 2-958 4-4 3-7 5-815
2 =1 14-23 12-80 13-95 (2:8-3-1) (5:2-6°7)
3 669 7-24 6- 31 7-10
4 (1:2)
Fenitrothion 1 35600 35-633 34-533 35-633 0-931 32 1147 2- 351
2 38-23 38-27 37:09 38-27 (0-8-1:0) (1-9-2:8)
3 15-14 15-16 14-69 15:16
4 (1:2°35)
Malathion 1 38-825 39-385 38190 39:676 10- 870 32 1-0 27-730
2 3957 3:62 3-51 3:-65 (9:9-11-8) (22-8-33-7)
3 1:40 1-42 1-38 1-43
4 (1:2:6)
Phosalone 1 36-831 43-078 36+ 600 42363 2:221 3-8 4-9 4-873
2 16-58 19-48 16-48 19-07 (2:1-2+4) (4-1-5:7)
3 17:56 8- 84 7-51 8:69
4 (1:2:2)
Quinalphos | 38-592 38-830 37-090 37-871 0-602 3=1 18-0 1-078
2 64-10 64+ 50 61-61 62-90 (0-5-0-7) (0-9-1-2)
3  35-80 36- 02 34-4} 35-13
4

(1 :1-8)

!
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Tab'e In " " _w .
— and effective lives of insecticides against P. prassicae
Persist¢

/’—-———_‘——_'———"‘\___

geecticide 197 ~ _1930

_!:lalf—-lifc (dﬂ}"f) Effective life (days) Half life (days) Effective life (days) )

A

;t 2nd Ist 2nd Ist 2nd Ist 2nd o

spray spray spray spray spray spray spray spray
-
Endosulfan 402 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+ 09 1-59 0-85 0-90 2-86 2:56 0-70 0-95
Phosalone 670 6°26 17- 60 17-45 6-34 7-60 18-20 18-75
Quinalphos  2+29 2:03 11-20 1030 255 2-38 12-40 11-70

malathion about 35 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, values are only an index of intrinsic toxicity, it is
of little utility as a guide to likely field peiformance, for which purpose LDy; would
b2 a more appropriate value. However, because cf the inherent difficulties in obtaining
precision at high mortality levels, LDy, termed as ‘minimum effective level’ (m.e.l)
E{aken as 2 more reliable guide. On the basis of initizl deposits of chemicals and
eir mels® these could, therefcre, be classified into three categoiies :

\_ﬁ___-—_—___—_——________—______

EMeggry Insecticide

First - | -
Initia] deposit more than 10 times of m.e.l. ?:L’ﬂ?ft}ﬁ?gn
-Secong

ttial deposit § 1 10 time of m.e.l Epggiﬁ?:“

Init; .
@l deposit less t Malathion

_\han 5 times of m.e.l.
-__——___——__-—-_—_—_—___.
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Fig, 1. Persistenve as measured biologically and chemically (upper and lower graph® rcs::ﬂ’.'

insecticdes in 1979, Horizontal lines are shown at 90% mortality of P. BRASSICA

mum effective level of residues.

i
. . . Ve Cﬂmf 3
The data (Table II) suggest that quinalphos and fenitrothion ha osal"“t'ﬁ

margin to be effective against the pest. This margin is moderate in P ase Of
cndos‘ulfan but_ is extremely low in malathion. Since the margin In the cl o gt
Phos is appreciably higher as compared to other insecticides, even the
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Intrinsic toxicity of a chemical and its initial dcposits, howeve
guide to its performance, since the order of biological activity m
due to diffcrences in persistence of the deposits?. Insecticides with
but with long residual effect may prove better for a particy
situations than those possessing high intrinsic toxicity which

dy Change ::?'

low inlrinsic 2

laT pest ;
i n

A knowledge of the contributions made by intrinsic toxicity of the
an insecticide and its persistence is obviously considered desirable for deciding i,
c s - . B
for achieving an effective control of the pest. The LD, value is the lowest for g
phos (0:602 ppm) and the highest for malathion (10-87 ppm). On the bagi ;’&
and LDy, there is no difference in the ranking order of insecticide, iz, ql'ina!ph;:
fenitrothion > phosalone > endosulfan > malathion. When toxicity (m.e.t];;
persistence of chemicals are studied together a term what is known as ‘effectin
or period of protection could be easily derived. This value gives a comet ey
to what extent or period the residues on the substrate would afford at e g
protection from the psst infestation. On thus basis, hypothesis so formed cos
made more realistic. Quinalphos s inherently more toxic chemical to the e
butterfly larvae than phosalone but its bhalf-life is about three times less, a7
effective life is also about one and a half-times less than that of phosalone (Tabkd
On this ground, phosalone proves to be a better compound than others and pm
protection up to 17 days, while quinalphos, fenitrothion and endosulfan afford
10-12 days of protection. Phosalone thus, shifted its position from thid to#
Despite the half-life of quinalphos and fenitrothion being shorter (2-3 days) thane
sulfan (4-7 days), their high intrinsic toxicity gave pretection equal to endosulie
By going through the observations critically, it may, therefore, be concluded IW‘
parameter of effective life gives more realistic pictuie of its biological effectrs:
under field conditions than any other value. On this account’ quinalphos, eﬂdof“ﬁ'
and fenitrothion are at par with each other, while malathion cannot be cons
effective as its protection period is very little (0" 85 days).

inillal depﬁ‘j; .

Results of the chemical and biological assessments of the residues on the "’“‘;r:
different intervals throughout the first month period following second sprays (Tabk
also shown graphically in figs. 1 and 2. Positive correlation is observed bet¥eet §
lity of the larvae and residues of insecticides. When the insecticide residues ™ -
mortality also decreases. Fourteen day-old residues did not cause 2ny m"“e o
malathion, but phosalone recorded the highest mortality (61 %)- Phosalon¢ ;w .
biologically active up to 30 days, while endosulfan and fenitrothion ga*-’fdm
only up to 21 days. Planes and Rivera® obtained promising results with pho T
releasing the larvae on treated leaves of cabbage, while on caulifloweh e
Singh® recorded 52-5% mortality with 0-07% spray in field trials. RV
observed promising results with phosalone, endosulfan and fenitrothio °
cabbage leaves by conventional methods.
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