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INTRODUCTION i- L

Banana, (Musa paradisiaca L.)fis one of the

important fruit crops cultivated ex?enéively in the tropics,
Its original hcome is believed to be India, but is now a
widély cultivated, highly commefcial'crop in many countries,
including Ecquador, Honduras, Panama, Columbia, Costa

Rica, Jamaica, Mexico, Hawaii, Fiji, Srilanka, India

ané sévnral other Far Easternlcdunt;ies (Magee, 1927,
Wardlaw, 1972)., In India banana is?cultivated in over

two laxh hectaresz, mostly in the Southern States. In
Kerala it is an essential daily requirement as a vegetable

-

and as a frulii,

0f the dlseases affecting the platt, the virus
disease, bunchy topn is the most serious one. It is
. i : - -

widespraad ia al the banana growing tracts of the worl

except the western hemisphere (Wardlaw, 1972). The

Fh

disease‘was ‘irst racorded in 1879 from.Fiji'and in India
froﬁ Kerala in 1940;\ It had la£er épread to Tamil Nadu,
Kérﬁataka, Andhra Pradesh, Maharastra, Oriséa, Assanm,
West Bengal, Bihar‘and other Statesh(Randéswamy, 1972) .

The virus is transmitted solely by an insect vector,

Pentalonia nigronervosa Cog. (Magee, 1927, Kolkaila and
0 R . . . | . T .

Soliman, 1954, Wardlaw, 1961, Stover 1972).
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Bunchy top disease has the potential to wipe out
banana cultivation. 1In Aﬁstralia banana industry
suffered heavily due to the out break of the disease
during 1920-'27. In India banana cultivation was

completely wiped out from Palani hills in Tamil Nadu due

" to the spread of the disease. Banana aphid, E, nigronervosa
acquires the virus with a minimulm of 17 hours of

continuoUs feeding on the infected plants. The incubation
period varies from 90 minutes to 48 hours and the aphids.
remain infective for 13 days (Ranggswamy, 1872). The
only method for limiting the havoc caused by the disease
i1s by the control of the veétor in the field. Spraying
of monocrotophos @ 0.05 per cent at monthly intervals

had been recommended by Regupathy et al., (1983), But

the increased incidence of the disease necessiated more
frequent sprayings which rendered the technology

economically nonviable,

Experiments conducted earlier at the College of

. Agriculture, Vellayaﬁi, Trivandrum had revealed that the
susceptibility of tﬁe Crop %as greater during the'early
stages which resulted in thé death of the plant while in
the laﬁzér stages the crop was more tolerant to the
disease (ancn. . 1973),. Application of phorate @ 1.25

g ai/vlant at :che time of planting controlled the aphid



upto 60 days after treatment (Nair et al., 1973). 3'
Later studies showed that the application of phorate @ :
2,50 g ai/plant each.at thelbase at planting and then .
at 75 and 165 dav:; after planting.gave adequate controlx
of the vactor and the incidgnce of.bunchy top disease

in banana. This method is Eeing extensively practiced '

for containing the disease in Kerala.

Application of granulér insecticides though relatively
less hazardous than sprays, ‘their repeated application
may cause persistent adverse effects in the soil environ-

ment and leave undesirable residues in the plant and bunches,

The absorption, translocation and metabolism in
different plants have been studied earlier (Bowman and
Casida, 1957, Metcalf et al., 1957, Getzin and Chapman
1960, Lichtesstein et al., 1974). Its persistence and .
metatolism iﬁ soil also have been reported (Getzin and
Chapman, 1960, Getzin and Shanké, 1970, Menzer et al., i970,
Suett, 1971, Lichtenstein et al., 1973, Waller and
Dahm, 1973, Harris and Chaéman, 1980 and Chapman et al., -

1982) e ;i

Eventhough many insecﬁicides are known to have
little effect on soil micro organisms under certain conditions

some of the chemicals may reduce microbial growth rate,



reproduction and basic activity in metabélism (Tu and

Miles, 1975). At recommended field doses insecticides

may not cause significant reduction in the indigenous
microbial activity that is iﬁportant to soil fertility.

But cumulative effect may be depressive., Certain

microbes gec adopted to the insecticides and they reéch

high numbers utilizing the dead_cells of the organisms

killed by the chemicals (Tu and Miles, 1975, Walter-—

Echols and Lichtenstein, 1977)., These aspects relating to

the long term effects of phorafe in banana fields have

not been studied and hence investigations were carried out

with a view to studying:

(1) the uptake, translocation, metabclism and
persistence of phorate in banana plant when
applied to tie root zone/leaf axil of the plant

at different intervals after planting.

(2) the persistence of phorate when applied to the
soil at different growth stages of banana and the
waiting periods required to keep the residues in

bunches below tolerance limits.

(3) the uptake, *“ranslocation, persistencs and bio-
efficacy of phorate applied at different doses as

influenced by rainy/summer seasons.



(4)

(5)

o

the persistence and metabolism of phorate
in different soil types and the effect of soil
typres on the absorption and metabolism of

éhorate in banana plants, and

the effect of phorate on the soil micro drgahisms.
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REVIEW OF LITERATURE -

Phorate is widely used as a .s0il insecticide for
the control of bunchy top disease of banana and on a wide
variety of crops for the control of pests., The literature
available on aspects related to its prolonged use as a

soil systemic insecticide have been briefly reviewed here:

2.1 Absorption, translocation and persistence of

phorate in plants

Phorate being a systemic insecticide is absorbed
by pianﬁs and translocated to aerial parts following its
application in soil. The absorbed insect;cide persisted
at various levels inldifferént plant parts in different

crops,

2.1.1 Vegetables

According to Getzin and Chapman, (1960), phorate
was readily absorbed by peas when grown in'treated soils,
The initial uptake ranged from 94 pem in plants grown in
quartz sand to 7 ppm in those grown in muck soil at 4 days
after treatment, The plants continued to absorb the radioy
active inseqticide upto 24 days after application giving

residue concentrétions of 90 and 10 ppm, respectively.



Chisholm and Specht, (1967) obtained similar results with
canning peas. They reported that phorate persisted in peas in

measurable quantities at 76 days after application in soil.

_Galley and Foerster, (1976) found that absorbed
labelled phorate persisted ﬁore in thelleaves than in.the
roots of broad beans. They attributed the absorpticn and
its subsequent £ranslocation to the combined effects of

transpiration and action of transfer cells in the plant.

Talekar et al., (1977 a) found that mung beans and
soé:beans were efficient in the absorption and trénslocatioh
of .Yrc labelled phorate following foliar and soil appli-
cations. At two weeks after application radio carkton was
détected in the stem, roots and leaves. At harvest, leaves

contained more radio phorate than the seeds.

Carrots were reported to absorb and translocate
phorate readily when grown in contaminated soils
(Lichtenstein et al., 1965, Suett, 1971), Lichtenstein
et al., (1973) found that carrots grown in surface
treated soils contained 0,12 ppm phorate at harvest while
those grown in soils whére the insecticide was incorporated,

contained a higher lavel of residue (0.50 ppm).

Getzin and Chapman, (1960) found that phorate

emulsions when applied at the rate of two and six lb ai/acre



in irrigation water was absorbed and translocated by
cabbages as evidenced by the increased anticholinesterase
activity of tissue extracts of the [Plants. Higher dose
resulted in greater anticholinesterase activity than the

lower dose even at 60 days after treatment,

Phorate applied in soil was effectively abscrked
and translocated by sugar beets as evidenced by the control
of aphids and reduced. bulldup of mites and leaf hoprers
on the treated plants. The aerial parts were found to
contain high concentration of residues at eight days after
application while the roots contained no detectable residues,
.Insecticides persisted in the tops for 24 days (0.07 prm)
while no detectable residues were founa in either the tops or
roots at 68 days after application,when the plants were

harvested (Reynolds et al., 1960).

Absorption and translocation of phorate by potato
was reported by several workers. Bacon, (1960) found that
phorate was readily absorbed and it persisted in the aerial
parts in sufficiently [|eathal quantities to give good
protection against aphids for 86 days and leaf hoppers for
97 days when applied to cut seed bleces of potato at
Planting. The insecticide was found to be..absorbed and

translocated more efficiently when appliéd as dgranules



than as emulsion (Getzin and Chapman, 1960).
Similar findings were reported by Kathpal et al., (1983)
who found that phorate persisted in potato tubers for

70 days after soil application @ 1.5 Kg ai/ha either in

a single dose or in split doses. No detectable residues_

were found in tubers at harvest in both the treatments.

21,2 Cereals

Lilly et al., (1958) rerorted that wheat absorbed
and translocated phorate applied iﬁ soil and ho detectable
residues were found in samples collected at early dough
stage and in mature grains., Bhatia et al., (1973) did not
find detectable residues in barley grains aﬁ harvest follow-
ing fﬁrrow applications'of phorate granules @ 1.0 and 2.0 Xg
ai/ha at sowing. Corn planfs were found to be less efficient
in absorﬁing and translocating phorate from soil.
Lichtenstein et al., (1973) applied abnormally high dose
of 10 1b ai/acre as emulsions and found that corn plants
showed detectable residues during the firsf yéar after
treatment but not during the second year while crops like
carrot showed residues. Plants grown in soils treated with
32p labelled phorate were found to contain the insecticide
both in foliage and roots at 17 days after treatment
(Llchtensteln et al., 1974)., The aerial parts contained

more radio active phorate than the roots.



2.1,3 Rice

The absorptibn and translocation of rhorate from
treated soils and its persisteﬁce in rice were investi-
gated by ;everal'workers.‘ The:insecticide was applied
at doses ranging from 0.50 to é.SO Kg ai/ha either at ;
the time of transplantation or 'at tillering dr at booting

stages of the crop.

Natayanaswam?'gg al., (1975) found that applicatioﬂ;of
phorate granules @ 1.25 Kg ai/ﬁa at planting resulted in
the accumulation of a residue of 2.16 pmm inlplants at
three days after aﬁplication. ihe residues declined to
1.88 ppm at 15 days after application., Similar residue
pattern was cbserved by Garg ané Sethi, (l982é)who found
that the plant resicdues increased from 1.84 ppm one da
after tre tment to 7.30 ppm at three days after treatment.
The residues declined therse aftér to 1.28 and 1.29 ppm,-
respectively at 5 and 10 days aﬁter application. However,
after this initial decline the 'residues gradually increased

to the maximum level of 14.59 pﬁm at 60 days after applicationo

T'. 2 autho: also investigated the relative dis-
tribution ¢f phorate residues in different plant parts at
20, 30, 45 ané 60 days after treatment. While the roots ¢ontainegd

higher concentrstions of residues (1,02 ppm) than the shoots{
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(0.85 ppm) at 20 days after treatment, the relative
concentration declined in roots as compared to the con-
centration in shoots at 30, 45 and 60 days. The highest

tal concenﬁration‘of residues was obtained at 60 days
at which stage the roots, stems, leaves and earheads

contained 3.34, 4.60, 4.82 and 1.83 ppm respectively.

The informations available on the pattern of terminal
residues in rice plants following application of phorate
in fields at different doses and at different crop phases

are summarized below:
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gégfiggtion gose Residues of phorate (ppm) in Reference
?/h Ear- Grains Straw Bran
al/f8&  heads
At planting 0.25 0.360 - - -  Pandian, (1975)
1.00 0.610 - - - 27
1.25 - 0.057 0.192 - Rajukkannu .
et al., (1977)
1.25 - 0.080 0,150 - Rajukkannu and
Krishnamoorthy,
(1979)
1.50 ND - - - Jain et al., (1980)
2.00 1.830 0,250 - - Garg. and Sethi,
(1982pv)
At tillering 1.25 - 0.070 0.150 ND Rajukkannu et al.,
: (1976)
1,25 - 0.150 0.220 - Prasad and Mani,
(1979)
1.50 - 0.200 0.330 - "oz
2.00 - 0.240 0,390 - "7
2,00 - 0.048 0.048 - Pillai, (1981)
At booting 1,25 0.080 0.080 0,150 ND Rajukkannu et al..
| (1976)
1.25 - 0.240 0.240 - Visalakshy. et als,
S ' (1979
2.00 - 0.099 0.910 - Pillai, (1981)
2.50 - 0.38 0.85 - Visalakshy. et al.,
' (1979)
15 days prior , :
to harvest 1.00 -  0.11 - . - Rao et al., (1986)

ND: Non detectable
- Not reported
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2.1.4 Other field crops
Metcalf et al., (1957) reported thab when the
base: of cut leaves of cotton and lemon plants were. placed
in solution containing :32p labelled phorate, the absorp-
tion was very rapid. Highest absorption (95 ppm) was

found at four days after treatment keévendwhich the residues

declined.

Mustard plapts absorbed phorate appiied in soii
rapidly. Maximum residue of 2.10 ppmlwas detected at 20
days after application which declined there after resuiting
in cémplete dissipation of residues at harvest. However,
flag leaves contained 2.40 ppm phorate at 95 days after |
applicaticn (Jain et al., 1974 b5).0f the various plant
parts; leaves contaiﬁed the highest concentration of insecti-
cide followed by flowers, stem and roots. No detectable
residue of phorate was found in seeds at harvest

(Agnihotri et al., 1975).

Alfalfa plants treated with phorate granules @ 1.0
and 4.0 1b ai/ac containea 390 and 520 ppm of insecticide
respectively at three days after application., However, at
27 days after treatment no detectable ;esiaues weres found
in air dried hay. Cholinesterase activity of the blood of
cattle fed with air dried hay made from treated planﬁs was

not found to be appreciably affected (Dobson et al., 1960).
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2.2 Metakolism of phorate

Phorate when applied to soil undergoes a series
of structural changes which affect its efficacy as an
insecticide. It is metabolized to various preducts through
chemical and biochemical transformations. When absorbed
by planfs grown in treated soils these changes are found
to occur in them also. Bull, (1972) reviewed the mechranisms
involved in the metabolism of organophosrhates and the
relative importance of various pathways in plants, soils,
insects and higher animals. He broadly classified the
mechanisms as biological éxidations brought about by enzymes
in biological systems, nonenzymatic chemical reactions and

hydrolytic reactions mediated by enzymes.
2.2.1 Oxidative metabolism.

The oxidative metaboiic reactions can be classified
as desulfuration which enhance the anticholinesterase
activity and'oxidaﬁion of thioether moi¢y further enhancing
the anticholine ‘terase activity (Bull, 1$72). He further
states that desulfurations are found ito be quantitatively _
lesser in certain:piants aé compared to insects, while
thioether oxidation is more common in plants, insects and
mammals. The oxidation of thioether mokty is a two step
reaction wherein the oxidation of sulfides to sulfoxides is

rapid while the oxidation of sulfoxides o sulfones is
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relatively slower (Bowmén and Casida, 1957,, Metcalf et al.,
1957, Bull, 1972). Menn and McBlain; (1974) further stated
that higher plants possess a microsomal oxidase system
similar to that present in mammals and insects and a per~
oxlidase system both of which have a potential for catalyzing

the oxidative transformations.
2.2.2 Hydrolytic metabolism

Phorate and five of its oxidative metabolites
undergo hydrolytic metabolism in plants, insects and mammals
thus causing loss of their insecticidal activity., Bowman
and Casida, (1958) detected the presence of five hydrolytic
metabolites of which four.could be identified. The relative
concentration of these metabolites, diethylphosphorodithioic
acid, diethylphosphorothioic acid, diethylphosphoric acid

and phoschoric acid varied within plants, insects and mammals.

2.2.3 Nature and extent of metabolism of phorate in

plants

Bowman and Casida, (1957) found that phorate was
rapidly metabolized to five compounds following absorption
and translocation in vegetables grown in soils treated with

325 labelled insecticide @ 2.0 1b ai/ac.

Bowman and Casida, (1958) studied the extent of
metabolism of phorate in bean pPlants. They found that 79

percent of extractable insecticide was in the form of toxic
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‘metabolites at one day after tfeatment while the hydrolysed
metabolites accounted for 21 per cent of the residues. At
12 days after treatment the prorortion of toxic metabolites
decreased (73 per cent) while that of the hydrolytic
metabolites increased to 27 per cent of the residues, Theay
also reported that ghorate sulfoxide and phorate sulfone
constituted 76.2 per cent of the total metabolites at one
day after treatment, while at 12 days after treatment these
metabolites continued to constitute the bulk of total meta=
bolites (64.0 per cent). Oxyphorate sulfoxide and oxyphorate
sulfone accounted for 8.5 per cent of the total residué |

at that stage,

Peas grown in phérate treated soil showed the
highest cqncentration Of toxic metabolites at eight davs
after treafment. The hydrolysed metabolites constituted
43,45and 61 per cent o% the total metabolites at 8, 16 and

24 days after treatment (Getzin angd Chapmman, 1960).

Carrots metabolized the absorbed phorate to phorate
sulfoxide and phorate sulfone (Suett, 1971). Carrots
grown in soils one year after treatment (as ipdicator crop)
contained 0.04 prm phorate sul fone at harvest
(Lichtenstein et al., 1973). Phorate sulfoxide and bhorate
sulfone were detected along with parent compound at hafvest

in carrcts grown in treated soils (Suett, 1974), Carrots
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grown as indicator Plants in soils treated one year prior
to plantlng contained traces of phorate sulfoxide and
0.13 ppm of phorate sulfone at harvest (Chapman and Harris,

1980) .

Sugar beet toﬁs contained 0,77, 0.30 and 0.07 ppm
phorate sulfoxide af 8, 16 and 24 days after application of
rhorate while no detectable residues of parent compound or
its metabolites were Present in the roots at the same periods

(Reynolds et al., 1960).

Radish - grown in treated soils contained 0.07 and
0.14 prm of phorats sulfoxide and phorate sulfone at. harvest
while no detectable residues of metabolites could be found
when the padish was: grown in the same plot a year later

(Chapman and Harris 1980),

Menzer and Ditman, (1968) found that most of the
terminal res*dues of vhorate recovered from treated spinach
plants were in the forom of phorate sulfone and oxypho rate -

sulfone.

Phorate when applied to seed furrow at.planting
resulted in residues of 1.6 and O.QS Ppm in potato tubers
at 70 ané 80 days after planting. Phorate'sulfoxide was the
only metabolite detested at both these stages apart from the

parent compound (Xathpal et al., 1983).
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Fréﬁ soil -34c labelled phorate was absorbed and
metabolized by mung bean plants. Leaves contained measur-
able quantities of phorate sulfoxide and phorate sulfone
while'no metabolites could be detected in seeds. Similar
residue pattern waé found in soj:bean plants. However, the
seeds contained measurable quantities of radio carbon but
those were in the form of hydrolysis products (Talekar et al.,

1977.a) .

Brassica plants treated with granular phorate
contained four metabolites phorate sulfoxide, phorate
sulfone, oxyphorate sulfoxide and oxyphorate sulfone along
with the phorate precursor. The main metabolites detected
at 15 days after application were phorate sulfoxide and its
sulfone while oxyphorate sulfOXidg and oxyphorate sulfone
accounted for 0.26 prm residue at that time (Krishnaiah

and Kalra, 1978),

Lilly et al.. (1958) reported that a mixture of
oxidative metabolitec was present in wheat, ocats and barley
at 4 and 6 leaf stages. Tﬁe mixture was found to be 10 to
100 times more cnolinesterase inhibitory than the parent

compound,

Phorate sulfoxide, phorate sulfone, oxyphorate

sulfoxide and oxyphorate sulfone were detected in corn plants
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14 days after soil application of insecticide. While

the parent compound was present oxyphorate could not be
detected in any of the plant samples. (Leuk and Bowman,
1970) . Silage prepared from corﬁ grewn in phorate treated
soil contained 0.03 to 0,18 ppm‘phorate sulfone. However

no mortality of Drosophila melancgaster (Meigen) was

obtained when the flies were exposad to extracﬁs of the
silage for 96 hours (Lichtenstein et al., 1973). Corh
plants grown in treated soils were fqund to metabolize
phorate to phorate sulfoxide and sul fone, At seventeen
days after treatment greens contained higher amounts of
both the metabolites (0.36 and 0.44 ppm respectively)

~ than roots which containéd 0.30 and 0.08 prm respectively

(Lichtenstein et al., 1974).

Khajuria gt al., (1973) found phorate sulfoxide and
rhorate sulfone in sorghum plants at levels rangiﬁg from
1 to 2 ppv at 35 days after application. No detectable
résidues of either the parent compound or any of its

metabolites were foundé at 45 days.

Bermuda grass, Cynodon dactvlon (L.) grown in

tri:ated soils contained phorate sul foxide, phorate sul fone,
oxyphorate sulfoxide and oxyphorate sulfone at 21 déys

after treatment (Leuk and Bowman, 1970).
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Saunders and Getzin, (1973) studied the nature
and extent of metabolism of phorate by Scots pine (Pinus

sylvestris L.) seedlings. Five months after application

phorate, phorate sulfoxide and phorate sulfone were
detected in the stem, bark, neédles, buds and roots of

tﬁe seedlings, while the needles and bark additionally
contained oxyphorate sulfoxide and oxyphorate sul fone
Highest concentration of phorate, phorate sulfoxide and
phorate sulfone were found in roots and needles, inter-
mediate levels wére found in bark and buds while the lowest
amounts were found in stem., ?horate sulfoxide was the
most predominant metabolite followed by phoréte sul fone
whereas phorate was present in the lowest amount. Appli-
cation @ 2.0 g al/plant resulted in higher amounts of
dhorate and metabolites in all the plant parts than appli-
cétion @ 1.0 g ai/plant. The authors cénclhded that the
presence of higher concentration of phorate sulfoxide and
phorate sulfone was due to the continuous absorption of
these metabolites from the soilland from the metabolism

of absorbed phorate within the plant tissues.

2.2.4 Factors affecting the metabolism and persistence

of phorate in plants,
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2.2.4.,1 Soil type.

Appleman a..d Sears, (1946) and Foster et al.,
(1946) pioneered the idea that soil type influenced the
effectiveness of‘insecticides applied in soil there by
affecting their uptake by plants. They observed that
when crops wefe grown in treated soilé more insecticide
was available in light soils than in heavy clays. mucks
and peats. A similar finding was reported by Getzin and
Chapman, (1%60) who found that pea plants absorbed and
translocated more phorate from sandy and silt loam soils
than from muck s>il, Lindley, (1963) obtained comparable
‘bioclogical efficiéncy with lesser amount of phorate in

mineral soils than in soils with high organic matter content.

2.2.4.2 Soll moisture.

Soil moisture influences the prersistence of
pesticides in the soil since it can affect_fhe adsorption
of pesticides by various soil fractions. Water can compete
with pesticidés for adsorption sites resulting in the release
of adsorbed pesticide molecules which in turn enhances the
availability of the toxicants to plants (Barlow and Hadaway,
1959), Greater water solubilities of oxidative metabolites
of phorate coupled with higher moisture might enhance uptake

of the toxicants by plants (Getzin and Chaprman, (1960).
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Reynolds and Métcalf, (1962) reported that irrigation
markedly increased the uptake 6f disulfoton and phorate
from granules by cabbage. Similar observations were
reported by Jeffer:on gt al., (1964) in cgrnations and
';Ridgeway et al., (1565) in: cotton. However Agnlhotri

et al., (1975) found that phorate persisted for longer

" (60 days) periods both in plants and soil in unirrigated

‘conditions than under irrigated conditions (45_éays).

Brassica plants retained 10,7 per cent more residue under

unirrigated condition than in irrigated.condition.

2.2.4.3 éeasbns

varMiddlem and Baranowski, (1962) found that
‘highést concentration of phorate in tomato plants usually
coincided w1th prececﬁng periods of relqtlvelv high temp-

erature and rainfsll,

2.2.4.4 Me;hods of application and doses Of insecticide

used

Application of higher doses of insecticide resu-
lted in higher residues in -wheat, barley and oats (Lilly
gt al., 1i958), Persistence of residues was more in cabbage
plants treated at higher doses of phorate when applied to

both sandy and silt loams (Getzin and Chapman, 1960) .,
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Longer residual toiicity due to higher rates of phorate
application was noticed in barley as evidenced by lesser

incidence of leaf aphid (Bhatia et al., 1973).

Methods of application were reported to influence
the availability of insecticide and its biological activity
in plants, Bowman and Casida, (1957) obtained higher uptake
and persistence of phorate when the insecticide was applied
as a foliar spray. While-the insecticide persisted for 32
_ days under this method of application the persisténce was 17
days when the plants were treated with soil drenches at
the same dose. Higher ratesx:fin;ecticides would be required
for soil treatments than for foliar application but at the
same time one granular apblication to scil would replace
several foliar sprays (Getzin and Chapman, 1960)

Topicai apblications to leaf whorls of sugar beets with
granular phorate was found to be more effective than foliar
sprays (Reynolds et al., 1960). Phorate applied by fluid
-drilling gel method left 3-9 times more residue in spring
grown quick maturing carrots than when applied under bow wave

method at the same dose (Suett and Whitefield, 1983,
2.3 Persistence and metabolism of phorate in soils

Kearney et al., (1969) defined persistence as the time

required to reduce the pesticidal concentration to 75 to
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100 percent of thecamount initially applied to the

soil,

Metabolism of phorate in soils can be rather
rapid. Getzin and Shanks, (1970) could detect the
conversion of 13 per cent of applied phorate tq phorate
sulfoxide in zero day samples., Menzer et al., (1970)
recovered large amounts of phorate sulfoxide phorate
sulfone and oxyphorate sul foxide from phorate treated soils,
‘They also recovered minute quantities of oxyphorate and
oxyphorate sulfone. Waller and Dahm, (1973)_reported that
two days after incubation with labelled phorate the soil
samples contained phorate, phorate sulfoxide and phorate
sulfone which accouﬁted for 21, 50 and 29 per cent of

recovered radio activity.

2.3.1 Factors affecting the persistence and metabolism

of phorate in soil

Factors responsible for the persistence and
degradation of insecticides applied in the soil were classi-
fied by Edwards, (1966) according to their relative
importance. ! de identified the structure, intrinsic stability
soiubility and volatility of the chemical as primary factors:
tyre of soil, organic matter content, clay content, rainfall;

irrigation leading to leaching as secondary factors, soil
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temperature and microbial composition as tertiary factors
and those like formulation, concentration of applied
insecticide, mineral content and acidity of soil and

plant cover as quartenery factors.

Phorate was considered to be chemically stable
in neut;al andéd acidic soils but prone to hydroly51s in
alkaline soils, Phorate was reported “to be relatlvely
insoluble in water (17.9 ppm) and has a moderately low
vapour pressure of 2,3 x 1073 at 30°C. Thus the bioclogical
effectiveness of the insecticide mainly derends on the

secondary, tertiary and quartenery factors.
2.3.1,1 Soil type.

Heavier soils and those with more organic matter
r:tained amounts of pesticides for longer periods as
compared to light soils. Getzin, (1958) found thatv
drenches of rhorate resulted in higher,mortality of aphids
on plants grown in treated sandy soils. The insecticide
remained active for a longer period in sand and sandysoils
than in silt lcams, clay looms and muck soils, Patterson,
(1962) observed that soil organic matter restricted the
absorption of applied phorate by plants., Acoording to
Getzin and Rosefield, (1966) the time taken for the dis-
appearance of 50 percent of'applied dose was 10,6,4 and 1.5

weeks respéctively in organic,sandy loams, silt loams and clay
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loam soils. Mechanical composition of soil had the main
influence on soil structure which in turn influenced the
persistence of insecticides in soil (Yaron et al., 1967).
Phorate persisted for only 2 - 4 weeks in fine sandy loams
while the persistence was 4 weeks in muck soil és evidenced

by toxicity to Acheta pennsvlvanicus Burmeister, (Harris,

1969) . Read, (1969) however could not obtain significant
variations in persistence of phorate in sandy soils andé fine
sandy loams as evidended-by assay with first instar cabbage
maggot. Suett, (1971) obtained longer persistence of phorste
in peaty soil than in sandy loam. ﬁe repcrted that the

time taken for thé dissipation of residues to less than one
pPer cent of the initially applied dose was 14 weeks in peaty
soils as compared to 7 weeks in a sandy loam. Phorate was
more mobile in brown forest soils than in degraded ‘Chernczem®
and black marsh soils indicating that soil adsorbency was
imﬁortant for the translocation of pesticides (Cstogic

€t al., 1972). Radio labelled phorate persisted more in
plain field sand than in quartz sand giving residues of

0.46 and 0.01 ppm respectively when water was percolated
through the treated soil for 17 days. Under non-rercolating
conditions the residues were 0.53 and 0.01 prm raspectively
in the two soils (Lichtenstein et al., 1974). Laterite soil

retained more phorate residues than red, black and kari soils
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(Mithyantha and Pefur, 1974), Under flooded conditions
the degradatibn of phorate was bbserQed to be fast in
black clay loams wheﬁ applied @ 1.25 kg ai/ha (Rajukkannu
et al., 1977). Persistence of phdrate was longer in
forest soil followed by alluvial, red laterite and sandy
ébilshunder uplana conditions (Visalakshy,. 1977). She also
repo;ﬁed the half life values of 48.5, 30.2, 16.8, 15.7
and 13.4 days,respectively;in these soils.- Phorate was
* more persistent - in muck soils than in sandy soils, the
residues one year after applica;ion’were 4.3 and 2.0 ppm,
respectively (Chapman and Harrié, 1980) . Mofé than. 99 and
90 per cent of the initial concentration dissipated from
sandy and muck soils,réspectivelyawithin a ygar.after
application (Harris and'Chapman, 1980) . Wang, (1980)
reported lower persistence.of'phoratg in quartz'sand/as

compared to those in fine sand and silt loam.

However,Chapman gt al., (1982) could not find
significant differences in the péfsistence of pﬁorate
résidues'in different soil types. Théy found that phorate
disappeared more rapidly in natural soils than in sterile

'soils, irrespective of the soil type.
2.3.1.2 Soil moisture

Gerolt, (1961) stated that soil humidity, which

/

was directly related to the soil moisture content, could
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influence the persistence of.pesticides by influencing
‘their initial adsorption or the rate at which they would be .
diffused into soil or the rate at‘which the adsorbed
toxicants would be released: from the soil constituents.,
Edwards, (196€) opined that soil moisture pre§ented the
adsorption of the pesticide to the soil fractions by com-
peting for the adsorption sites.? In dry. soil the insecticide
cide would more readily be retained and bound in an inactive
form until freed by moisture. This phenomenon would be moré
bronounced in lighter soils than in heavier soils., Chiou

et al., (1979) on the othér hand suggested an alternétive
theory that the effectiveness of the insecticide in soil
depeﬁded on the solubility of insecticide which in turn
decided the extent to which it was partitwoned between :he
s0il organic matter and soil solution. Thus more soluble
1rsecticid°s persisted less in the soil. Sharma et al.
.&1080) reported a reduction in the toxicity of phorate with

& reduction in moisture levels when white grubs (Lachnostarna

consanquinea Blanch) were exposed to treated soil.

Soil moisture could affect the persistence of
pesticides in soil by influencing the microbial activity.
Chapman and Harris, (1980) found that contrary to exnectatlon

phorate persisted in sandy soil for a longer period than in
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a muck soil since the sandy soils dried up quicker than
mucks between irrigations thus curtailing the microbial

degradation.

However significant differences in toxicity of
phorate applied in soil could not be obtained by Read,

(1969) under different levels of moisture in green house.
203.1.3 SOlubility and leaChing~

Getzin and Chapman (1960) using .32p labelled
phorate demonstratad the oxidation and subsequent leaching
of metabolites from treated soils. Irrigation water -
leached significant amounts of the insecticide from the
top layers to the lower layers. Getzin and Shanks, (1970)
Observed that all the oxidative metabolites wera more
water soluble than the parent compound and hence were
liable to be leached by excess moisture. Schuiz et al.,
(1973) studied the vertical and horizontal movement
of phorate applied in soil and found significant amounts of
phorate sulfoxide and phorate sulfone in the so0il cores
below the zone of application. Phorate sulfone constituted
®5 per cent of the total recovered residues from this zcne.
Lichtenstein et al., (1974) later confirmed these findings,
They found that when water was percolated through phorate
treated soil, the lower layers contained 3.30 times hicher
concentration of phorate sul fone than the upper -

layers. Percolated water alsc contained
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significant amounts of phorate sulfoxide and phorate

sulfoﬁe. Talekar et g;.,(i977 a) estimated :34c¢ laEelleé
_phorate in treated soil and in plants grown in the soil and
attributed the vast portion‘of the unaccounted residue to loss

by leaching.
2.3.1,4 Temperature.

Increased soil temperature accelerates the
diséppearance of insecticides applied in soil by increasing
conversion to metabolites, volatilization and desorption,
Higher temperature causes more rapid break down of insecticides
in tropics than in temperate soils especially during wert sezson
During dry season the break down could be considerably slowed
(Edwards, 1965)., Soil a§plied phorate disappeared afier two
menths in summer while it persisted for longer periocd in
autumn. fhere was almost no loss of residue during winter
when the scils were frozen. Persistence of biological
activity of phorate was slightly higher at 24°C than at i3°cC,
Phorate persisted for just more than a week after application
in soil (Thompson, 1973). Longer persistence of phorate
in winter was noted by Suett, (1975)., Talekar et al., (1977 b)
found that degradation of phorate applied in séil was rapid
résulting in the recovery of 0.4 per cent of the applied
dosage at the end of autumn season while the breakdown was

further accelerated during hot rainy spring and summer
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seasons. Phorate residues completely dissipated in 128,
117 and 109 days when the treated soil was incubated at

15, 30 and 45§C respectively (Verma, 1979). Srinivas et al.,
(1985) reported the half-life values for phorate were
18.47 and 32.02 days during éummer and winter seasons
respectively, when applied at a dose of 2.5 k¢ ai/ha in the

scil for the control of groundnut pests.
2.3.1.,5 Soil microbes

‘Ahmed and Casida, (1958) were the first to study
the effect of micro organisms on the metabolism of phorats
in soils. They reported that green alga, Chlorella and

yeast, Torulopsis oxidized phorate to its sul foxide at a

fast rate. The conversion of phorate sulfoxide to oxyphorate
sul foxide .was found to be slow. Both phorate sulfoxide and

oxyphorate sulfoxide were found to be more stakle than

phorate and oxyrhorate. The bacteria Psuedomonas

fluorescans and Thiokacillus thiooxidans failed +o

oxidize phorate,‘but were effective in hydrolysing the
compound. Getzin and Chapman, (1960) attempted to define the
Xact role of soil micrdbes in the metakolism and degradation
of phorate applied to natural organic soils. They concluded
‘that since soilé could not be sterilized totallv without
affecting their structure it was difficult to define the

exact role played by the microbes. Acccrding to the authors
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the magnitude of phorate oxidation was not affected
.by a larée reduction of microbial population by
partial sterilization.  Apart from oxidation; a
-sﬁall/but significant reduction of phorate sulfoxide
to phorate was reported by Getzin and shanks, (1970).
Tﬂe~authofs attributed the phenomenon to the action
of soil microbes. This finding was later confirmed
by Walter-Echols and Lichtenstein, (1977) who reported
;significant reduction of phorate sulfoxidg to phorate
in treated loam soils overlaid with lake mud. They
also found that the metabolite was oxidized to its
sulfone in the same microcosm. Since both the oxida-
tion and reduction reactions failed to occur in
autoclaved treated soil- lake mud-water microcosm they
concluded that microbes were responsible for these
conversions. Addition of glucose to non sterile svstem
. resulted in increased recovery of phorate confirming
the role of soil microbes. Chatman et al., (1982).
found that phorate, phorate sulfoxide and bhorate
sulfone diszppeared at a relatively slower rate in
sterile o}ganic and mineral séils than in natural .soils,
further confirming the impo;tanéé of soil microbes in

degradation ané metabolism of soil -applied phorate.
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2.3.1.6 Doses of insecticide used.

Way and Scopes, (1968) found that phorate when
applied at 10 ppm, half the insecticide disappeared in
68 days whereas it persisted for nearly two years when
applied at an abnormally high dose of 250 ppm in the
same soil,indicating that the rate of degradation was
slower at higher doses. Similar degradation pattern
was rerorted by Schulz et al., (1973). They found that
0.6 and 2.70 per cent of the initial deposits were
recovered at 4% months after g:anules were incorporated

in so0il at 5 and 10 1b ai/ac.

Suett and Padbury, (1980) however found no
differences in rate of decliné of initial residues
when phorafe was aprlied to séil in continuous lcgar=-
ithmically changing doses ranging from10.9 tc 16 kg ai/ha.
The initial residue declined by 35 per cent in all the

3 .

doses.
2¢3.,1.7 Method of application

Parker and Dewey, (1965) found that phorate was
lost more slowly when mixed thoroughly with soil than
when applied to the soil §prféce. Lichtenstéin et al.,
(1973) found that fifty per cent of the phorate épplied
to the soil surface disappéared in six days while 32
days were required for similar dissipation when the

insecticide was mixed with the top 4-5 inch soil.
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2.3.1.8 Volatilization.

Getzin, (1958) found that sahdy soil, silt
loam and muck soils lost 25, 20 and 18 per cent of
applied radio active phorate within an hour Of treat-
ment. After this initial loss little or no volatali-
zation occurred. Getzin and Chapman, (1980) rerorted
that phorate volatilized rapidly from quartz sand and
a steel surfzce with less than 10 per cent of,applied-
radic activity remaining 24 hours after treatment.
Harris, (1961) found that phorate was lost from
treated solls due to volatilization as indicated by
the fall in mortalities of the exposed fruit fly,

D.mel=anogaster. Greater volatility of phorate and

disulfoton was responsible for their movement through

soil In a gaseous state (Burt et al., 1963).
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ecline of residues of phorate in a
soil surface treatment was due to volatilization.
Considerable amounts of radio active rhorate was lost
frcm the plant and soil surface which could be due o
Avolatilizatién._ Howaver, loss of residue due to-

. volatllizatisn was reported to be negligible by

Ahmed et al.,(1979).  They found that phorate when
aéplied at 1.1 and 19 kg ai/ha to soil resulted in disappear-

»ance rate constants of 0,053 and 0,043 respectively. In



contrast higher initial disappearance rates of 0.230
and 0.204 pér day were reported by Chapman and
Harris, (1980), when phorate was applied to sandy

and muck soils,respectiveiy. In an identical study
Harris and Chapman, (1980) observed that the rate
constants of phorate were 0.131 and 0.095 respect-
ively. 1In both cases volatilization was reported

to be responsible for the loss irrespective of soil
type. Similar conclusions were drawn by Chapman et al.,
(1982) who observed that the initial loss of residue
was greater due to volatdalization than the subsequent
rate of decline of residues which was due to other

factors.

2.3.1.9 Conjugations and bindings of residues in soil

" and plants |

Several workers have re?orted that a part of
the phorate applied in soil geot bound in scil and
became unavailaﬁle for up take by plants. Similar
bindings were also reported to occur in plant tissues
following uptake and translocation of the pesticide,
Getzin and Chapman, (1960) found the presencs of
bound residues in peas grown in treated scils. These
unextractable factions constituted nearly seven per cent
of the total residues on the fourth day to 29 per cent

on the 24th day after treatment. They also found that
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.14-25 per.cent'of the applied radio active phorate
was bound in sandy soil. Muck soils exhibited the
highest rate of binding of 40 to 82 per cent. Con=-
jugation:'with glycosides was reported to be the
process by which organorhosphates were bound in

the soil (Bull, 1972). Binding was least in quartz
sand. It was 1.81 pef cent of applied radio active
rhorats while in sandy soils the rats of -binding was

4.3 per cent (Lichtenstein et al., 1974). Talekar et

2

(1977a) reported that 5.75 and 7.89 per cent of
labelled (%*c} phorate was found in kound formAin

the tissues of mung beans and sovbeans following soil
treatments. Foliar application resulted in the

.75 and 4.80 per cent of the residue

(¥}

binding of

Vo]

in these plants, respectively.

n
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2.3.2 Toxlcity of phorate and oxidative metakolites

2.3.2.1 Cholinesterase inhibition.

Bowman and Casida, (1957) demonstrated that
phorate: undergoes a series of enzymatic oxidations
in cotton plants following uptake from soil. They
reported that these metabolites had greater cholin-
esterase inhibitory properties than the parent com-
round. Similar findings were rerorted by

Metcalf et al., (1957) with lemon plants. Changés in
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the structure of insecticide resulted in higher anti-

chelinesterase activity. Lilly et al., (1958) determined

the extent of cholinesterase inhibition by phorate and

five of its oxidative metaboliteg. They reported

50 per cent inhibition valuss expressed ingg per

50 ml blood plasma as 0.63, 2.5, 7.7, 32.5, 74 and

553 for oxyrhorate sulfone, oxyphorate sulfoxide,

oxyphorate phorata, phorats sulfone, phoréte sulfoxide

and phorate respectively. Thus the oxidative metako-

lites were 7.5 to 880 times more .active anticholinste-

rase agents than the parent compound,

toxicities of phorate and its metabolites to house fly
by topical application. They reported that oxyohorate
was most toxic to house flies followed by oxvphorate

sulZone, phorate, phorate sulfone, phorate sulfoxide
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sulfoxide in the order of decreasing

3.2.3 Toxicity tec Drosochila melancgastzar Meigen.

Lichtenstein, (1966) reported that phorate
ancd some of its metabolites were not equi-toxic to

D, melanocastar. The median lethal times of insects

upeon exposurs to 2 Mg quantities of toxicants were
3, 6 and 10 hrs. for phorate, phorate sulfone and

rhorate sulfoxide respectively. Schulz et al., (1973)
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found that exposure of D. melanogaster to films contain-

ing a mixture of phorate (60.5 per cent), phorate sulf-
oxide (14.7 per cent) and phorate sulfone (24.8 per cent)
resulted in a LT50 of 0.2 h while a similag exposure

to films containing phorate sulfoxide (4,95 per cent)

and phorate sulfone (95,05 per centf resulted in a véry
high median lethal time of 30.5 h éonfirming that the
parent compound was more toxic to the flies than the
metabolites., This observation was later confirmed by

lalter=Echols and Lichtenstein, (1977) Qho found that

o

reduction of phorate sulfoxide to phorate in incubated
soil resulted in a significant increase in toxicity

to the flies,

2.3.2.4 Toxicity to field cricket, Acheta

Dennsvivanicus Burmeister

Relative toxicities of phorate and five of
its metabolites to the first instar nymphs of

A. pennsvlvanicus were studied by'Getz;n and Shanks,

(1870) . They reported that when the insgpts were
exposed to soils treated with fbese‘compéuhds; phorate
and oxyphorate were found to be highly toxic followed
by phorate sulfone .and phorate sulfoxide. Oxyphorate
sulfoxide and oxyphorate sul fone were least toxic,
However, when topicelly applied to the insects OXY=-

phorate sulfone and oxyphorate sulfoxide were found



to be most toxic metabolites followed by phoréte
sulfone, phorate sulfoxide and phorate. None of the
oxidative metabolites exhibited fumigant action.
.Similar results were reported by Harris and BRowman,
(1981) who found that phorate sulfone and phorate
sﬁlfoxide were more toxic than phorate to the

cricket when applied topically.

2.3.2.5 Toxicity to aphids
Ho and Galley, (1982) studied the relative
toxicicities of phorate (14c)and its oxidative meta-

bolites to Aphis fabae {(Scop.) after incorporation

into artificial diets. Phorate was found to be the
most toﬁic one to the aphids followed by phorate
sulfone, phorate sulfcxide and oxyrhoratz sulfoxide.
They also reported that aphlds released on diets
containing large amounts of oxypﬁorate sul fone wersa
found wandering indicating that the acéeptibility of

the diet changed by the presence of metabtolits.

2.4 Effect of phorate on the soil microflora

The application of phorate to the soil for
the control of foliage feeding insects was repdrted

to be stimulatory, harmful and harmless to different

393

groups of soil microflora by different workers. It was

reported in the comprehenéiﬁve Technical Maﬁzpal on
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Thimet (Cyanamid International, 1970) that the use
Of phorate in soil would not affect soil fertility
as rapid reestablishment of microbial equilibrium,
after a temporary set back, seemed to occur as soon as

the effect o0f insecticide was lost from the soil.
2.4.1 Effsct on soil fungi

Tewari et al., (1972) reported an increase in
the fungal population during the first three weeks
following soil application of phorate. The increase was
found to be significant (Kandaswamy et al., 1875) while
a significant negative correlation was obtained between

the fungal pepulations and concentration of phorate

residue in soil (Visalakshy, 1977).

Chelliah, (1972) found that application of
phorate @ 2.0 Kg ai/ha was toxic to soil fungi.
Satpathy, (1974) on the other hand could find a mild
antifungal effect Jue to the application of the insecti-
cide to the soil around egg-plant seedlings. Similarly
slightly depressive effects were reported by Murthy
et 2l., (1976) in soils grown to okra while a 50 per cent
reduction was reported by Gupta et al., (1985)., Treatment

in red loam soil also resulted in similar reductions

(Das, 1986).
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Fungal populations were not affected when
the insecticide was applied at lower doses only
(Chelliah, i972) though similar result was obtained at
éveq higher dose of 3.0 Kg ai/ha (Visalakshy et al., 1981)
Varshney and Rana, (1987) also reported that fungal
population was unaffected in treated sandy loams

(@ 1.68 Kg ai/ha).

2.4.2 Effect on bacteria

Significant increase in the soil bacterial
population was reported by Kandaswamy et al., (1975)
following phorate application to paddy soil. Pandian
and Balasubramanian, (1978) found the increase in
bacterial population was proportional to the dose of
phorate applied to soil. Visalakéhy et al., (1981)
also found similar stimulatiop seven months after
application. Increase in bacterial popﬁlation in" treated

red loam was reported by Das, (1986),

Azotobactor population were found to be adversely

affected by phorate application by Chelliah, (1972).
'Singh and Gulati, (1972) reported on initial adverse
effect of the insecticide on ammonification and nitrifi-
cation bacteria, . which was overcome during the later
stages. Azotobactor pobulations were affected in

groundnut soils (Tewari et al., 1972). A 50 per cent



reduction in bacterial colonies was reported by
Satpathy, (1974). Rhizobial and bacterial populations
were adversely affected by phorate when applied at

5.0 Kg ai/ha (Chendrayan and Prasad, 1976).° -Non
rhizospheric bacterial populations also were adversely
,

atffected at three days after application (Murthy et

————

[0}

o9

1976), and in cowpea soils (Visalakshy, 1977). The
bacteriostatic effects of the insecticide rersistzé “or

four months (Gupta et al., 1985),

Application of phorate had no influence on

in soils grown to okra (Murthy et al., 1976), Varshnev.

and Rana, (1987) also obtained similar results in

treated sandy loam soils,

2.4.3 Effect on actincmycsztes’

Tewari, et al., (1972) reported that phorate
significantly increésed the rpopulation of actinomycetes in
soil throughout the season. A significant cositive
correlatioh between the actincmycate populations and
residue levels was resported by Kandaswamy et al., (1975)
in rice soils. Pandian and Balasubramanian, (1978) found

that the increase in the actinomycete population was

more in clay scils followed by black cotton, red and
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sandy loams in a decreasing order. Visalakshy et al.
(1981) reported that phorate applied to pepper vines
stimulated populations of actinomycetes for seven

months,

A negative correlation between the le&els of
residue and population of actinomycetes was'reported by
Visalakshy (1977). The reduction in pooulation was as
high as 50 per cent and it was noticed upto four months
after application (Gupta et al., (1985). a significant
initial reduction and subsequent increase in red loams
(Das, 1986) alluvial, sandy and lateritic loam soils was

noticed (Naseemabeevi, 1987) .

Chellaiah, (1972) however dig not find any
relationship between the concentrations of phorate
residues and actinomycete population which was confirmed

later by Varshney and Rana, (1987),
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MATERIALS AND METHODS.
3.1 Raising of banana crop

Field experiments were conducted at the Kerala
Agricultural University, Vellanikkara Campus and in

farmers' fields dufing 1983-87.
3.1.1 Variety

The banana cultivar Robusta with a duration of

eleven months was used in the experiments,
3.1.2 Land preparation

Land was cleared of weeds followed by surface
séraping. Pits of size 50 x 50 x 50 cm were dug at a

"spacing of 2,40 x 1.80 m for planting.
3.1.3 Selection of suckers

Threé month old sword suckers of uniform size
(60 cm height and 15-20 cm girth) were used; The uni-
formity of the age of suckers was ensured by iabelling
the suckers as they emerged around the mother plants.,

Care was taken to select pest and disease free suckers.

3.1.4 Planting

The suckers were planted upright in the centre of

the pits with at least five cm pseudostem remaining



above ground level. Top soil was added to the pit
around the sucker and pressed to avoid hollow air

spaces,
3.,1.5 Fertilizers

Fertilizers were applied at the rate of 160 : 160 :
320 g of N,'P2 O5 and K,0 per»plant-in two'splits at two
and four months after planting. The fertilizers were
added to the soil in a band 60 - 75 cm around the base.:

of plants.

3.1.6 Cultural operations

The plants were irrigated by bot wafering on
need basis during dry spells. Fields were weeded regularly
by surface scraping. Sidevguqkers were destroyed period-
ically upto 8 months. The buncﬁes were haryésted at

maturity ie. eleven months after planting.

3.2 Culturing of test insect P. nigronervosa

Water suckers, whichvwere ﬁnsuitable for normal
planting, were'planted in mud pots filled with potting
medium. The plants were kept in the open and watered
regularly. One month after pdﬁting, the pots were trans-
ferred and placed under partial shade. Twenty to 30
adult aphids collected from éield were released on each

potted plant which were then. kept covered with fine
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nylon hets'to prevent the entry of predators. The adult
females reproduced parthenogenetically and were viviparous
too., They reproduced at the rate of 6-8 nyméhs per female
per day. There were four-nymphal instars and the nymphs
moulted as adults in 8-10 days. The females startéd‘lay—
ing nymphs two days after emergence. Adult longevity was
Observed to be 22-27 days, The population consisted of
apterous forms inifially. Alate forms appeared after one
- month when the population reached high denéity leading to
over érowding. Fourth instar nymphs were used for bio-
assay. Direct collection of sedentary insects from the'
plants resulted in heavy mortality which was caused by the
damage done to their mouth parts. Hence the aphids were
disturbed by blowing air over the colony prior to collection
and the moving insects were collected using a camel hair

brush.

3.3 Assessment of the uptake. metabolism, vpersistence

of phorate in the banana vlant and the bio efficacy

of the toxicant to P. nigronervosa when the insecti-

cide was applied at the root zona/ieaf axils of

the plant.
34361 Layout

The experiment was laid out at the Kerala Agricu-
ltural University Campus at Vellanikkara during August

1983, A randomised block design'was adopted and there



were nine treatments (vide Table 1) and each treatment
was replicated six times. Each plot consisted of four

plants planted as described in para 3.1.4.
3.3.2 Treatments

The treatments consisted of phorate applied at
1.25 or 2.5 ¢ ai/plant af planting followed by 2.5 g
ai/plant applied at 75 or 165 days after .planting or
1.25 g ai/plant applied in the leaf axils at 75 or 165
days after planting. At planting the granules were evenly
distributed around the sucker in the planting pit and were
covered with top soil. At 75 or 165 days'after planting
the recuired quantity of insecticide was applied around
the base.of plants and it wés raked into the s0il and plants
were watered., For the treatment at leaf axils the required
quantity of Thimet 10 G to treat a plant (1.25 g al) was
equally distributed in five leaf axils at the crown at 75

or 165 days after planting.

3.3.3 Assay of the persistent toxicity of phorate to

P. nigronervosa

Feeding cages were specially designed to.confine

P. nigronervosa to the feeding sites on the treategd rlants,

The cage was made out of a transparent plastic tube of 2.5
cm dia cut at 10 cm length. The two ends of the tube were

given slanting cuts, One end of the tube was closed with a
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piece of muslin cloth fi#ed permanently in position using
an adhesive.. A ring like sponge piece was pasted to the
othef end of the cage using the adhesive to ensure that
there was no gap betwéen the cage and the plant when it was
fixed on the curved surface of the_leaf base; A pair of
nails were provided outside the cage, near the open end,

to facilitate the fixing of the same to the plant. Thirty

last instar nymphs of'g. nigronervosa were carefully trans-

ferred into each cage using a camel hair brush and the
cages were fixed on theleaf bases using elastic bands as
shown in Plate, 1, The insects settled to feed with in an
hour after the fixing of feeding cages. The cages were
covered with dry banana leaves to prevent direct exposure

to sun and consequent heat.

The treated banana Plants were exposed to the test
insects at fortnightly intervalé after treatment. The
- mortality of the insect was recorded 24 h after.exposure.
This was repeated till no mortality was observéd. The
observed mortzlities were ¢orrected using Abbot's formﬁla
(Finney, 1964) and persistent toxicity was assessed in terms

of PTAindices following the method of Pradhan, (1967).

3.3.4 Chemical assay of phorate and metabol.ites in the

treated plants.

The content of phorate and four of its known toxic

metabolites (phorate sulfoxide, phorate sulfone, oxyphorate



PLATE I Confining last instar nymphs of

P.nigronervosa on the leaf sheath

of treated plant.



" PLATE I
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sglfoxide and oxyphorate sulfone) were estimated at fort-

nightly intervals commencing from the fifteenth day after

treatment.
- 3.3.4.1 Collection of plant samples

The third open leaves, counting outwards from the
heart leaf, of two plants in each replication of the expe-
riment were cut along with the upper 4 inch portion of the
leaf sheath. The lamina was discarded and the petsola
and leaf sheath portions were cut into small bits.. From'this,:
25 g sample was weighed out and stored in polythene bags for

further processing.
3.3,4.2 Extraction and clean up of insecticide residue

The extraction and clean up'of residues of phorate
from the plant samples was done adopting the method described
by Jain et al., (1974 a) with some-modifications. The 25 g ’
plant sample collected from eaéh of the replications was
macerated in an electric blender for-three minutes along with
75 ml of a mixture of acetone and water (1:1), The macefate
was transferred to a conical flask and shaken for 60 minutes
on a mechanical éhaker; The content in the flask was then

filtered through a Buchner's funnel. The pulp was again

extracted twice with 50 ml portions of solvent-water mixture.

The filt::rates were pooled and concentrated in a Kuderna

L
=

Danish evaporator till the acetone was completely evaporated.



The concentrate was quantitatively transferred to a
separating funnel and was shaken with 50 ml chloroform.
The lower .chloroform layer was collected. The process was
reéeated twice with 25 ml portions of fresh chloroform.
The three chloroform extracts were pooied and concentrated
over a water bath to a #olume of 5=10 mlnwhich was then

subjected to a chromatographic column clean Uup.

A glass chromatographic column of 2.0 cm dia and
50 em length was used. The lower end of the column was
plugged with glass wool over which a five cm layer of
activated charcoal was placed. Anhydrous sodium sulphate
was carefully placed §ver the charcoal to a height of five
cm. About five g of an adsorbent mixture containing a
2:2:1 mixture of activated charcoal, Celite 545 and magne-
sium oxide was placed ove;'the sodium sulphate layer. The
concentrated chloroform extract conﬁaining the residues
- was poured in to the top of the column. The coloumn was
then eluted with 150 ml of Analar grade chloroform. The
elutant was reduced in volﬁme and made up to 100 ml. Zhorate

and metabolites present in the elutant were estimated.
| :

3.3.4.3 Preparation of Chromatograms
Forty g silicagel G. (sufficient to draw three plates)
was taken in a conical flask and 80 ml of distilled water

‘was added to it. The flask was then shaken vigorously with
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a swirling motion for two minutes., Care was taken not to
tfap air bubbles in the slurry while shaking. The slurry
was then poured intd: the applicator whose exit gate was
adjusted at 300 microns. Three ;lean dry glass platég of
size 20 x 20 cm were laid on the base plate. A few dropé
of water was added under,eacﬁlplate to prevent lateral move=-
ment during applicétion of silicagel. Leading edges of
the glass plates were adjusted in a straight line to facili-

tate easy and even motion of the applicator.

The applicator coﬂtaining slurry was placed over the
glass plate, titled and drawn in a smooth motion. The
coated plates were allowed to remain cn the base plate
undisturbed for twelve houfs. The air dried chromatograms
were activated in a hot air oven for fen minutes at 110°C,
Interfering'substénces in the activated chromotograms were
removed by washing in acetone. The lower ends of chromato-
grams wefe dipped in redistilled aé%one in a .chromatographic
Chamber. Wﬁen the solvent .front reached 15 cm level, the
chromatograms were removed and air dried. Using a sharp
pencil the level of solvent front was marked at a height of
12 cm from the bottem edge. Vertical colums of two cm width

were also scored on the chromatogram,

3.3.4.4 Setting up of chromatographic chamber.

The chromatographic chamber was prapared by pouring

300 m1 of a mixture of chlorofcrm and methanol (98,25:1.75)
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one hour prior to use. The "edge effect" on the chromato-
grams was minimized by dipping strips of filter paper in
- the solvent and fixing the same to the inner walls of the

chamber. The chamber -was then tightly closed and was kept

for an hour.

3.3.4.5 Separation of phorate and metabolites in cleaned up

plant extract

The parent compound and four of its metabolites

were separated adopting the method suggested by Blinn, (1963).
3.3.4.5.1 Spotting the sample

Twenty ml of cleaned up plant extract (1/5th of 28 g
plant sample extracted vide para 3.3.4.2) wés viretted out
into a beaker and the solvent was allowed to evaporate
completely. - The residue was dissolved repeatedly in small
quantities of dichloromethane ané spotted quantitatively in
one column of the prepared chromatdgfam (vide para 3.3.4.4)
at a height of 2.0 cm from the bottom edge. Care was taken
to confine the spot at the middle of the column. 2 similar
sample was spotted in the adjacent column on the chromatogram
in an identical position. Reference standards of phorate and
'metaboliteﬁ were similarly spotted in identical position in

five consecutive columns.
3.3.4.5.2 Developing the chromatograms

The spotted chromatogram was gently lowered into the

.chromatographic chamber so that the bottom edge dipped into
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the solvent to a depth of 1.5 cm and the 1id was replaced
quickly. When .the solvent front reached a height of the 12

¢m mark the chromatogram was removed from the chamber and

allowed to dry.

343.4,5.3 Visualization apd extraction of residue from

chromatogram,

Fiverml of a five per cent palladium chloride
solution and one miConC.HCl were taken in a 100 ml volumetric
flask and the volume -made up with 95 percent ethanol. The
chromogenic solution was sprayed on the developed. chromato-

' gram keepiné the first column in which the sample of wunknown
composition was spotted, covered wlth a rolythene she=t,
Spoﬁs holding the reference stanaards and the residues in
the extract in the second column appeared yellow agéinst a
dull background. The parent compound developed colour quickly
while-the metabolites took about an hour for the development
-of colour. With reference to the standards spots containing
phoréte and oxidative metabolites of the extrzet in the
second column could be identified and their Rf values were
detefmined. Since the colour of palladium chloride inter-
fered with the colorimetric quantitative estimaztion of the
identified metabolites the unsprayed first column was used
for this purpose. The unstained silicagel in the- column

correspondlng to the stained spots in the second column were
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scraped and quantitatively transferred to centrifuge tubes.
Five ml of chioroform was added to each of these tubes and
aftér shaking them for five minutes the tubes were ceﬁtri-
fuged for three minutes at 3000 M. The supernatant was
decanted to B19/26 test tubes. The process wa§ repeated
twice with two ml portions of chloroform and the super-

natants were pooled.
3.3.4.6 Preparaticn of standard curves

Stock solutions of phorate and four of its oxida-
tive metabolites were prepared by dissclving 100 mg of
reference'standards,in 100 ml'redistilled acetone, Different
dilutions were pPrepared from which aliquots.containing
' 2.5, 5, 10, 15, 20 and 25_}u.g each were pipetted out into
separate B 19/26 test tubes. An acetone blank. Qas also
maintained_simultaneously. A drop of propylene glycol was

added to preserve the insecticide and the solvent wag removed
by blowing hot air. To each tube 0.4 ml of freshly prepared
P-nitrobenzyl pyridine (two percent w/v) and cvclohexyl
amine (two percent v/v) were added. After fitting air
condensers to these tubes the bottom portions of the' tubes
were dipped into a preheated Sil tath maintained at 175-180°C
for three minutes. The tubes were ﬁhen quickly transferred
to an ice bath and were held for Bb seconds. The air

condensers were then removed and three ml ethyl acetate was



added to each tube. The transmittancs was recorded
on a spectrophotometer at 540 nm. The absorbence values
(y) were plotted against their corrasponding concentra-
tions (%) and the regreséion eguations were computed

(y = ax + b).
3.3.4.7 Quantification of residues in the extract

To the test tubes containing residues dissolved
in solvent (vide para 3.3.4.5) a drop of propylene glycol
was added and the solvent was evaporated completely., The
colour was developed and read in a spectrophotdmete; (vide_
para 3.3.4.6). From the readings the quantities of residues
were estimated using the relevent regression equations (vide

para 393.4.6)0
3.3.5 Recovery studies

Twenty five g each of uncontaminated piént samples
collected from the control plants Qere taken in separate
beakers. The sémples were fortifiled, in AQuplicate, with
0, 2, 4, 6, 8 and 10 ppm of phorate and its oxidative
metabolites separately. The inseéticides were ailowed to
penetrate into the tissues for 6 hours and were fhen extracted
and estimated as described in paras 3.3.4.2 and 3.3.4.6

and the recovery percentages computed.
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3.4 Agsessment of the absorption and translocation of

phorate in plants of different qrowth stages and

determininog the waiting periods regquired to keep

the residues in banana bunches below tolerance

limits,

3.4.1 Layout and treatments

The experiment consisted of eight treatments each

replicated eight times (vide Table 5).,

. The experiment was laid out in a randomized block
design. Staggered planting was done so that plants in all
age: groups could be treated simultaneousiy. Twenty five g
of phorate granules (@ 2.50 g ai/plant) were applied around
the base of each plant (excluding control plants) and the
insecticide was raked into the soil to a depth of 15 cm..

The plants were watered immediately after treatment.

3.4.2 Assay of the persistent toxicity of phorate to

P. nigronervosa

The treated plants were exposed to the test insect

E. nigronervosa, as described under para 3.3.3 at intervals

of 3, 10, 17, 24, 31, 45, 60-and 90 days after treatment
and the mortalities were recorded at 24 hours after each

exposure. The percentages of the dead insects were corrected
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using Abbot‘s formula and the persistent toxicity of the
insedticide was assessed in terms of PT indices following

the method described by Pradhan, (1957),
3.4,3 Assessment of terminal residues in banana bunches

The terminal residues in mature unripe bunches used
for culinary purposes and in ripe bunches used for table

purpose were determined by chemical assay.
3.4.3.1 Collection of samples

Samples consisting of two fingers each from the top,
middle ana the bottom hands of the bunch from each plot
were collected at harvest and brought to fhe laboratory.
When the bunches ripened, samples of ripe fruits were
collected similarly. The samples were used for estimating the

residues,
3.4.3.2 Processing of samples and estimation of residues

The fruit samples collected were éut into small
bits, mixed well, and composite samples were used for
extraction of residues. The procedures followed for the
extraction, clean up and estimation of residues and recovery
studies described in para 3.3.4.2., 3.3.4.7 and 3.3.5 were

adopted for this experiment also.



3.5 Agsessment of the effect of seasons on the

uptake, translocation and persistence of

phorate in banana

3.5.1 Layout

The experiment was laid out at Vellanikkara Campus
during the year 1985-86 with three treatments each replicated
eight times. A randomized block design was adoptéd. One
experiment was conducted during summer season andone in

rainy season.
3.5.2 Treatments

Phorate was applied at the dose of 1.25 and 2.50 g
ai/plant, as granules to the root zone at planting
an untreated contrel was also maintained as cne treatment.
The method of application of granules was as described in
para 3.3.2. Life saving irrigation was given during the

Sumpielr season after the application of insecticide granules,

3.5.3 Assay of the persistsnt toxicity of phorate to

P. nigronervosa

The exposures of the test insect on the ﬁreated plants
were done at intervals of 15, 30, 45, 60, 75, 90 and 105 davs
after planting as described in para 3.3,3. Observations on

‘the mortality of test insects, confined to the feeding sites,



were recorcded at the end of 24 h after exposure.
3.5.4 Estimation of insecticide residues.

The insecticide residues were estimated at fort-
nightly intervals starting'from 15 days after application.
The methods adopted for collection and processing of plant
samples, extraction, clean-up and estimation of residues

were those deéscribed in paras 3.3.4.1, 3.3.4.2 and 3.3.4.7.

3.6 Assessment of the uptake and metabolism of phorate

applied at root zone of banana plants grown in four

tvpes of soil

3,61 Layout and treatments

The influence of soil type on the absorption and
metabolism of phorate in banana plants was studied through
a series of experiments laid out in farmérs' fields during
1987-88. FPhorate was applied @ 2.5 g ai/plant at root zone
at planting. An untreated control was alsc maintained. The
treatment and control plots were replicated five times in
sandy, clay loam (lateritic low land); lateritic upland and

black cotton soil,

3.6.2 Description of soils

The physical and chemical properties of the

ftour types of soil were as follows:



Soil types
Constituents e e e e e e e e c e, — et e o S e ———————
' Sandy Clay-lcam Lateritic Black
(Latedtic wupland cotton
low land) :
Coarse sand 54.25% 35.75% 48,.25% 15.50%
Fine sand 30.75% 9.75% 3.75% 7.00%
silt 8.00% 16.50% 8.00% 21.90%
Clay 7.00% 38.00% 40.00% 35.60%
Organic matter 3,77% 7 .75% 12.54% 20.46%
2.603 Observations

Plant parts wefe collected at fortnightly interwvals
starting from 7 days after application and were processed
and the parent compound and its four oxidative metabolites
present were estimated. The parént cempound and its

S 0,7,

metabolites available in the treated soil at, 135, 45, 90,

120 and 18C days after treatment also were estimated,

3.64.3.1 Estimation of residues of the insecticide and its

metabolites in the plant parts

The plant samples were collected, processed and
residues of phoréte and its metabolites were estimated as

described the paras 3.3.4.1 to 3.3.4.7.
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3.6.3.,2 Estimation of residues of insecticide and metabolites

in the soils
3.6.3,2.1 Collection of soil samples

Soil samples (100 g each) were collected from a
depth of 15-20 cm from two locations around the base of each
treated plant and the samples were mixed well and brought

to the laboratory,
3.6,3.2,2 Processing of the soil samples

Soil samples were air dried, powdered and passed

through a two mm sieve.

3.6.3.2,3 Extraction and clean-up of residues of phorate
Fifty g of processed soil sample from each re-
plicafe was blended in an eléctrical blender for three
minutes along with 150 ml of acetone - water mixture
(1:1 v/v)., The slurry was filtered through a Buchner's
funnel. The filQZEate wasg collected in a beaker and thé
acetone was cempletely removed o&er a hot water bath.
The content was transferred to a separating fumnel, The
residue which may remain in the beaker Qas washed down into
the funnel thrice using chloroform, Fifty ml chloroform was
used for each sample, After shakipg thoroughly for three

minutes the contents were allowed to Sseparate. The lower



.chloroform layer was collected. The extraction .was

repeated twice with 25 ml .portions.of chloroform. All the
chloroform extracts were pooled and concentrated.in a Kuderna
.Danish evaporator to five ml. The extract was cleaned

up és described in para 3.3.4.2.

3.6.3.2.4 Separation of metabolites and estimation of

residues

An aliqueot of cleaned up extract was used Ior
the TLC separation of parent compound and the metabolites
and they were quantified through colorimetry following the

methods described in paras 3.3.4.4 to 3.3.4.7,
3.6.3.3 Recovery studies

Fifty g of uncontaminated, ailr dried and powdered
samples ©of sandy, clay loam, .lateritic upland and black
'coiton soils were taken in separate beakers and were mixed
with stock solutions of the phorate and metabolikes to
give 0, 2, 4, 6, 8 and 10 prm concentrations. To facilitate
easy penetration of insecticides about 25 mlAﬁf chloroform
was added to each sampie° The fortified soil samples were
extracted, cleaned up and the quantities of insecticide
and metabolite present were estimated as described in
paras 3.6.3.2.3, 3.3.4.2 to 3.3.4.7 and the recovery

percentages were computed.,
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3.6.4 Assessment of the effect of phorate applied at
the base of banana plant on the microflora of the

soil

Microbial populations in samples of soils collected
at harvest were studied adopting the serial dilution plate
method describea by Pramer and Schmidt, (1965). The '
ennumerations of colonies of bacteria, fungi and acﬁinomycetes
were done by using soil extract agar medium (Allen, 1953),
Martin's rosebengél agar medium (Martin,_1950), and Kuster'’s

agar medium (Kuster and William, 1964) respectively,
3.6¢4.1 Preparation of media

The soil extract agar medium consisted of glucose
.1.0 g, dié%assium hydrcgen phthalate 0.5 g, yeast extract

0.5 g, agar agar 15g, soil extract 100 ml and water 900 ml.
Soil extract was prepared by heating 400 g of Soil with

400 ml of tap water for 30 minutes in an autoclave., A small
amount of calcium carbonate was added and the soil suspension
was passed through a doﬁble filter paper. The turbid

£ilt rate was poured back into the filter and the process was
repeated till the extract became clear. The soil extract was
bottled and sterilized for 15 minutes at 20 pes.i. in an

autoclave., To prepare the medium, agar was boiled with
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500 ml water and filtered through a muslin cloth. Glucose
and dipotassium phthalate were-dissolved in 400 ml water,
To this 100 ml of soil extract was added and the contents
were again boiled. It was transferred to conical flasks
which were then pluéged with ndn-absorbantvcotton and was

sterilized for 15 minutes at 20 P.s.1 in an autoclave,

The Martin's rosebengal agar medium consistedAof
;dextrose ;0.0 g, peptone 5,00, potassium dihydrogen
phosphate 1.0qg, magnesium sulphate 0.5 d., streptomycin

0.03 .g, rosebengal one part in 30,000 parts of the medium,
agar 15,09 and water 1000 ml. Agar was melted and boiled

in a beaker with 500 ml distilled water. All the ingredients
except streptomycin were dissolved in 500 ml of boiled water.
Both the solutions were mixed and the medium was dispensed
into conical flasks. The flasks were plugged with non abscr-
bent cotton and sterilized for 15 minutes at 20 p.s.i. in an

autoclave,

Kuster's agar medium consisted of starch 16.0 ge
casein 0.3 g, potassium nitrate 2.0 g, sodium chloride 2,0qg,
dipotaséium hydrogen phosphate 2.0g, magnesium sulphate 0,05 g,
égar 15.0 g and water 1000 mi. The medigm was brepared andA

sterilized in an autoclave for 15 minutes at 20 PeSaie



3.6.4.2 Plating b9

One g.each of the soil samples were transferred
asceptically to conical flasks containing 100 ml of sterile
distilled water. The flasks were shaken on a mechanical shaker
for 20 ﬁid.to achieve complete dispersidn of s0il., One ml.
of this suspension was pipetted out. from each flask using a
sterile pipette and transferred to 99 ml of sterile water
each taken in another set of flasks. These flasks were shaken
for 20 aia on a mechanical shaker. Further one in.100
dilutions of the suspensions were made. The :l.O.4 dilutions

were used for fungal counts while 10'6 dilutions were used

for bacteria and actinomvceses.,

One ml of desired,dilution was transferred ascepti-
-cally to a sterile petriplate using a sterile pipette. The
petri plate'was rotated gently so as to get a uniform
spread of solution in the plate. Fourteen ml of the respective.
medium was poured into each petriplate. Uniform spread was
ensured by rctating the plate gently, The petriplates were

then incubated at room temperature,

3.6.6.3 Observations

The counts of fuﬁgal.colonies were taken after
one week of plating and 10 and 14 days after the plating the
counts of bacteria and actinomycetes were recorded. The
number of colonies in the petriplate was used for computing
.the microbial population in one g of sample based on

dilution factor,
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RESULTS

4,1 Assessment of the uptake, translocation,

bicefficacy, persistence and metabolism

of phorate applied at different doses, at the

root zone and leaf axils of banana at

‘different intervals " after planting.and observed

&t different intervals after treatment

s The total phorate available in banana plants
at different intervals after the application of the
insecticide in the soil and in the leaf axils and the

bioefficacy of the .insecticide contents of the plants in

contrelling P. nigronervosa were assessed.

4.1,1 Insecticide content of banana clants at different

‘intervals after treatment

The data and the results of statistical analysis

are presented in Table-1 and Annexure 2.

When the insecticide-was applied @ 1.25¢g ai/
plant to the root zoné the highest absorption of 2.081
pem 3t 15 bAT Wwas observed in plants treated at 75 DaP.
The absorption was significantly lower in plants treated
at planting ané at 165 DAP (1.679 and 1.217 ppm)
respectively. At 30 DAT, the insecticide content in
plants treated at planting (3.176 ppm) came on par with the

plants treated at 75 DAP (3.016 ppm). In the plants



Table 1 Uptake, translocation and persistence of phorate applied at different doses at the
root zone and leaf axils of banana observed at different intervals after treatment

Treatments Total phorate content (ppm) in plant samples collected at
different intervals after treatment (days)
Site of Dose Time of
Application g ai/ Appli- 15 30 45 60 75 90 105 120

plant cation (DAP)

Root zone 1.25 0 - 1.679 3.176 7.502  9.750  5.450 2.337  0.302 ND
Root zone 1.25 75 ‘2.081 3.016 4,799 3.088 1.887 1,133 0.154 ND/
Root zone 1,25 165 1.217 2.439 2.085 1,416 0,997 0.054 ND ND
Root zone 2.50 0. 1.817 6,108 9.283 9,942 6.095 2.467 | 0.315 ND
Root zone 12,50 75 2.883 5.967 6.005 3.206 2.040 1.872 0,173 ND
Root zone 12.50 165 2,667 5.682 5.817 3.308 1.889 1.863 0.186 ND
Leaf axil 1,25 75 1.023 2.210  4.276 2,267 1.059  0,.316 ND ND
Leaf axil '1.25 165 0.846 2,188 2.079 1.043 0.092 ND ND ND
C.D. 0.332 0.375 0,354 0.603 1.104 0.284 NS -
DAP = Days after pianting

NS = Treatment effects not significant

ND = Non detectable
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treated at 165 DAP phorate content was significantly lower
(2.439 ppm) . The insecticide level was significantly
higher in plants treated at planting,in the observations
done at subsequent stages when compared to the treatments
given at 75 and 165 DAP. The insgéticide level in plants
treated at planting time reached the peak level of 9.750 ppm
at 60 days after treatment. The residues declined and
reaéhed non-detectable levels at 120 DAT. In plants‘treated
at 75 DAP, the peak level of 4.799 ppm was observed at 45 DAT,
after which the residues declined and reacﬁed non-detectable
levels at 120 DAT. The peak absorption of 2.439 ppm was
seen at 30 DAT in plants treated at 165 DAP. -Residues fell

to- non-detectable levels at 105 DAT in this treatment.

When the plants were treated@ 2 2.50g ai/plant, +the
highest level of 2.883 ppm was observed at 15 DAT in plants
treated at 75 DAP and it was on par with the content in
plants treated at 165 DAP (2.667 ppm). Phorate in plants
treated at planting was significantly low (1.817 prm)
at this stage. The insecticide content at 30 DAT showed
a steep increase in all the treatments. The rlants treated
at planting contained the highest residue level (6,108 prm)
which was on par with that of the plants treated at 75 DAP
(5.967 ppm). The lowest level of insecticide was observed

in plants treated at 165 DAP (5.682 ppm) . t was
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significantly lower than the content in plants treated
at the time of planting but was on rar with the level in

plants treated at 75 DaP.

The contents showed an increasing trend upto 60 DAT
in plants treated at planting time reaching highest level
of 9.942 prm after which it declined and reached non-detect-
able levels at 120 DAT. 1In Plants treated at 75 DAP the
highest residue level of 6.005 Prm was seen at 45 DAT. The
residues declined gradually and reached non-detectable levels
at 120 DAT. The residue levels were least in plants treated
at 165 DAP reaching peak level of 5.817 pom at 45 DAT. The
residue dissipated at a slower rate in this treatment and

reached non-detectable levels at 120 par,

When the plants were treated at two doses of 1.25 and
2.50g ai/plant at planting, the difference in levels of
insecticide at 15 DAT Qas not statistically significant.
Significantly higher levels of insecticide residues were
found in plants treated at the higher dose at 30 and 45 DAT
while the treatments at the two levels were on par at 60, 75,
90 and 105 DAT. The level : of residue observed at 30 DAT
with-the 2.5g dose was double but the difference was consider-

ably reduced at 45 DAT and was least from 60 DAT onwards.



When treated at 75 DAP, significantly higher
residue levels were obtained with higher dose at 15 DAT,
At 30 DAT the residue in plants treated at higher dose was
double of that observed at lower level. The difference
reached the level of 50 per cent at 45 DAT and the treat-

ments came on par at 60 DAT,

When treated at 165 DAP the residue levels obtained
with the higher dose of 2.50g ai/plant were around 100 per
- cent more than the residues obtained with 1.25g ai/plant in

all the observations. . |

When the insecticide was applied @ 1.25g ai/plant
in leaf axils at 75 and 165 DAP, the uptake was higher
(1.023 ppm) in the former treatment at 15 DAT. The content
continued to be higher in plants treated at the base at
75 DAP during the entire period of observation. The peak
residue level was seen at 45 DAT in plants treated at 75
DAP (4.276 ppm) and at 30 DAT in plants tfeated_at 165 DAP
(2.188 pprm). The insecticide residue persisted in plants
up to 90 DAT in the former while the residue reached non -

detectable levels at 90 DAT in the latter treatment.

4.1.2 Biocefficacy of phorate content of treated banana

plants against P. nigronervosa
The data on the corrected mortalites of P.

nigronervosa confined on treated plants, observed at different




intervals after treatment, were analysed statistically and

the results are presented in Table-2 and Appendix.3.

When applied @ 1.25g éi/plant at 75 and 165
DAP, at the root zone;highest mortaiity was observed at
15 DAT in plants treated at 75 DAP (49.3 per cent) and it
was followed by treatments done at 165 DAP and at planting,
the mortality being 27.9 and 13.60 per cent respectively.-
The differences were significant.l Though-the mortalites
showed an upward trend in all the treatments, the highest
mortality (93.55 per cent) was recorded in plants treated
at planting at 30 DAT. It was followed by treatments done
at 75 and 165 DAP., Peak mortality of 100 per cent was
seen at 45 DAT when the apﬁids were exrosed on plants treated
at planting. The highest mortalities of 87.80
and 70.2 per cent in plants treated at 75 and 165 DAP were
observed at 30 DAT, The persistence of the pesticide was
also similar in treatments done at planting and at 75 DaP,
whereas the residue came to non-detectable levels earlier

when treated at 165 DAP.

The mortality observed at 15 DAT with the increased
dose of 2.5g ai/plant was 58.65 per cent in treatment done at
75 DAP and it was on par with the mortality in plants
'treafed at 165 DAP (56.3 per cent) and both were significantly

higher than the mortality in plants treated at planting
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axils of banana, to P. nigronervosa observed at different intervals after treatment

Corrected mortalities of P. nigronervosa

Treatments P exposed on treated
Site Dose Time plants at different intervals after treatment (days) p T PT ORE
of g ai/ of
Appli- plant appli- 15 30 45 60 75 90 105
cation cation :
DAP
Root 1.25 0 13.60 93,55 100,00 100,00 89.05 29.50 3.30 - 105 61 6439
zone (22.61) (74.30) (90.00 (90.00) (71.09) (33.09) (10.50) ) .
Root 1,25 75 49,30 87.80 75.50 44,75 26,80 9.05 1.70 105 42 4423
zZone (44.60) (69.57) (60,32) (41.99) (31.19) (17.49) (7.49) :
Root 1,25 165 27.95 70,90 61.75 31.85 12.05 1.80 0.00 90 34 3095
zone (31.91) (57.35) (51.80) (34.36) (20.33) {7.71) (0.00)
Root 2.50 0 36.10 97.50 100.00 100.00 93.30 30.60 2.45 105 65 6899
zone (36.92) (80.94) (90.00) (90.00) (75.00) (33.59) (9.05)
Root 2.50 75 58.65 99,81 95.05 49,80 24,40 12,60 0.00 90 56 5105
zone (49.98) (87.51) (77.14) (45.88) (29.06) (20.81) (0.00)
Root 2.50 165 56.25 94,75 99,75 55.80 38.45 17.10 2.45 105 52 5468
zone (48.60) (76.73) (87.12) (48.34) (38.32) (24.42) (9.02)
Leaf 1.25% 75 14,95 76.40 71.60. 26.75 13.95 3.50 0.00 90 34 3107
axil (22.75) (60.93) (57.80) (31.11) (21.94) (10.96) (0.00)
Leaf 1.25 165 13,35 68,80 60,25 20.40 3.15 0,00 0.00 75 33 2489
axil (21.42) (56.04) (50.92) (26.84) (10.02) (0.00) (0.00)
E.D. C 737 5.91 8,46 3.29 8.15 10.41 NS - - -
Figures given in parentheses are transformed values (angles)

T =
PT =
ORE =

Period (days)
Average toxicity (per cent)
Persistent toxicity index

Order of relative efficacy

%



(36.1 per cent). At 30 DAT the mortalities in the three
treatments came on par. Highest mortality was seen at 45
DAT in treatments done at planting énd the mortalities
declined sharply between 75 and 90 DAT. The peak mortalities
observed in plants treated at 75 and 165 DAP were 99,8

and 99,7 respectively and these were Observed at 30 and

45 DAT respectively.. The mortality declined sharply between

45 and 60 DAT.

A comparison of mortalities obtained withithe two
doses of insecticide at pPlanting revealed that the differences
were significant in the Observations recorded at 15 and
30 DAT only. When applied at 75 DAP, significantly higher
mortalities were seen at 30, 45 and 60 DAT at the higher
dose (99.8, 95.1 and 49.8 rer cent) a$ compared to those
obtained at the lower dose (87.8, 75.5 and 44.8 per cent
respectively); IHowever,the increases in mortalities were not
proportional to the differenge between the doses of the
toxicant, When_applied at 165 Dap, significantly higher
mortalities were recorded with the higher dose throughout the

period of the experiment.

In leaf axil filling,differences in the mortalities
obtained in treatments done at 75 and.lGS DAP were not
significant at the early stages. The hortalities were
significantly higher in plants treated st 75 Dap in the

data recorded at 60, 75 and 90 DAT.



A comparison of the mortalities on élants
treated at root zone and leaf axil at 75 DAP revealed
that significantly higher mortalities occurred with root
zone application at 15, 30, 45 and 60 DAT, while the
differences were not significant at 75 andA9O DAT., Treat-
" ments done at 165 DAP alsc showed higher mortalities
with root zone application at 15, 30, 75 and 90 DAT than

with leaf axil filling.

Application of 1.25g ai/plant at root zone.at
planting gave an : average téxicity of 61.33 per cent as
comparsed to 42.13 and 34,38 per ceht respectively in treat-
ments done 7% and 165 DAP respectively. The PT indices show-
ing the persistent toxicity of insecticide were 6439.5,

4423,5 and 3094.,5 in the three treatments.

At the higher dose of the insecticide (2.50g9 ai/
plant) thé average toxicities were 65.71, 56.72 and 52.08
respectively in plants treated at 02,75 and 165 DAP. The
highest PT value (6899.3) was seen in treatment done at the
time of planting and it was followed by the tr=atment done
- at 163 (5468.3) and at 75 DAP (5404.7). The lowest average
toxicity (33.19) and PT index (2489.3) were seen in leaf

axil treatmenzs at .18% DAP.

4,1.3 Correlation between the CoOnitent of phorate in the plant

and the mortalities of P. nigronervosa

Each treatment in the experiment (8 treatments vide

Table - 1) was replicated six times and the residue content was
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éssessed at intervals of 15, 30, 45, 60 75 and 90 DAT. The

varying residue contents in the above thirty six observations

- . ,
and the corresponding mortal%gs were statistically corre-

lated. The results of statistical analysis of the data are
presented in'féble 2a. The highly significant positive
correlation indicated that the mortality of the test insect

was dependent on the insecticide residue content in the plant.

4,1.,4 Dose-mortality relationship between rhe total pnorate

content in the plant and the a&phid fed on the plant

.The residue content of total phorate in the plant had
peen estimated at six occasions (15, 30, 45, 60, 75 and 90 DAT)
after each application done at 0, 75 and 165 DAP. The insect-
icide was applied at two doses also. The absorption of the
insecticide in the plant varied considerably and the residue
content was not fuliy relzted to the dose_of zhe toxicant
applied tc the soil or the pericd after t;,reatmento The morta-
1ity cof the insect would be caused by the insecticide:content
of the plant only. Hence an attempt was made to study the
relaticnship between the inéecticide conteﬁt in the piant
and the mortalité of the test insect. For +rhis purpose, from
the basic data, the residue content in individual plants in
the eighteen treatments listgd in Table 2b weré rapulated
and the mortality recorded on the corresponding plants were
alsc noted. fhese were later rearranged in a descending scale.

Thus a graded series of doses of pesticide'content in plants

under each treatment and the mortalities caused by the



Table 2.a Correlation between the total phorate content (x)

in banana plant parts,

(from plants treatad with

insecticide at different intervals after planting),

collected at different intervals after treatment

(15, 30, 45, 60, 75 and 90 DAT) and the correspond-

ing mortalities of P. nigronervosa (y) exposed on

the plants

Site of
insecticide
application

Root zone

Root zone
'Root_zone
Root zone
Root zone

Root zone

Leaf axil

Leaf axil

Dose g
ai/plant

1.25
1.25
2.50
2.50

2.50

DAT

Dap

* %

Time of Correlation
treatment coefficient
DapP

0 0.7907 **
75 0.6228 **
%

165  0.8792
* 4%

0 0.8102
75 0.9427
. *x

165 0.9125
75 0.8206 "
165 0.9563 **

Days after treatment

Days after planting.

Significant at 1% level
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toxicant were obtained. These data were subjected to probit

anaiysis (Finney, 1962) and the LDS and LDy, values were

0
calculated from the regression equations. The results are

presented in Table 2b.

The data showed that the dosage of the total phorate

required for causing mortality of P. nigronervosa varied in

the observations recorded at different intervals after treat-
ment., These variations were not high upto 60 DAT. In the treat-
ments done at 0, 75, 165 DAP the LDy values upto 60 DAT .ranged
from 1.624 to 2,196, él179 to 2;711 and 1.921 to 2.603 ppm,
respectively. In the observations recorded at 75 and 90 DAT,

in the above treatments, the LD_, values were 3,506 and

50
3.359,.3.147 and 3.234, 3f239 and 3.614 ppm, respectively.

- The data alsc showed that the LD50 values relating
to the observations done at different intervals after the
treatments given at 0, 75, and 165 DAP, which were at widelj
varying growth stages of the plant, did not show significant
‘variations.‘_When" ébserv%tion's at "15_» DAT (appl—j.ée_ltio; at 0 y75
and 165 DAP)were made on 15, 90 and 180 day old plants, the
LDg, values relating to the above observations were 2.196
2.533 and 1.985 respectively. The same trend was seen in the
observations taken at subsequent intervals afﬁer treatment
also. The result indicated that the age of the plant was not
adversely affecting the toxicity of phorate residues in the
plant. The trends seen in the LD90 values were similar to

those of LDSO values,



The LDSO of the total phorate in the leaf

sheath upto 60 DAT ranged from 1. 624 to 2.625 ppm and. from
75 to 90 DAT the values ranged from 3.147 to 3.614. ppn.
The LD90 values ofnthe total phorate upto 60 DAT ranged
from 2.544 to 4.406 and from 75 to 90‘DAT, they ranged

from 4,201 to 5.464_1ppm,respectively.

— - - . e e e~ - —

4.1.5 Metabolism of phorate absorbed by banana plants

Data relating to the experiment are presented

in Table 3. .

When applied at the rate of 1.25g ai/plant.at
planting,the phorate content obtained at 15 DATA(O.965 ppm)
was almost on par with the content in pPlants treated at
75 DAT (0.863 ppm). But the content in plants treated at 165
DAT was very low (0.489 ppm) . The content increased in
plants treated at planting at a rapid rate reaching the
levels of 1.369, 2.986 and 3.009 ppm at 30, 45 and 60 DAT,
while in plants treated at 75 DAP the corresponding residues
were 1.286, 1.618 and 0.801 showing a less efficient
absorption and in treatment done at 165 DAT the residues were
0.932, 0.472 and 0.116 showing that the absorption was still
lesser with advancement of age. While the peak in the content
of phorate was seen . at 45 DAT in the first two treatments,
the peak was seen at 30 DAT in the third treatment. The

residue persisted upto 90 DAT in plants treated at planting,
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after planting and as observed at different intervals after treatment.

Treatments Contents of phérate/hetabolites (ppm) in samples colle:
Site of ' Dose Time ' at different intervals after treatment (days)
appli- g ai/ of . _ : :
cation plant appli- , 15 30 45 60 75 90 105
cation .
DAT
Root zone 1.25 0 Phorate - - 0.965 1.369 2.986 3.009 1.095 0.302 ND
Phorate sulfoxide 0.714 0.984 2,193  1.634 1.173 0.069 ND
Phorate sulfone ~ 'ND 0.596 1.879. 1.956 0.895 0.433 ND
Oxyphorate sulfoxide .ND 0.060 0.483 1.825 1.083 0.651 ND
nyphorate sul fone ND 0.203 o0.161 1.326 1.204 0.882 0.302
Root zone 1.25 75 Phorate 0.863 1.286 1,618 0.801 0.326 ND ND
Fhorate sulfoxide 0.657 0.755 0.837 0.772 0.842 0,239 ND
Phorate sulfone 0.087 0.286 0.748 0.625 0.347 0.128 ND
Oxyphorate sulfoxide 0.318 0.414 0.820 0.412 0.372 0.580 0.074
Oxyphorate sulfone ‘04156 0.275 1.376 0.478 ND 0.186 0.080
Root zone 1.25 165 Phorate 0.489 0.932 0,472 0.116 0.087 ND ND
- Phorate sulfoxide 0.343 0.845 0,785 0,515 0,132 ND ND
Phorate sulfone 0.237 0.348 0.348 0.407 0.286 ND ND
Oxyphorate sul foxide 0.087 0,200 0.262 0.160 ND ND ND
Oxyphorate sulfone 0.061 0,113 0.218 0.218 0.477 0.054 P ND
Root zone 2.50 0 Phorate ' ) 1.108 2.039 2,979 3.041 1.786 0.224 ND
. Phorate sulfoxide 0.409 1.222 1.425 1.697 1.106 0.353 ND
Phorate sulfone 0.169 1,336 1.407 1.997 0.995 0.662 0.318
Oxyphorate sulfoxide 0.131 0.708 1.870 2.683 1.064 0.597 ND
_ . Oxyphorate sulfone ND 0.803 1,557 2.221 1.184 0.631 nD
Root zone 2.50 75 Phorate 1.169 1.608 1.318 0.991 0.208 ND ND
Phofate sul foxide 0.808 1,450 1.302 0.548 0.786 0.530 ND
Phorate sulfone 0.206 0.988 1.046 0.920 0.446 0.510 ND
Oxyphorate sulfoxide 0.515 0.840 1.188 0.604 0.544 0.682 0.093
Oxyphorate sulfone 0.185 1.081 1,218 0.143 0.165 0.147 0.080
Root zone 2.50 165 Phorate 0.%06 1.492 1.908 0.887 0.538 ND ND
Phorate sulfoxide 0.887 1,438 1.667 0.917 0.549 0.530 ND
Phorate sulfone 0.285 0.942 0.198 0.320 0.336 0.510 0.106
Oxyphorate sulfoxide 0.238 0.733 1.020 0.361 ° 0.305 0.416 0.080
Oxyphorate sulfone 0.352 1,077 1,024 0.823 0.131 - 0.406 ND
Leaf axil 1.25 75 Phorate 0.132 1,062 0,872 0.636 0.187 0.041 ND
Phorate sulfoxide 0.269 0.286 0.727 0.812 . 0.497 ND MD
Phorate sulfone 0.430 0.604 0.820 0.408  0.110 0.037 ND
Oxyphorate sulfoxide 0.195 0.258 0.895 . 0.190 0.139 0,098 ND
Oxyphorate sulfone ND NDi 1.034 0.221 0.126 0.140 ND
Leaf axil 1.25 165 Phorate 0.255 0.565 0.605 0.481 D ND ND
Phorate.sulfoxide 0.321 0.678 0.619 0.420 0.092 . ND ND
Phorate sul fone 0.085° 0.397 0.205 0.108 ND ND ND
Oxyphorate sulfoxide 0.185 0,308 0,360 0.034 . ND ND ND
Oxyphorate sulfone' ND 0.240 0,290 ND ND ND ND

DAP : Days after planting
ND : Not Dectectable
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while in the other two treatments it reached zero level

during that period.

The only metabolite observed at 15 DAT, in plants
treated at planting (@ 2.50g ai/plant), was phorate sulfoxide
while in the other two treatments all the metabolites could
be detected. The éontent of the metabolites éhowed an
increase, parallel with that of phorate and reached the peak
at 60 DAT, but the drop in content was faster for phorate
sul foxide than for phorate during 60 to 75 DAT indicating that.
the absorption of the-toxicant from the soil had ceased during
-the period while the oxidation of the residue in the plant
was continuing. Same trend was seen with reference to thé
content of the phorate and its metabolite, phorate sulfbxide
when treated at 75 and 165 DAP. After reaching the peak,
the phorate content was falling while the phorate sulfo*ide
content was maintaining relétively higher levels in subseguent

observations.

Phorate sulfone was first detected at 30 DAT in plants
treated at planting (0.596 ppm) and it reached the peak at 60 |
DAT (1.956 ppm) and then declined from 75 to 90 DAT (0.433 ppm).
The content of this metabolite in pPlants treated at 75 DAP was
0.087 ppm at 15 DAT-énd in subsequent observations upto 45 DAT
the same trend as in the plants treated at plénting was seen.
But the content of phorate sulfone in the former treatment was

only half of the latter in observations from 75 DAT.
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Oxyphorate sulfoxide was also first detected at 30 DAT
and it reached the peak of 1,825 ppm at 60 DAT and declined
.to non=detectable level at 105 DAT, when treated at the time
of planting; When treated at 75 DAP,it was detected in the
assay @qne at 15 DAT but the quantity was only 0.318 ppm.

As in the case of the previous metabolites the content
increased and reached the peak at 45 DAT and then showed

a decline. But heres the content was found to increase again
at 90 DAT and the ressidue persisted even at 105 DAT-. When
treated at 165 DAP the residue showed z sudden increase from
0.087 to 2 prm between 15 and 30 DATland it reached the peak
of 2.26 ppm at 45 DAT. Then the decline wasg sudden z2nd the

residue became undetectable at 75 DAT.

Oxyphorate suifone which was first detected at 30 DAT
(0,06 ppm) increased to the peak of 1.326 ppm to 60 DAT
and it persisted upto 105 DAT in plants treated at the time
of planting. When treated at 75 DAP, 4he increésing trend
was seen upto 75 DAT and the residue ;ersiéted upte 105 DAT.
As in the case of other metabolites the content was lower in
the second treatment than in the first in all observations.
.When treated at 165 DAP;as in the case of 6xyphorate
sul foxide, there was a sudden increase in the content of the

residue between 15 and 30 DAT and the peak was obtained at 45 .

DAT. The content remained the same at 60 DAT and then showed
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a rise at 75 DAT and suddenly declined at 90 DAT and became

non detectable at 105 DAT.

With the increase in dosage of phorate from 1.25
to 2.5g ai/plant the influence of the time of applicatlon on

the absorption and translocation of the 1nseﬂt1c1de was seen
narrowed down. The rhorate confent at 15 DAT in plants
treated at 0, 75 and 165 DAP were 1.108, 1,169 and 0.906 ppm
respectively, at 30 DAT the residues were 2.039, 1.608 and
1.492 respectively and at 45 DAT residues weras 2.979, 1,318
and 1,208 ppm respectively, D1351Dat’on of the residue was
faater in later treatments than in the treatments done at
planting. In the former phorate became non-dstsct

rl t 90
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DAT while in the latter it reached the non .dets foli

9

i

only a2t 1085 ZaT.

Wnen treated at planting,the content of all the
tour metakolites rose gradually from 15 DAT and reached the
peak at 60 DAT, The dissipation occurred fully at 105 DAT
except in the case of phorate sulfone which showed some

persistence zt 105 DAT.

When treated at 75 DAP, the peak levels of all the
metapcolites were obse"ved at 45 DAT and the residues of
phorate sulfoxzae and phorate sul fone feached.10D detectable
levels at 105 DAT while the residues of oxyphorate sulfoxide
and oxyphorate sulfone persisted to the levals of 0.093 and

0.080 ppm respectively during the period.
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When treated at 165 DAP also, the metabolites reached
the peak at 45 DAT. The residues of phorate and oxyphorate

sulfone became undetectable at 105 DAT while the other two

metabolites persisted then. The content of the metabolites
also showed a narrowing trend with the advancement of the

age at which the treatments were made.

With the doubling of dosage of phorate)applied at the
time of planting’corresponding increase in the contant of
phorate or its metabolites were not cbserved in plants at
different intervals after treatment. When ‘treated at
planting the phorate content was higher with 2.5g ai/plant
dose at iS, 30 and 75 DAT only, At 15 DAT phorate sulfoxids
" was the qnly metabolite observed within tlants treatad at
planting @ 1.25g ai/plant while all metabolites @xcept
oxyphorate sulfoxide were detectad in plants treated with
2.5g ai/plant dose, Phoraté sulfoxide was at higher lewvel
lwith lower dose at 15 and 45 DAT and eve; after that the
content remained almost §h par at two levels. The content
of oxyphorate sulfoxide and oxyphorate sulfone were found
" at higher levels from 30 to 60 DAT in plants treated with
higher dose of phorate indicating a fastef metabolic rate in

b

Latter treatment, But at 75 and 90 DAT the differences

the

between the two doses were not maintained.
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When the treatment was done at 75 DAP also, the
content of phorate and its four metabolites, observed at
different intervals after treatment, did not show proport-

ionate increase with the doukling of dosage except in the case

of oxyphorate sulfoxide, obtained at 15, 30 and 45 DAT.

When applied at 165 DAP an increase in absorption
of phorate and a higher metabolism with the increased

dosage were obvious in the data. A longer persistence

of the metabqlites was observed in plants treated with 2.5qg
ai/plant of phorate than with 1.25g ai/plant and significant
quantities of phorate sulfone, oxyrhorate sulfoxide and
oxyphofate sul fone were detectea in the treatment with higher
dose at 90 DAT while tﬁese metakolites became undetectzable

at the lower dosage of the pesticide then. Same trené was

seen with oxyrhorate sulfoxide and oxyphorata sulfone at

3

105 DA

»

.

When applied at £he'leaf axil the treatment done
at 75 DaP resulted in the longer persistance of vhorate
content in plant than when a tlied at 165 DAP. Residues
were cetectable at 75 and 90 DAT in the former while it
came below detactable level in the latter during that
period; When the basal application and leaf axil fillings
were compared,the.former shgwed higher content of phorate
and all the metabolites at all intervals at which the

- samples were collected,



4,1,6 Percentage distribution of phorate and its
metabolites in banana plants trezated with the
insecticide at different intervals after
planting and as observed at different intervals

after treatment

The percentage of phorate:and its metabolites in
banana plantszs treated with the insecticide at different

intervals after planting are presented in Table - 4.

When treated at the time of planting, at 1.25g
ai/plant, percentage of phorate and phorate sulfoxide
in the plant showed a gradual decline from 15}DAT
(57.47 and 42.53 per cent respectively) to 90 DAT
(12.92 and 2.95 per cent) . Phorate sulfcne showed
an increase upto 4% DAT (0 to 22.30 per cent) and

gradually declined at 90 DAT (18.53 per cent).

Oxyphorate sulfoxide and oxyphorate sulfone, in generai,

manifested an increasing trend from 30 to 90 DAT.
Oxyphorate sulfone alone could be detzectzd at 105 DAT

for

and henca accountedA100 ver cent residue in the plant.

When applied at 75 DAP alsc the trend in the
percentage of phorate and phorate sulfoxide remained
the same as in the previous treatment. Percsntage of
phorate sulfone showed-an increasing trend upto 60 DAT
(4.18 to 20.24 per cent) and then declined at 90 DAT

(11.29 per cent). The percentages cof oxyphorate

1

86



able 4 Percehté@e distribution of phorate and its metabollites in banana plants treated with'the
insecticide at different intervals after planting and as observed at different intervals

-~ after treatment.

"TFeatments - Percentages of phorate/metabolites in samples collected at differenh intervals

1te of * Dose Time of _ - after treatment {(days).
pplication g ai/ . applica- ) 15 - 30 45 60 75 90 105

- plant tion DAT

oot zome © ©1.25 0  Phorate 57.47 43,10, 39.80 30.86 20,09 12.92 -

- ‘ Phorate sulfoxide 42.53  30.98 -29.23 16.76  21.52  2.95 -
\ ' Phorate sul fone - 18.77  22.38 20.06  16.42 18.53 -
Oxyphorate sulfoxide - 1.89 *6.44 18,72 19.87 27.86 | -
Oxyphorate sulfone - 6.39 2.15 13.60  22.09 37.74 100
Lot zone 1.25 75 Phorate 41.47- 42.64 21.21 25,94 17.28 - -
: : Phorate sulfoxide 31.57  25.03  17.44 23.38  44.62 21.09 -
| B Phorate sul fone 4.18 9.48+ 15.59 20.24  18.39  11.29 -
‘ I Oxyphorate sulfoxide 15.28 13,73 "17.09 13.34 19.71 51,19 48.05
} Oxyphorate sulfone 7.49 9.12" 28.67 © 15448 . 16.42 51.95
lot zone 1.25 165 Phorate 38.44 38.21 22.64 7.94 8,73 - -
F Phorate sul foxide 26.96 34.69 37.65  35.25 13.24 - -
| Phorate sulfone 18.63 14.27 . 16.6%  27.86 28.69 - -
Oxyphorate sulfoxide 6.84 .8.20 12.57  10.95 - - -
Oxyphorate sulfone 4,79 4,63 10.46 14.92 47.84 100 -
bot zone 2.50 0 Phorate - - 60.98 33.88 32.24  30.59 29.30 9.08 -
| : Phorate sulfoxide 22.51 20.31 15.42  17.07 18.15  14.31 -
| ' Phorate sulfone 9.30 22.20 15.23  20.09 16.32  26.83 100
| oxyphorate sulfoxide - 11.76.  20.24  26.98 17.46  24.20 -
i : ’ . Oxyphorate sulfone 7.21 13.34 16.85  22.34 19.43  25.58 -
Eo~ Sne - 2.50 75 Phorate 40.54 26,95 To21.m 30.42 9.69 - -
j Phorate sulfoxide 28.02 24.30 21.14  16.82 36.61  28.47 -
Phorate sulfone 7.15 16.56 17.23  28.25 20.77  27.24 -
| Oxyphorate sulfoxide 17.86 14.08 19.56 18.54 25.34  36.43 53.76
[ ] Oxyphorate sulfone 6.42 _  18.11 20.06 4.39 7.69 7.85 46.24
oot zone 2.50 165 Phorate . . 33.97 - 26.29 32.80 26.81 28.48 - -
' Phorate sulfoxide 33,26 25.31" 28.66 . 27.72 29,06  28.45 -
Phorate sulfone - 10.68  16.58 3.40 9.67 . 19.38  27.43 56.99
' Oxyphorate sulfoxide 8.9? 12.90 }7.53 10.91 16.14 22.33 43,01
! Oxyphorate sulfone 13.19 18.95 17.60 24.98 6.93 21.79 -
eaf axil 1.25 75 PHorate ' . 12.87 45.97 20.39  23.85 17.66  12.97 -
. ’ Phorate sul foxide 26.22 12.38 17.05  30.45 46.93 0 -
{ Fhorate sulfone . 41,91 26.15 19.18  15.29 10.39 11.71 . -
E Oxyphorate sulfoxide 19.01 11.17 20.93 7.12 ° 13,12 31.02 -
Cxyphorate sulfone - - 24.18 8.29 11,89 44.30 -
£ axil  1.25 165 ' Phorate 30.14 . 25.82 29.10 46.12 - - .
F( . Phoraté sulfoxide 37.94 30.99 29.77  40.26 100 - -
Phorate sulfone 10.05 18.14 9.86 10.35 - - -
Oxyphorate sulfoxide - 21.87 14.08 17.32 3.26 - - -

' Oxyphorate sulfone - 10.97 13.95 - - - -

DAT : Days after treatment



88

sulfoxide anaq oxyphorate sulfone did not show a definite
trend and both remained detectable upto 105 DAT and then their
presence was more or less same (48.05 and si.s5 per cent

respectively),

"When applied at 165 Dap, the:percentages of phorate
and phorate sulfoxide were comparatively lower than those
observed in treatmentsvdone at the time of-plantipg and at
75 Dap, In geﬂeral, the residues of phorate and phorate
sul foxide éhowed a declining trand upto 75 DAT (38.44 to
8.73 and 26,96 to 13.24 per csnt respectively) and became
non-detectable at 90 DAT. The percentages of the ramaining
metabolites, phorate sulfone, oxyphorate sul foxids and
oxyphorate sulfone., showed a broadly increasing trend in the

okservations made from 15 DAT to 90 DaT.

With an increase in the dosage from 1.28g a1l %o 2.5§
ai/plant the percentage of phorate and phorate sulfoxide
residues in the plant did not show Corresponding increase
in treatments done at the time of planting, 75 DAP and

165 DAP in all the observations recorded at 18 to 90 DAT,

When applied at the time of planting, at-1.25g ai/plant,
phorate sulfone wés first detected at 30 DaT (18.77 per cent),
wherszas in the higher dose 9.3 per cent of the residue content
was constituted by this metabelite at-15 DAT. The percentages
in the subsequent observations did not show noticeable dif-
ferencas between the two doses upto 75 DarT. However, at 90 DaAT -

the content was higher in plants treated with 2.5g ai/plant
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(26.83 per cent). With the increase in the dosage of phorate
. ' applied to the soil, the percentages of oxyphorate sul foxide
and oxyphorate sulfone residue in the plant showed a signif-

icant increase in most of the treatments and observations.

‘ The percentages of phofate ana phorate sul foxide

"ranged from 12.87 to 45.97 and from f2.38 to 46.93 respect-
ively, when the insecticide was appl;ed.in the leaf axils at
75 DAP, When applied at 165 pDAP, their percentageé ranged'
from 25.82 to 46.12 and 29.77 to 100 respectively. When .
apblied at 75 DAP; the percentages of phorate sulfone, oxy-
phorate sulfoxide and oxyphorate sulfone were comparatively
higher tham the percentages of these;hetabolites in the

treatment done at 165 DAP,

4.,1,7 Correlation between the content of phorate and its
metabolites in banana observed at different intervals
after treatment and the mortalities of P. nigronervosa

. at cofrespondidg periods and the results of path

coefficient analysis of data.

The relevant data and the results of statisﬁical

'analysis of the same are presented in Table-3 and rig-1.

When phorate was applied at the time of'planting at
;;oot zone @ 1.25g ai/plant, the correlation coefficient
' between phorate sulfone and the mortality of aphids (0.826)
.alone showed a positive and significant trend. The‘correia-

. tion coeffic@ents relating to the remaining factors were

: positive but not statistically significant;v
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Table 5 Correlations between the mortality of P. nigronervosa confined to treated plants at different
intervals after treatment and the contents of phorate and its metabolites observed at corres-
N ponding intervals, and the results of path coefficient analysis of the data.

Correlation
Treatments coefficient Direct and indirect effects of
between aphid

Site of  Doss Time of mOtealley ¥) ¢ Phorate sulfoside  suifone rate | rite.  mesi-
cation plant cation phorate and its sul fo- sul fone dual
DAT metabolites xide effect
} (x; to xg) (%4) (x,) (x4) (x,) (x5)
% .
Root zone 1,25 0 (x;) 0.7551 3,72232  -0.12109 ~0.77037  -2.41986 0.34320 0.0134
(x,) 0.7998 3.45916 -0,.13030 -0.70094 -1.66544 -0.16268
(x3) 0.8258* 3.35791  -0.10695 -0.85397 -3.84709  2.27590
(x,) 0.4648 1.68845 -0,04069 -0.61606 ~5.33281 4,76591
(xg) 0.2815 0.24344 0.00404 -0.37037 -4.84326 5,24764
Root zone 1.25 75 (x;) 0.9650**  1.24129 0.05738 0.01042 0.01165 =-0.35573 0.0181
(xz) 0.5737 0.80249 0.08876 0.01752 -0.06359 -0.27148
(x3) 0.3582 0.45257 0.05442 0.02657 0.48473 -0.66209
(x,) 0.1672 0.01701 -0.00664 0.01629 0.85010 -0.70956
(x;) 0.4846 0.53301 0.02909 0.02283 0.72811 -0.82844
Root zone 1.25 165 (x;) 0.8694* 0.19198 0.83308 -0.,11467 0.00570 -0.04669 0.0077
(x,) 0.9837**  0,15355 1.04161 ~0.20168 0.00840 -0.01818
(x3) 0.6526 0.08167 0.77934 . ~0.26955 0.00609  0.05507
(x,) 0.9228* 0.12506 1.00089 -0.18761 0.00874 =0.02427
(xg)=0.1715 -0.06470 -0.13666 -0.10715 -0,00153 ©0.13853
Root zone 2.50 0 (x;) 0.9359* 1.93188 -1.58302 1.00818 -1.82908 1.40789 0,0105
(x,) 0.9678**  1.84031 -1.66179 1.14351  -1.92425  1.56997
J__{ (x5) 0.8996% 1.60192 -1.56291 1.21585 -1.99901  1.64371
™~ (x,) 0.7540 1.59284 -1.44144 1.09560 -2.21841  1.72536
(xg) 0.7836 1.54551 -1.48248 1.13560 -2.17493 1.75986
Root zone 2.50 75 (x;) 0.9580%*  0.66573 0.17052 0.02924 0.03241 0.06060. 0.0061
(x,) 0.8845* 0.49107 0.23099 0.03041 0.05020 0.08182
) (x5) 0.6485 0.35058 0.12660 0.05548 0.05250 0.06334
(x,) 0.6599 0.30547 0.16432 0.04127 0.07057  0.07825

(x5) 0.8718*% 0.46353 0,21729 0.04040 0.06349 0.08658

Root zone 2.50 165 (xl) 0.9939%* 1.05113 ~0.05619 0.00207 -0.03364 0.03053 0.0104

(X2) 0.9683** 1.01507 -0.05818 0.01457 -0.03759 0.03443
(x3) 0.1249  0,02060 -0.00802 0.10572 -0.00603 0.01262
(x4) 0.7788 0.82682 -0.05114 0.01490 -0.04276 0.03099
(xs) 0.8104 0.82251 -0.,05135 0.03421 -0.03397 0.03901
Leaf axil 1.25 75 (xl) 0.9459** 0.87473 -0.04361 -0.37913 0.84788 " -0.35397 0.0001
(xz) 0.3509 0.42293 -0.09019 -0.23500 0.75955 -0.50639
(x3) 0.8771% 0.71859 -0.04593 ~-0.46151 1.20728 -~0.54134
(x4) 0.7179 0.49877 -0.04607 -0.37470 1.48698 -0.84708
(xS) 0.5076 0.34289 -0.05058 -0.27667 1.39494 -0.90298
Leaf axil 1.25 165 (xl) 0.8792% ~0.18701 0.58560 0.18225 -0.11694 0.41530 0.0042
(x2) 0.9427* -0.18174 0.60258 0.20103 -0.12858 0.44940
(x3) 0.9422* -0.15354 0.54571 0.,22199 -0.12030 0.44835
(x4) 0.9044* -0.14752 0.52263 0.18014 -0.14825 0.49740
(x5) 0.9480** _0,14125 0.49250 0.18101 . =0,13411 0.54985
* Significant at 5 per cent level. Under lined figures are direct effects.
** Significant at 1 per cent level. DAT : Days after treatment.




Path coefficient diagram showing the direct
and inéirect effects of phorate and its

metabolites on P. nigronervosa exposed to

treated banana plants at different intervals !

th

after treatment.
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The path coefficient analysis showed that the direét
~effect of phorate'on mortality in this treaément (3.72) was
positive and high. The association of the compound with the
mortality was caused by the positive indirect influences
through the other metabolites, phorate sulfoxide (0,93)
phoréte sulfone {(0.%0) oxypharaée sulfoxide (0.45) and
. oxyphorate sulfone (0.08). While.tﬁe association of
phorate sulfoxide with mortality was strongly positive,the
direct effect was found to be negative (-0.13). The
association was rendered positive through the highly rositive
and indirect effects through other factors,phorate (0.93),
phorate sulfone (0.82), oxyphorate sulfoxide (0.31) and
oxyphorate sulfone (0,03), Phorate sulfone exhibited
significant pesitive corrélation with the mortality. This
was rendered so through the indirect positive effects of
rhorate (0.90), rhorate sulfoxide (0.82), okyphorate sulfoxide
(0.72) and oxyphorate sulfone (0.43) even though its dirscs
effecz was low and negative (-0.854). The association of
exyrhorate sulfoxide with the mortality was positive sven
though the diract 2ffect of the metabolite was highly negative
(=5.333), This was obviously due to its positive indirect
effect through cxyvhorate sulfone (0.31), phorate sulfahef(097é),
phoratz (0.45) and phorate sulfoxide (0.31). The association

of oxyphorate sulfone with mortality was positive but weak.



| Though'the direct effect was positive and high (5.248),
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" ies indirect effects through oxyphorate sulfoxide (0.91),

- phorate sulfone (0.43), phorate (0.06) and phorate

sulfoxide (0.03) its association with mortality of aphids

i was weak., Though the correlation coefficients between
' the different factors and mortality had low statistical
. significance, the residual effect observed in path anelfsis
' was 0.0134'on1j showing that 98.7 per cent of the mortality

. was caused by phorate and metabolites in the plant.

In treatment done at 75 DAP (1. 25g ai/plant)

the correlation coefficient between phorate and mortality

. of aphids (0.965) was positive and highly significant, while

' the correlation coefficients relating fo other factors,

phorate sulfoxide, oxyphorate sulfone, phorate sul fone and

- oxyphorate sulfone (0.574, 0.485, 0.358 and 9.167 respect-

jI:l.vely)were positive but not statistically significant.

The direct effect of phorate on the mortality of

‘aphid in this treatment (1.24) was highly positive. The

association was rendered positive through the indirect

;effects of phorate sulfoxide (0.64), okyphorate-sulfone

' (0.43), phorate sulfone (0.36) and oxyphorate sulfoxide

(0.01), : The association of phorate sulfoxide with mortal-
ity was positive while the direct effect due to the metab-
olite on mortality (0 089) was low but' positive. The associa-

‘tion was rendered more positive by the indirect effects through
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_phorate (0.640), phorate sulfone (0.61) and oxyphorate
sulfone (0.32). The association of phorate sulfone with
mortality was low and positive (0.029). The'direct effect
of the metabolite on the mortality was positive but low
(0.027) . The indirect effects through other metabolites,
oxyphorate sulfone (0.80), phorate sulfoxide (0.61),
oxyphorate sulfoxide (0.57) and phorate (0.36) influenced
the mortality caused by the metabolite. The associaztion of
oxyphorate sulfoxide with mortality and its direct effects
on mortality were positive. The association was influenced
by the indirect effects through oxyphoraﬁe sulfone (0.36),
and phorate sulfone (0.57) to a larger extent and‘phorate
(0.01) to a smaller extent. The direcé effects of oxyvhorate
sul fone were negative (-0.83) while the association of the
metabolite with the mortality was positive. This was due o
the indirect positive influence through other factors,
.oxyphorate sulfoxide (0.86), phorate sulfone (0.80),
phorate (0.43) and phorate sulfoxide (0.32). The residual
effect observed in the path coefficient analysis in this
treatment was 0.0181 only, showing that 98,19 per cent
of the aphid mortality was caused by phorate and its

metakbolites in the plant tissues.

At 165 DAP (application to réot zone @ 1.25g) the
correlation coefficients between mortality and phorate

sulfoxide, oxyphorate sulfoxide and phorate were 0.984,
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0,923 and 0.869 respectively. These were positive and
significant while the correlation between the mortality
and phorate sulfone was positive but not statistically
significant (0.653). The correlation coefficient between
oxyphorate sulfone and ﬁhe mortality was negative but not
significant. The residual effect found in the'path
analysis was very low (0.00775 thus showing that the
mortality was caused by the combined effects of phorate

and metabolites,

The direct effect of phorate on mortality was
positive but low. The significant positive association
of the metabolite with mortality was due to the indirect
effects through phorate sulfone (0.80), oxyprhorate sulfoxide
(0.65) and phorate sulfone (0.43). The association of phorate
sulfoxide-with mortality was highly significant and positive.
The direct effect was also high and poéitive. The indirect
effects through phorate (0.80), phorate sulfone (0.75) and
oxyphorate sulfoxide (0.96) also influenced the association
of the metabolite with the mortality. The association of
phorate sulfone with the mortality was positive but not
significant. The direct effect of the metabolite was low and
negative. The association of the metabolite with the
mortality was rendered positive by the indirect effects

through phorate sulfoxide (0.75), oxyphorate sulfoxide (0.70),
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phorate (0.43’ and oxyphorate sulfone (0.40). The association
of'éxyphorate sulfpne with mortality was significant and
positive while the direct effect of the metabolite on the
association was low and positive. This enhancement of the
association with mortality was due to the positive indirect
effect ﬁhrough phorate sulfoxide (0.96), phorate (0.65) ang
phorate sulfone (0.70), The association of oxyphorate sulfone
with the mortality was negative but not significant, while the
direct effect of the metabolite was low and positive. ~The
association was rendered negative by the negative indirect‘
effects through other metabolites oxyphorate sulfox1de |

(=0.18), phorate sulfoxide (- 0.13), and phorate (-O 34),

When applied at ﬁhe root zone (2.50g ai/plant),ab
planting,the corralation coefficients between the content of
phoréte sulfoxide (0.968), phorate (0.936) and phorate sulfone
(0,899) and-mortaiitiés were significant and positive. The
correlation coefficient relating to oxyphofate sulfone (0,784)
and oxyrhorate sulfoxide (0.754) were also positive but not
significant. The residual path coefficient analysis was
only 0,.01905 in tﬁis treatment indicating that 98,95 per cent
mortality was brought about by phorate and its metabolites

in the plant tissue.

The direct effect of phorate on the mortality of

aphids in this trsatment (1.93 ) was high and positive. The
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association of the metabolite with the mortality was also
influenced by the indirect effects through the other
metakolites, phorate sulfoxide (0.95), phorate sulfone
(0.83), oxyphorate sulfoxide (0.83) and oxyphorate sulfone
(0.805. The direct effect of phorate sulfoxide on the
mortality was negative and high (-1.66) while the association
with mortality was significantly positive. This positivity
was due to the indirect effects of phorate (0.95), thorate
sulfone (0.94), oxyphorate sulfone (0.39) and oxyphorate
sulfoxide (0.87). The direct effect of phorate sulfone

on the mortality was high and positiwve (1.216). The
association was positive which resulted from the' indirect
effects of phorate sulfoxide (0.94), oxyphorate sul:Zone
(0.93), oxyphorate sulfoxide (0.90) and phorate ‘0.22). The
direct effect of oxyphorate sulfoxide was high and negative
while its association with mortality was high and cositive.
This positive association was by the strong and positive
indirect effects through oxyphorate sulfone (0.99), ph&rate
sul fone (0.90), phorate sulfoxide (0,875 and phorate (0.83)._
The direct effect on oxyphorate sulfone was positive (1.75),
Its association with mortality was also positive and high.
The indirect effects of metabolites which contributsd to this
association were oxyphorate sulfoxide*(0.99), phorate

sulfone (0.93), phorate sulfoxide (0.89) and phorate (0.80).
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When the higher dose was applied at 75 DAP,
the correlation eoefficients of phorate (0.958), phorate
sulfoxide (0.885) and oxyphorate sulfone (0.872) were
highly-positive and significant while coefficients relating
to the other metabolites (0.659 and 0.648) were also
positive but not significant. The residual in path

coefficient analysis was 0.0061 only.

Direct effect of phorate on mortality of aphid
in this treatment (0.665) was high and positive. The
association was also influenced by the indirect positive
effects through phorate sulfoxide (0.74), oxyphorate

sulfone (0.70),phorate sulfone (0.53) and oxXyphorate

I h

sul foxide (0.45). The direct effect of phorate-su; oxide
was low and positive (0.231) and  the correliation
coefficient was high and positive. The positive association
-0f the metabolite with the mortality was due to its highly
pPositive indirect effects through oxyphorate sulfone (0.94),
phorate (0.74), oxyphorate sulfoxide (0.71) and chorate
sulfone (0.55). The direct effect of phorate sulfone and

the association with mortality were positive. The association
of the metabolite with the mortality was also influenced by
the indirect positive effects thrbugh oxyprhorate sulfoxide

(0.74), oxyphorate sulfone: (0.73), phorate sulfoxide (0.55)

and phorate (0.53). The direct effect of oxyphorate
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sulfoxide on the mortality was positive (0.071) and. .

low while ‘the association was positive but not significant.
. . - B AR - ’

This was- the reéult of the indirect influence

'thrdugh other f?ctors, .éxybhorate sul fone (0;90)' phoréte
sulfone (0.74), phorate sulfoxide (0.71) and phorate (0.46).
The direct effect of oxyphorate sulfone was low.and Tositive
(0.087) while its association with mortality was significantly
high and positive. The association was influenced by the
indirect effects of phorate sul foxide {0.94), oxyphorats

sulfoxide (0.90), phorate sulfone (0.75) and phorate (0.,70).

At 165 DAP (2.50g ai/plant applied at the root zone)
the correlation coefficients of phorate (0.994) and phorate
sulfoxide (0.968) were positive and significant. The
coefficients for oxyphorate sul fone, oxvrhorate sulfoxide and
rhorate sulfone were 0.8104, 0,7788 and 0.1249 respectively.
The residual effect of 0.0104 obtained in the path coefficient
analysis showed that 98,76 per cent of mortality was caused

by the parent compound and its metabolities,

The direct effects of phorate (1.05) was positive
and high. The indirect effects through other metabolites,
phorate sulfoxide (0.97), oxyphorate sulfoxide (0.79),
oxyphorate sulfone (0.78) and phorate sulfone (0.02) also
influencad the relationship. The direc; efﬁect of phorate
sul foxide (-0.58) was low and negative while its association

Wwith mortality was highly significant and positive. This
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positivity was caused through the indirect effects of the
metabolite through phorate (0.97) oxyphorate sﬁlfoxide (0.88),
oxyphorate sulfone (0.88) and phorate sulfone (0.14), The
direct effect of phorate sulfone (0.106) was positive and

low. Its association with mortality wasalso rositive and low
The positivity was caused by its indirect effecté through
other metabolites, oxyphorate sulfone (0.32), phorate

sul foxide (oA.14), oxyphorate sulfoxide (0.14) and phecrate (0.02).,
Direct effect of phorate sulfone was low and rositive. The
association of the metabolite with mortality was hich

and positive. The indirect effects nave influenced the
associztion. The direct effect of oxyphorate sulfone was 10w
“and positive (0.04) while its association with mortality was
high and positive. The indirect effects through other
metabolites, phorate sulfoxide (0.38), xyphorata sulfoxide
(0.79), phorate (0.78) and phorate sulfone (0.32) rencerzd

the asso~clation more positive.

In leaf axil application at 75 DAT the correlation
coefficients of phorate (0.9498) and phorate sulfone (0.877)
were positive and significant while the correlation
coefficients oxyphorate sulfone (0.718) oxyphorate sulfone
(0.509) and phorate sulfoxide (0.351) with mortality were
not significant. The residual effect of 8.0001 observed

in the path coefficient analysis showed that 99.99 per cent
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of the mortality of aphids could be attributed to the
direct and indirect influences of phorate and metabolites

present in the plant.

The direct effect of phorate on the mortality

- was high (0.875). Its association with mortélity was

also positive and high. The indirect effects thrdugh other
metabolites, phorate sul fone (0.82), oxyphorate sulfoxide
(0.57), phorate sulfoxide (0.48) and oxyphorate sulfone
{0.3%Y zlso influénced the association. The direct effect
.0f phorate sulfoxide was low and negative while its
associztion with mortality was positive., Its indirect
effects throguh oxyphorate sulfone (0;56), oxyphorate
sulfoxide (0.51), phorate sulfone (0.51) and phorate (0.48)
rendered the asscciation positive. The direct effect of
phorate sulfone on the mortality of aphids was. .aegative
(=0.462) while its association with mortality was positive

nd si

m

'
8]

nificant. The positivizy was the result of indirect
P

nfluence through oxyphorate sulfone (0.50), phorate

-

(0.82) a2nd phorate sulfoxide (0.51). The direct effect of

oxyphorzte sulfoxide was high and positive (1.487)

U
3
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(W
ct
W
W

ssociatieon with mortality was also high andg
positive, The indirect effects through metabolites,

oxyphorate sulfone (0.94), phorate sulfone (0.81),
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phorate (0.57) and phofate sulfoxide (0.51) also
contributed to the association. The direct effect of
'oxyphorate sulfone was negative while the association with
mortality was positive. Its indirect effects throuch
oxyphoraté sul foxide (0,94), phorate sulfone (0.60),
phorate sulfoxide (0.56) and phorate (0.39) rendered the

association positive.

In the leaf axil application at 165 DAP the corre-
lation coefficients of oxyphorate sulfone (0.948), phorate
sulfoxide (0.943), phorate sulfone (0.942) and phorate (0.879)
were significant and positive. The residual effect (0. 0042)
obtained in path analysis was very low which suggested that

99.68 cer cent reliability.

The direct effect of phorate on mortalit ty was
negative (-0.187) while the association was rositive and ~
significant. The indirect effgcts of phorate sulfoxide
(0.97), phorate sulfone (0.82) oxyphorate sulfoxide (0.,79)
and oxyphorate sulfone (0.75) rendered the association
positive. The direét effect of phorate sulfoxide was positive
and high. The association with mortality was also high.
The associatibn was influenced by the indirect effects of
phorate (0.97), phorate sulfone (O. 91), oxyphorate sulfoxide
(0.87) and oxyphorate sulfone (0.82). The direct effect of

phorate sulfone was positive (0.72). The association with
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mortaliﬁy was significant. This was rendered positive

by the indirect effects of phorate sulfoxide (0.91), phorate
(0.82), oxyphorate sulfone (0.82) and oxyphorate sulfoxide
(0.81). The direct effect of oxyphorate sulfoxide was negative
and low (-0.148). The indirect effects through oxyphorate
sulfone (0.90), phorate sulfoxide (0.87), phorate sulfone
(0.81) and phorate (0.79) contributed to the positive asso-
ciation with mortality. The direct effect of oxyphorate
sulfone was positive (0.549) and the association with
mortality was also positive and significant. The indirect
effects of oxyphorate sulfoxide (0.90) phorate sulfone (0.82),
phorate sulfoxide (0.82) and phorate (0.75) also influenced

its association with the mortality.

N

4,2 Persistent toxicitv of phorate in banana plants
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ant growth stages of the crop

and the residues of chorate in harvested banarna fruits

4.2.1 Persistent toxicity
The data relating to the experiment and resul<s

of statistical analysis of the same are bresented in

Table~6, Appendix-4 and Fig-2.

At 3 DAT the highest mortality of 38.70 per cent
was observed in piants treated at 30 DAP ... - ..
and it was followed by the mortalities in treatment done at

60, 90 and 120 DAP (27.5 to 31,7 per cent). The mortalities
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Téble 6 Absorpt{_J énd translocation of éﬁoféték(@.QLSg éz/plant applied at root zd” J in
banana treated at different growth stages of the crop
Time Corrected per ceﬁt mortalities of P. nigronervosa exposed to treated
of plants at different intervals after treatment (days) p B PT ORE
treat- :
ment 3 10 17 24 31 45 60 S0 .
(DAP)
0] 0.00 0.00 8.10 68,40 90,80 20.80 96.40 - 38.10 90 67.4 6063
(0.00) (0.00) (16.56) (55.78) (72.37) (72.37) (85.55) (38.12)
30 38.70 58.50 59.35 71.10 92.40 93.50 66.25 30.30 90 64,4 5795
(38.45) (49.89) (50.39) (57.47) (74.02) (82.91) (53.48) (34.39)
60 27.50 30.45 61.10 59.80 91.60 77.90 52,00 26.80 - 90 53.4 4805
(31.61) (33.48) (51.42) (50.65) (73.16) (61.97) (46.14) (31.19)
90 27.70 33.30 56,60 60.60 91.30 57.50 32.30 12.10 90 46.4 4178
(31.76) (35.24) (48,77) (51,13) (72.82) (49.32) (34.64) (20.38)
120 28.90 32,50 56.25 60.60 68,30 36,35 36,00 13.60 90 41.5 3739
(32.54) (34.24) (48.59) (51.12) (55.71) (37.09) (36.86) (12.65)
150 12.15 40.10 58.80 62,50 47.00 14.80 11.00 10.60 9C 31.1 2891
, (20.39) (39.30) (50.06) (52.23) (43.26) (22.65) (19.36) (19.01)
180 1.90 30.60 30.75 38,35 36.25 23,00 23.10 4.30 90 23.5 2118
(9.78) (33.58) (33.68) (38.26) (37.02) . (28.65) (28.74) (11.94)
210 0.00 10.65 29.10 35.80 31.60 31.00 6,00 4,15) 90 21.2 1907
(0.00) (19.06) (32.66) (36.77) (34.20) (33.83) (14.20) (11.74) '
C.D. 7.38 5.38 6.53 8.50 9.26 7.20 9.29 9.21
Figures given in parentheses are transformed values (angles)

P = Period (days)

T = Average toxicity (per cent)

PT = Persistent toxicity index
ORE = Order of relative efficacy



Persistent toxicity of phorate in
banana plants, when treated at
different growth stages of the crop,
to the last instar nymph of

P. nigronervosa.
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in these treatments were statistically on par, On 'plants
treated at 150 DAP, the mortality was significantly lower
(12. 15 per cent), Plants treated at 180 and 210 DAP

. showed mortalities of 1.90 and 0.0 per cent respectively.

At. 10 DAT the highest mortality (58.5'per'cent)
was observed in plants treated at 30 DAP which was signi=-
ficantly higher than the mortalities observed in other
treatments. The mortalities recorded in treatments done
at 60, 90, 120, 150 and 180 DAP came on rar wnile the treat-
ment at 210 DAP continued to give low morfality (10.65 per
cent). No mortality was observed on plants treated at

the time of planting.

At 17 DAT the mortalities recorded on olants treated
ar 30, 60, $0, 120 and iSO DAP came on par (56.80 to 59,35
per cent]} while the mortalities on plants treated at 180 and 210
DAP were significantly lower (30.75 and 29.10 per cent res-—
pectively) . Mortalitf on plants treated at planting was the

lowest (8.10 per cent).

At 24 DA?,however,a steep increase in morﬁality was
noticed in plants treated at the time of planting (68.40 per
cent) and those in plants treated at different intervals
upto 1350 DAP came on par. Low mortalities were found in plants
trééted at 180 and 210 DAP (38.26 and 36.77 per cent

respectively),
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At 31 DAT mortalities recorded in plants treated
at 0, 30, 60 and 90 DAP were high and on par (90.80 to
92.60 per cent) and these were significantly higher than
the mortalities observed on plants treated at 120, 150, 180
and 210 DAP. The mortalities obtalned on plants treated
at 150, 180 and 210 days after planting were on par and
very low (31.6 to 47 per cent). At 45 DAT highest mortality
(99.39 per cent) was seen in plants treated at Dlanting and
it was closely followed by plants treated at 30 DAD
(93.5 ). The mortalltles in treatments done at 60, 90
and 120 DAP (77.9, 57.5 and 36.35 respectively) were
significantly differing among themselves. In the remaining

treatments the mortalities ranged from 14 to 31 per cent onlvy,.

At 50 DAT the mortality in plants treated at planting
ramained the highest (95.40) while the mortalities reached

below £0 per cent in treatments done at %0 and 210 Dap.

At 90 DAT the plants treated at 0, 30 and 60 DAP
came on par (26.8 to 38,1 per cent) and the remaining treate
ments were on par and significantly inferior (4.15 to 13.6

per cent).,

A comparison of the average toxicity (T) and persis-
tent toxicity indices (P T) of the treatments revealed that

highest pérsistent toxicity (6063-PT value) was found in
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plants treated at planting. The PT index relating to the
treatment done at 30 DAP also came very close to it (5795).
Then the response fell in almost linear scale and in treat-

ments done at 210 DAP the PT index was very low (1907).
4,2.2 Terminal residues in fruits.

The data relating to the residues are presented in

Table 7.

Phorate residues (total) in raw and ripe fruits
obtained from plants treated at 0, 30, 60, S0 and 120 days
after planting'were below detectable levels. The'mean
residue levels in fruits obtained from'plants treated at
150, 180 and 210 DAP were 0.048, 0,128 and 0,225 ppm
respectively. When ripe fruits had residues 0.27 and
0.197 ppm in treatments in which'the insecticide was

applied at 180 and 210 DAP respectively.

4,3 The effect of seasons on the uptake, translocation

and persistence of vhorate and its bicefficacy

against P. nigronervosa

4,3.1 Effect of seasons on the uptake and persistence.

The data relating to the study were analysed
satistically and are presented in Table 8, Fig. 3 and

Appvendix 5.

Significant effects of seasons on the absorption

and persistence of insecticide inthe plants were observed



Table 7 Terminal residues of phorate in harvested
fruits when applied @ 2.5g ai/plant at
the root zone at different growth stages
of the crop

Phorate residues (ppm) in
Time of
treatment mature gnripe .
(DAD) fruits fruits
(at harvest) (at 10 DaH)
0] ND ND
30 ‘ND ND
60 ND ND
90 ND ND
120 ND ND
150 D.048 0.0
180 0.128. 0.97
210 0.225 0.197
DAH = Days after harvest
DAP = Days after planting
ND = Non detectable level



Table 8 Uptake, translocation and persistence of phorate applied at the root zone

of banana in the rainy and summer seasons

Residues of phorate (ppm) in the plant samples collected at:

different intervals after treatment (days)

Treatments Dose 15 30 . 45 60 75 S0 105 120

g ai/
plant

Rainy Season

Phorate , 1.25 1,79 4,87 7.10 4.11 3.81 1.32 0.61 0.33
Phorate 2.50 2.03 5.99 . 8,68 7.97 5.37 1.88 0.43 0.31
Mean : 1.91 5.43 7.89 6.04 4,59 1.50 0.52 0.32

Summar Season

Phorate - 1.25 1.90 4,49 7.39 6.84 5 51 1.49 0.60 0.30

Phorate: 2.50 1.89 6.50 8,39 9.71 8.81 3.41 0.78 0«55
Mean 1.90 5.49 7.89 8.28 7.16 = 2.45 0.69 0.42
C.D. for comparing seasons NS NS NS 0.82 0.97 0.53 NS NS

C.D. for comparing doses . _ :
within season NS 1.58 1.28 1.15 1.37 NS NS NS

Residues reached non detectable levels in all the treatments at 135 DAT



Fig

3

Phorate content in banana plants,

treated

with the insecticide in rainy and summer

seasons, observed at different intervals

after treatment and the mortality of

P. nigronervosa exposed on the plants

corresponding intervals.

A. data relating to rainy season =

phorate applied @ 1.25g

phorate applied @ 2.50g

C. data relating to summer
phorate appiied @ 1.25g
D. data relating to summer

phorate applied @ 2.50g

ai/plant.

‘B. data reléting to rainy season -

ai/plant.

season -~
ai/plant.
season -

ai/plant.
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at 60, 75 and 90 bAT. The mean insecticide contents in
summer season at the above periods (8,28, 7.18 and 2.45 Drm
regspectively) were significantly higher than the correspond.-
ing insecticide contents in rainy season (6.04, 4,%9 and
1.50). Though the mean residues were higher in summer
months at 105 and 120 DAT, than in rainy season the
variations were not statistically significant. At the
initial Sstages of absorption (15, 30 and 45 DAT) the

mean insecticide contents wers not varying in the two

Seasons.

The increase in the content of total phorate in
the leaf sheath, caused by the enhancement of the dose of
insecticide from 1.25g ai/plant to 2.5¢ ai/plant, showed
significant difference at 45 {(from 7.1 o 8,68 rpmj}, 60
(4,11 o 7.57) and 75 (3.31 Lo 3.37) days aftér the trezatment
during the raihy season. In summer season such significant

differences were observed at 30 (4.49 to 5,50 ppm) 60

(6.8 to 9,71) ang 7

n

(3.51 to 8.81) days after trszatment.
In the last phase (90 to 120 DAP) slightly higher contant
of the insecticide were found in plants with the higher
doses of insecticides: but the variations in the

data were not Statistically significant.
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4.3,2 Persistent toxicity of phorztz to P, nigronervosa

in the rainy and summer seascns

The data relating to the mortality of P. nigronervosa

confined on the plants at different intervals after tres¢-
ment anc the results of statistical analysis of the same

are presented in Table 9, Fig. 3 and Appendix 6,

the insecticide content Observed

Fh

The bicefficacy o

in plants in the two seasons showed highly significant
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15 and 30 DAT the mean mortality observed in
the summer months (21.05 and 785 per cent respectively) 43did

not show significant variations from the corresronding

ortalities in the rainy szeason (20.4 andg 78.65). The mean

5 -

mortaiities observad in the rainy seascn at 45 paT (85,75
per cent), 60 DAT (83.0), 75 DaT ( 45.2), 90 DAT (11.20) and

105 DAT (1.40) were sicnificanti- higher than the mean
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mortzlities observed in corrssponding periods afiter creztment
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The persistancs (P) of the insecticidal effect of the
residues was upto 90 DAT in rainy season while it extendad

05 DAT in the summer season (vide Table 8).

(BN

upto

The average toxicity (T) worked out for the rainy
and summer months relating to the doses 0of 1,25 kg ai/plant
were 37,4 and 40,9 .per cant respectively and the corresronding
values for the dose of 2.59 ai/plant were 50.7 and 55,2

respectively



Table 9 Persistent toxicity of phorate applied at the root: zone of banana, in the rainy and

summer

season,to P. nigronervosa

-+

¥

Corrected mortalities (Per cent) of P. nigronervosa,

Treatments Dose exposed on treated plants at different intervals after
g ai/ treatment (days) . p T PT ORE
plant 15 30 45 60 75 90 105 '
Rainy Season
Phorate 1.25 14.75 63.30 81,55 35.60 25.95 3.40 0.00 90 37.4 3368 4
(22.60) (52,63) (64.55) (36.62) (30.61) (10.65) (0.00)
Phorate 2.50 . 28.10 90.50 94,55 50.60 37.45 2.95 0.00 90 50.7 4561 2
(32.02) (72,03) (76.51) (45.33) (37.73) ,(9,91) (0.00)
Mean 21.05 78.50 ‘88.90 43,00 31,55 3.20 0.00
(27.31) (62.38) (70.53) (40.97) (34.17) (10.28) (0.00)
Summer Season
Phorate 1.25 22.00 75.90 88.50 65.80 28.40 = 5.45 0.36 105 40.9 4296 3
(27.95) (60.62) (70.17) (54.20) (32.19) (13.63) (3.42) .
Phorate 2.50 18.90 81.25 99,52 95.05 70.10 18.45 3,10 I'05 55.2 b795 1
(25.78) (64.33) (86.07) (77.12) (56.86) (25.44) (10.14)
Mean 20.40 78.65 95,75 83.00 49,20 11.20 1.40
(26.87) (62.47) (78.12) (65.67) (44.53) 19.53) (6.78)
C.D. seasons NS NS 4.89 3.08 2.86 4.47 4,07
C.D. interaction 3.86 NS 4,36 3.23 6.32 Ng

Figures given in parentheses are transforméd values (angles)
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The‘persistent toxicity of the lower dose (1.25g
ai/plant) of phorate, in rainy season, was lower (PT indax
3368) than that of the summer season (4296). When treated
with phorate at 2.5g ai/plant the PT indices relating to

the rainy and summer months were 4561 and 5795 raspectively.

iy

- .
ferant

4.4 Metabolism and verzistence of nhorate in di

+vnes of soil and the - absorption, translocation,

metabolism and vnersistegnce of vhorats in banana

nlants grown in tresated soils
4,4.1 Persistence and metabolism of phorate in nlants
4,4.1,1 Zffect of soils on content of phorate and metznolites

in plants

Data relating to the aspect and results of
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tical analysis of the same are presented in Table

t

Total Phorata: The content observed at seven and 12
DAT showed variations among the plants grown in different
soil types. The highest level of residues (1.33 and 5.42 ppm)
wera seen in Jlateritic low land soil and it was folicwed
by lateritic upland (1.05 and 3.31), black cotton (0.61 and

3,30) and sandy (0.56 and 2.04) soils,

. )
In the plants grown in all the four tyres of soil,

the totzl residues were remaining high from 30 to 60 DAT.

~

They were in the higher range in plants grown in sandy soil



Table 10 Céntents of phorate and its metébolites in barana plants, treated with insecticide
at 2.5g a% planting, as observed at different intervals after treatment in

'difﬁerent soils.

Residues of phorate and metabolites (ppm) in leaf sheaths observed c.p.
Insecticide/ at different intervals after treatment (days) (P=0.05)
Metabolite - 15 30 45 60 75 90 105 120 135 =0.

Sandy soil
Phorate 0.339 0.795 5.246 6.533 3.220 0.303 0.155 0.315 ND ND 0.848
Phorate .
sul foxide + 0.158 0.934 2.894 3.393 3,150 0.947 0.671 _0.114 _ND ND 1.422
Phorate . .
sul fone. 0.067 0.191 1.430 1.827 2.302 0.947 0.682 0.274 ND ~ ND 0.679
Oxyphorate
sul foxide ND ND 0.556 0.806 1.548 0.642 0.311 0.224 ND ND 0.741
Oxyphorate
sul fone ND 0.119 0.567 1.211 0.117 1.023 0.252 0.235 0.042 ND 0.702
Total 0.564 2.038 10.692 13,771 10.336 3.857 2.071 1.162 0.042 ND -
Lateritie low land
Phorate 0.839 1.631 2.179 3.379 2.031 2.478 0.655 0.131 0.063 ND 0.831
Phorate . : ’
sul foxide 0.328 1.474 2,162 3.921 3.604 2.424 1.951 0.440 0.158 ND 0.860
Phorate
sul fone 0.227 0.667 1.212 1.816 1.493 1,560 1.748 1.119 0.209 ND 0.482
Oxyphorate :
sul foxide 0.132 0.763 2.238 0.609 1.681 1.302 2.077 0.995 0.249 0.035 1,015
Oxyphorate ’ .
sul fone ND 0.880 . 1.451 2,321 2.598 2,179 1.792 0.584 0.339 0.021 0.976
Total 1,526 5.421 9.242 12,045 11.408 10.043 8.223 3.270 1.018 0.056 -
Lateritic upland
Phorate 0.552 1.436 3.212 2.097 2.394 0.241 0.200 0.074 0.051 ND 0.482
Phorate .
sul foxide 0.344 0.822 1.102 3.773 3.674 1.125 0.747 0.233 0.110 ND 0.844
Phorate
sul fone 0.129 0.464 1.322 3.041 1.632 1.746 1.009 0.319 0.311 ND 0.775
Oxyphorate
sul foxide 0.023 0.219 0.882 0.524 1.065 0.670 1,099 0.478 0.061 0.036 0.638
Oxyphorate - .
sulfone : ND 0.370 0.514 0.648 0.643 0.908 1.349 0.123° 0.087 0.036 0.587
Total 1.047 3.311 7.032 10.083 9.408 4,690 4,405 1.226 0.620 0.072 -
' Black cotton soil

Phorate . 0.490 1.683 1.343 1.025 0.555 0.489 0.087 0.102 0.072 ND 0.719
Phorate .
sul foxide 0.120 0.815 2.305 2.770 1.633 1.429 0.426 0.389 0.180 0.103 0.673
Phorate . . -
sul fone ND 0.561 2.10s 1.348 1.017 0.879 0.811 0.563 0.286 ND 0.973
)xyphorate .
sul foxide ND 0.143° 0.766 0.329 1.222 1.209 0.961 0.795 0.506 0.049 0.934
)Xyphorate . ”
sul fone ND n.093 0.594 0.425 0.450 1.100 0.984 0.668 0.456 ND 0.800

Total 0.610 3.295 7.113 5.909 .4.877 5.086 3.269 2.517 1.500 0.150 -




Fig 4 Persistence and metabolism of phorate in
banana plants grown in different types of
soil and treated with the insecticide

@ 2.5g ai/plant at the time of planting.
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(10.69 to 13.7 ppm) followed by those of lateritic low land
(9.24 to 12.05), lateritic upland (9.03 to 10.08) and black

gotton (4.88 to 7.11) soils.,

The dissipation of the residues in plants grown in
sandy soil occurred abruptly at 75 DAT (from 10,34 ppm at
60 DAT to 3.86 ppm at 75 DAT) and reached non-detectable
levels at 135 DAT. In all the observations from 75 DAT,
the least residue content was seen in plants grown in sandy
soil. From 75 DAT to 105 DAT the highest residué was
observed in plants grown in lateritic low land soil (3.27
to 10.04 ppm) and it was followed by the plants raised in

black cotton (2,52 to 5.,09) and lateritic upland (1.23 to
4,.69) soils,
Based on the LD;, values (vide para 4.1.4 and

Table 2b) the period upto which the residues are likely to

give significant kill of P. nigronervosa . in the plaﬁts

grown in sandy, lateritic low land, lateritic upland and
black cotton soils may be presumed as 75, 105, 90 and 105

DAT respeétively.

Phorate content: The data relating to the phorate
content also showed the lowest level in plants grown in
sandy soil at seven and 15 DAT, At seven DAT the highest

residue was in plants grown in lateritic low land (0.84 ppm)

and it was followed by that of the plants grown in
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lateritic upland (0.55 ppm) and black cotton (0.49 ppm)
‘sqils. At 15 DAT the phorate content in plants grown in
lateritic wupland, lateritic low land and black cotton
soils did not show significant variations (1.44 to 1.68 ppm), .
During the active absorption phase (30 to 60/75 DAT), the
residue content of phorate was in the ﬁigher range in plants
. grown in sandy soil (3,22 to 6.53 ppm). It was followed
by the residues in plants/grown in lateritic low land (2.03
to 3.38Y, lateritic upland {(2.10 to 3.21) and black cotton
(0.56 to 1.34) soils. A drastic fall in phorate content
was observed at 60 DAT in plants grown in sandy and léteritic
upland soils and at 75 DAT in the plants grown in the other
two types of soil. 1In plants of sandy soil residue reached
-non-detectable level at 120 DAT énd‘in the plants grown in
all other types of éoil it became non-detectable in samples

collected at 135 DAT only.

Phorate sulfoxide: It could be detected in all thé
t;eatments at seven DAT and the content showed a variation
ranging from 1.12 to 1,47 ppm. But no definite trend was
noted in the observations af seven and 15 DAT. During the
active absorption phase (30 to 60 DAT), the content of
phorate sulfoxide in plants grown in sandy (2.39 to 3.15 ppm),
lateritic low land (2.16 to 3.92) and lateritic ﬁpland (1.10
to 3.77) soils did not show wide variations. But in the

plants grown in black cotton soil the residues were relatively
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lower (1.633 to 2.77 ppm only), The fall in the content

of phorate sulfoxide in plants grown in sandy soil between
60 and 75 DAT (from 3.15 to 0.95) was very éharp and it was
' same in lateritic upland also (3.67 to 1.13), In the other
two treatments, the dissipafion of the residue was gradual
from 60 to 120 DAT. 1In plants grown in sandy soil the
residue reached the non-detectable level at 120 DAT, while
in all other treatments the non-detectable level was reached
only at 135 DAT. Phorate sulfoxide also was less in plants
grown in sandy soil gt.the eariy stage (upto 15 DAT) and it
was higher in plants grown in lateritic low land. In black
cotton soil the plants did not show the residue at seven DAT
but at 15 DAT it came up (0.56 ppm) near to that of the plants

grown in lateritic upland soil (0.64 ppm).

Phorate sulfone: 1Its content remained high in plants
gfown in andy soil from 30 to 60 DAT and -suddenly declined
(from 2.30 to 0.95 ppm) and becamewnonfdetectable at 120 DarT.

A similar abrupt dissipation was noted in élants grown in
iatéritic upland and lateritic low land soils also at 90 DAT
and in both non-detectable level was reached at 135 DAT. In the
plants grown.in black cotton soil the residue content reached
the peak at 60 DAT but the reduction in the content was gradual

upto 120 DAT and it became non-detectable at 135 DAT,

Oxyphorate sulfoxide: The content was highest in

plants grown in lateritic low land soil at seven and 15 DAT
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and it was followed by the content in plants grown in

lateritic upland. It was non-detectable in plants grown in

sandy soil at seven and 15 DAT while in plapts grown in

black cotton soil the residue was non-detectable at seven

DAT and slight (0.14 ppm) at-15 DAT. The levels of all residues
showed a sharp decline at 60 DAT in planté grown in sandy,
lateritic low land and lateritic upland soils. Plants in sandy.
soil lost the residue faster and the residue became non-detectablé
at 120 DAT. 1In the othef treatments the decline in residue
‘content from 60 to 135 DAT was gradual‘and the residue did not

reach non-detectable level upto 135 DAT.

Oxyphbrate sul fone: This metabolite was not detectable
in any treatment at seven DAT. At i5 DAT it was present in
.plants grown in black cotton and sandy soils (0,09 and 0.12 ppm).
The higher levels were seen in plants grown in lateritic low
land (0.88 ppm) followed by the content iﬁ lateritic upland
(0.37 ppm). The peak in oxyphorate sul fone content in plants
grown in sandy soil was observed at 75 DAT and in the rehaining
treatments the peak was obsefved at 90 DAT. In'plaﬁts grown in
sandy and black cotton soils the residue reached non—detectable
level at 135 DAT while in the lateritic low land and upland
soils the plants showed traces of the residue (0,02 and 0.04

ppm) even :at 135 DAT. .
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As seen clearly from Fig, 4, the absorption of
phorate was high in plants grown in sandy soil upto 60 DAT
but the levels of phorate suddenly declined and remained in-
effective from 90 to 135 DAT. The absorption of phorate
upto 60 DAT was more or less similar in plants grownlin
lateritic upland and lateritic low land soils. But the
persistance of the metabolites was significantly higher in
the latter treatment. The phorate contents in plants grown
in black cotton soil were comparatively low. The residue
levels of the metaboliﬁe reached the peak earlier but dissipated
gradually. With reference to the content of the other
metabolites in plants lateritic low land soil appeared to be
more favourable for their absorption and retention. It was
followed by lateritic upland and black cotton soil. The
content was getting reduced at more rapid rate in plants

grown in sandy soil.

4.4.1.2 Percéntage of phorate and its metabolites in the

total residue content in plants

The percentages of phorate and its metabolites in
banana plants observed at different intervals after treatment
are presented in Table 11. Tﬁe results clearly showed that
.the phoréte content was rélatively higher upto 60 DAT in plants
grown in éandy soil (31.5 to 60.11 per cent). In plants grown
in lateritic low land and lateritic uplaqd soils the ranges

in percentages of phorate were almost the same during the period



e 11 Percentage distribution of phorate and its metabolites in banana plants, treated ﬂith the

insecticide at 2.5g ai/plant at planting, as observed at different intervals after:

treatment.
Percentage of phorate and metabolites'(ppm) in leaf sheaths observed ag
cticide/ different intervals after treatment (days) L
bolite 7. 15° 30 . 45 60 75 90 105 © 120 135
. . Sandy soi%
ate 60.11 39.01 49.06 47.44 31.15 7.86 7.48 27.11 - -
ate sulfoxide 28.01 45,83 27.06 24.64  30.48 ' 24.55 32,39 9.81 - -
ate sulfone  11.88 9.37 13.37 13.27 22.27 24.55 32,93 23.56 - -
horate sulfoxide - - 5.20 5.85 14.98 16.65 15.02 19.93 - -
horate sulfone . 5.84 5,30 8.79 1.13 26.52 12.i7 20.22 100
i . .
Lateritic low land
ate ' 54.98 30.09 23.58  28.05 i?.ao 24.93 7.97 4.01 6.19 -
:até sul foxide . 21.49 27.19 23.39 32.55 fél.sé 24.38 23,73 13.46 15.52 -
ate sulfone 14.88 12.30 13.11 15.00  '13.09 15.69 21.26 34.22  20.53 -
horate sulfoxide. 8.65 14.17 . 24.22 5.06 'f14.74 13.09 25.26 30.43  24.45 62.
horate sulfone - 16.23 15.70 19.27  22.77 21.91 21.79 17.86  33.30 37.
Lateriticnuﬁland
ate - - 52.22 - 43.37 45.68 20.80 25,45 5.14 4.54 6.04 8,23 -
ate sulfoxide 32.86 24,82 15.67 37.42  39.05 23.99 16.96 19.00 17:74 -
ate sulfone - 12.32 14.03 18.80  29.89 - $ 17.35 37.23 22,91 26.02- 50.16 =
Horate sulfoxide 2.30 6.61 12.54 51,97 % 11.32 14.?9 24.95 38.99 9.84 50.
>h§rate sul fone - ' 11.17 7.31 -é.43 : 6.83 19.36 30.65 10.03 14.03 50.
Black cot£on soil
ate ' 80.03 51,08 18.88 17.35 ° ° 9.39 9.22 2.66 4,05 4.80 -
ate sulfoxide 19.97 24.73 32.40 46.88 . 27.64 28.10 13.03 15.45 12.00 67,
ate sulfone - 17.06  30.23  22.81° 17.21  17.28  24.81  22.37 19.87 -
horate sulfoxide - 4,34 10.77 5.57f 20.68 23.77 29.40 31.59 © 33.73 32,
. 2.82 8.35 21.16 26.54  30.40 =

horate sulfone . -

7.19 7.62




"able 12 Contents of phorate and its metabolites in different goils treated with the insecticide
® 2.50 g ai/plant at planting, as. observed at different intervals after application.

nsecticide/ Residue (ppm) in soil samples collected at different intervals Half life
fetabolite  ___._ after_treatment_ (3a¥S) oot ==- (days)

0 7 15 45 90 120
L Sandy soil
horate 104,360 58,501 : 24,380 10.554 0,152 ND
"horate sulfoxide 14.150 12,219 A 20,174 9.261 0.602 ND
Phorate sulphone ND ND 14,311 9.2é5 0.672 0.056
)xyphorate sulfoxide ND ND 5.488 3.784 0.986 0.427
)xyphorate sulphone 'ND ND 4.164 3.336 0.549 0.434

‘Total 118,540 82,330 €68.517 32,160 3.161 0.917 70.83

Lateritic low land

Phorate 91.980 - 53,501 28.414 9.860 0.817 0.338
Phorate sulfoxide 14.540 18.300 9,215 11.419 1.545 0.632
Phorate sulfone ND 8.470 4.933 5.886 1.796 0.427
)xyphorate sulfoxide ND ND ND 3.938 1.127 0.517
dJxyphorate sulfone ND ND ND 1.277 1.904 0.905

Total 106.520 80,271 42.562 32.380 7.190 2.817 82.84

Lateritic upland

Phorate 90.260 58.06 - 20,253 5.482 0.541 0.071
Phorate sulfoxide 14.578 16.180 9,161 9.481 1.479 0.156
Phorate sulfone ND 10.579 6.279 9.879 3.102 0.398
dxyphorate sulfoxide ND ND 4.819 1.261. 2.415 0.462
Oxyphorate sulfone ND ND 5.711 1.918 1.784 0,593

Total 104.838 .84.223 46,223 28,020 9.321 ’ 1.680 83.26

Black cotton soil

Phorate . 92,804 55.180 13.168 3.234 ‘ 0.356 0.291
Phorate sulfoxide g9.521 10.860 15.642 6.978 1.258 0.420
Phorate sulfone ) ND 2.510 2.302 2.185 2.580 0.659
Oxyphorate sulfoxide ND ND 1.742 2,718 1.060 0.541
Oxyphorate sulfone ND ND ND 1.768 1.069 0.332

Total 102.325 68,550 32,254 16.883 6.325 2.243 73.90

ND = Not detectable
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(17.80 to 54.98 and 25.45 to 52.22 respectively) while in
black cotton soil the initial residue of 80.03 per cent

fell to 51.b8 and 18,89 per cent successively and then
remained low. In the percentages of phorate suifoxide and
phorate sulfone wide variations were not seen in plants grown
in different types of soil. 'The percentages of oxyphorate
sulfoxide and oxyphorate sulfone were least in plants grown
in sandy soil and they were slightly hiéher in plants grown
in black cotton soil. The pefcentages of the metabolites in
plants grown in latéritié low land were the.highest and they
were closely followed by the peréentages in the plants raised

in lateritic dpland soils.

4.4.2.1 Peristence of phorate and its metabolites in different

types of soll treated with the insecticide

The half-life (Table 12) of total phorate was highest
(83.26 days) in lateritic upland soil and it was closely '
followed by the half-life in lateritic low land soil (82.84
days). The half-life was least in sandy soil (70.83 days)

and in black cotton soil it was slightly higher (73.90 days).

Total phorate: On the day of the treatment the total
phorate residue in sandy soil was 118.54 ppm while in the

other types of soil the total residue ranged from 102,325 to
- 106.52 ppm only. At seven DAT the residue in black cotton soil

got reduced to 68.6 ppm while in other types of soil the total

r- sidues remained at close levels (80.27 to 84.82 pprm). At
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15 DAT also the highest residue (68.52 ppm) was observed in
sandy soil and it was followed by the residue inllﬂteriticl
~ upland (46.22),lateritiéiow land (42.56) and black cotton
soil (32.25). At 45 DAT the total residue in black cotton
soil was very low (16.88) compared to the residue in other
types éf soil (28.02 to 32.38 ppm). At 90 DAT the residue
level in black cotton soil (6.32) came close to that of
lateritic low land (7.197) and lateritic up land (9.32)
soil, thus showing sharper fall in the latter two. The
reduction in residue content of sandy soil was still higher
and it reached the level of 3.16 ppm during the period. At
120 DAT.also the insecticide persisted in all treatments and

the residue levels ranged from 0.917 to 2.243 ppm.

Phorate: ' The content of phorate (parent compound) in
sandy soil on the day of treatment (104,36 ppm) was higher
than. the contents in the remaining types of soil (90.26 to
92.80 ppm). At seven DAT the insecticide content in sandy
soil (58.50 ppm) came close to that of lateritic upland
(58.,06) while in black cotton (55,18) and lateritic low land
(53.5) the residues were lower. At 15 DAT the highest residue
content was in lateritic low land (28,41) and it was followed
by the residues in sandy, black cotton and lateritic upland
soils. At 90 DAT the residues of the‘insecticide fell below

1 ppm. The sharp decline in the resicdue content of phorate



between 15 and 45 DAT is very clearly seen in Fig. 5.

Phorate sulfoxide: It was present in all the types
of soil on the day of treatment and the content was little
lower in black cotton soil (9.52 ppm) compared to the-contents
in other soil types (14, 18 to 14. 58). At seven DAT there
was a reduction of this metabolite in sandy soil while in other
soils the content showed an increase., At 15 DAT the content
showed an increase in sandy and black cotton soils while in
lateritic soils there was significant reduction in the content.
At 45 DAT also there was an erratic trend in the content of
phorate sulfoxide in soil. At 90 DAT the residue got reduced
to very low levels in all soils (0.60 to 1.55 ppm). Small
quantities were present in samples collected at 120 DAT

(ND to 0.42 ppm) also. | ’ -

Phorate suifone: It was detected in sandy soil only
at 15 DAT while in other soils it was detectableiét seven DAT,.
At seven DAT the highest residue was found in lateritic uplaqd
(10.58 ppm) and it was closely followed by the residue in
lateritic low land (8.47 ppm) soils. 1In black cotton soil the
residue was low (2.51 ppm). Between 15 and 45 DAT there was a
fall in the content of phorate sulfone in sandy soil while
in other soils the content remained static or showed slight
increase only (vide Fig. 5). Persistence in sandy soil at

90 and 120 DAT was low and the reductions were least in black
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cotton soil. At 45 and 90 DAT the highest content of phorate

sulfone was in lateritic upland soil.

Oxyphorate sulfoxide: The metabolite was present in
sandy (5.49 ppm), lateritic upland (4.82 ppm) and black cotton
soil (1.74 ppm) at 15 DAT. 1In lateritic low land the residue
was first detected at 45 DAT only. At 90 DAT 2.42 ppm of
the métabolite was found in lateritic upland soil while in
other types the content ranged from 0.99 to 1.13 ppm only.
At!120 DAT residue was seen in all soil tybes and it ranged -

from 0.43 to 0.54 ppm.

Oxyphorate sulfone: This metabolite became
detectable in samples of sandyn(4516 ppm) and lateritic
upland (5.71) soils at 15 DAT. In .sandy soil alone it was
high at 45 DAT (3.34 ppm) while in other soil types it
ranged from 1.28 to 1.92 ppm on;y. At 90 DAT the content:
of the metabolite ranged from 0.55 to 1.90>ppm and at 120

DAT the range was between 0.33 and 0.90 ppm only.

The low persistaence of oxyphorate sulfoxide and
oxyphorate sulfone in different soils is Clearly seen in

Fig. 5. +

4.4.2.2 Percentage of phorate and metabolites in the total
residue content of the insecticide in different

types of soil

Percentages of the constituents in the total phorate

Observed in the treated soils at different intervals after



Fig 5 Persistence and metabolism of phorate
applied in different types of soil in

which banana plants were grown.



a
£ A
3 E %
i

%}

25 T
B &

2+ a
'

15 ;

e

- SANDY SOIL

06

I
50 ﬂ D | [ Phorate |

; ; o s o _ _ B Phorate _sul foxide
] * . ”T : L] Phorate sulfone
:] : " : B , ' @ Qxyphorate sul foxide
- kN '7 [ Oxy'ph_orate su}fone
shiihn
LLH

Ay ; ; _
LAT“RITIC LOW LAND - '

(g ‘
< .
‘?.0"' rh ™

T

L.
(o |
5 i

LATT‘RITIC Uup LAND B

I—é} O

45 o0 140

(301 -

15 47 9 12

INTERVALS AFTER TREATMENT (DAYS)
[T ACK COTTON - SOILS '



treatment are shown in Table 13.

Phorate: On the day of the treatment, the
percentages of the parent compound ranged from 86.09 to
91.70 only in different soils. The highest reduction in
percentage at 15 DAT was seen in sandy soil (35.58 per cent).
It was followed by black cotton (40.83 per-éént), lateritic
upland (43.82 per cent) and lateritic low land (66.76 per cent)
soils. At 45 DAT, the perceptage in sandy soil dropped to
32.82 from 35.58 per cent, while the fall iﬁ the percentages
of phorate in other treatment were wider; the percentages
dropped frém 66.65 to 30,45 in lateritic low land, from 43,82
to y9.56 in lateritic upland and 40.83 to 19.16 in black cottonl
soils. The percentage of the parent compound was least in
black cotton soil at 45 DAT. At 90 and 120 DAT. the percentages
in lateritic low land remained the samel(11,36 and 11.99
respectively) while the percentages in the remaining -soil
types ranged from 4,81 to O level (in sandy) and 5.80 to
4,20 (lateritic upland) respectivel&. Blaci cotton soil showed

an increase (12.77 per cent) at 120 DAT.

Phorate sulfoxide: From O to 15 DAT, the percentage
of phorate sulfoxide showed the highest increase .in black
cotton soil (8.30 to 48,49) and it was. followed by the percent-

age increase in sandy soil (11.96 to 29.44).‘ The increase



Table 13 Percentage distribution of phorate and its metabolites in different
' soils, treated with the insecticide @ 2.5g ai/plant_at planting, ac
observed at different intervals after application.

- - - o = e e o e e e e -_— -——— -

Percentage in soil samples collected at different

§2:§g§i§i§e/ intervals after treatment ~{(days) .
| o 7T i as L s iao
i T T sandy soil . ST
Phorate 88.04 71.16 = 35.58 32.82 . 4.81 ND
" Phorate sulfoxide 11,96 14.84 _ 29.44 28.80 19.04 ND
Phorate sulfone  ND - 9.94  20.89 - 19.36  21.26  6.11
Oxyphorate sulfoxide ND ND 8.01 11.77 31.20 46,56
Oxyphorate sulfone ND ND 6.08 10.37 17.37 47.33
Lateritic low land
Phorate ’ 86,35  66.65 66.76 30.45 11.36 11.99
Phorate sulfoxide 13.65 22.80 21.65' 35,26 21.49 22.44
Phorate sulfone ND 10.55 11.59 18.18 24.98 15.16
Oxyphorate sul foxide ND ND ND 12,16 15.67 32.55
Oxyphorate sulfone ND ND ND 3.94 26,48  32.06
4 .Lateritic upl and
Phorate _ | 86,09 68.45 43.82 19.56 5.80 4.20
Phorate sulfoxide 13.91 - 19.08 19.82 33.84 15.87 9.23
Phorate sulfqne‘ ND 12.47 13.58 .  35.26 33.28 23,55
Oxyphorate sulfoxide ND ND 18.42 4.50 -25.94 27.34
Oxyphorate sulfone ND ND 12.36 6.85 19.14 35.09
Black cotton soil
Phorate 91.70 80.50 40.83 19.16 5.63 12.97
Phorate sulfoxide 8.30 15.84 48.49 41,33 19.89 18.72
Phorate sulfone ND 3.66 7.14 12.94 40.79 29,38
Oxyphorate sulfoxide ND ND 5.40 16.10 16,76 24.12
Oxyphorate sulfone ND ND ND 10.47 16,90 14.80

ND : Not detectable.
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in the lateritic low land and laterific upland were almost
same (13.65 to 21.65 and 13.91 to 19.82 per cent respectively).
In the lateritic low land and the lateritic upland and the
percentages of the metabolite‘showed an increase from 15 to

45 DAT while in sandy andnblack cotton soils it declined to .
some extent. At 90 and 120 DAT, the reduction in percentages
of the metabolite were more conspicious in sandy and lateritic

upland soils than in lateritic low land and black cotton soils.,

Phorate sulfone: A£ 15 DAT, the percentage of this
metabolite was at its peak (20.89) in sandy soil and it was
followed.by'the percentaées in lateritic lupland (13.58),
lateritic low land (11.59) and black cotton (7.14) soils.

The  change in percentages between 15 and 45 DAT was least in
sandy soil (20.89 to 19.36). In the remaining treatments
increasing trend was observed in the percenﬁages of phorate
sulfone. At 90 and 120 DAT the highest percentage of the
metabolite was noted in black cotton soil and it was féllowed

in the descending order in lateritic low land and saridy soils.

Oxyrhorate sulfoxide: It was first detected in all
the soils (except lateritic low land) at 15 bAT. - The highest
percentage at that stage was noted in the lateritic upland
(18.4?) and it was follpwed by the percentages of thelmetabolite
in sandy and black cotton soils. But at 45 DAT, it was least
in lateritic upland (4.5 per cent) while in the reamining

soll types the variations were not high (11.77 to 16.10 per cent),
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In subsequent observations there was an ‘increase in the
percentage of the metabolite, This increase was highest in
sandy soil followed by increase in lateritic low land,

lateritic upland and black cotton soils. -

Oxyphorate sul fone: The percentages of oxyphofate
sulfone in sandy and lateritic upland soils at 15 DAT were 6,08
and 12,36 respectively. 1In lateritic low land and black cotton
solls the residues of.the metabolite were non-detectablelat
15 DAT. The percentages showed an increasing.trend upto 120
DAT and the maximum level was in sandy soil (47.33) and it was
followed by lateritic upland (35,09), lateritic low land

(32,06) and black cotton (14.80) soils,

4.4.3 Correlations between the contents of phorate and
its four metabolites in soil and in banana plants
grown in treated soils, as observed at different

intervals after treatment and in different soil types

The correlation coefficients between the contents of
phorate and its metabolites present in plants and those in soil
at 15, 45, 90 and 120 days after treatment were worked out

and the data are presented in Table 14. (Appendices 11 to 14),

Residues of phorate in plants growing in treated sandy
soils were significantly influenced by the concentration of the
insecticide in soil at 15 and 45 DAT:; the correlation coefficients

were significant and positive (0.9724 and 0,9192). At 90 DAT



Table 14 Correlation between the content of phorate and its metabolites in banana plants

and in the soil;observed at different intervals after treatment

Insecticide/ Correlation coefficients relating £o observations made at dlfferent
Metabolite intervals after treatment (days)
15 45 ' 90 120 15 45 90 120
Sandy Soil Lateritic low land soil
Phorate 0.9661* 0,9702™ 0.8911 0.4535

Phorate sulfoxide
Phorate sulfone
Oxyphorate sulfoxide
Oxyphorate sulfone

Phorate

Phorate sulfoxide
Phorate sulfone
Oxyphorate sulfoxide
Oxyphorate sulfone

0.9724* 0.9192% 0.8449 -
0.8726 0,9169*% 0.9791* -
0.7041  0.4842 0.9724% -

- 0.9885* 0.7166 -
0.9241* 0,9727* 0.9667% 0.5333

Lateritic upland soil

0.9709* 0,6241 0.8909 0.9850%*
0.9748* 00,7729 0.,9713* 0.,9547*
0.2652 -0.4183 -0.6910 0.9075%*
-0.1090 0.4569 0.5003 0.7188
0.8043 -0.2353 -0.7684 0.4854

0.,9537* 0.8960 0,9579% =0,2373

0.4870 0.9871* 0,8422  0.9080%
- 0.7808 0.8834 0,7919
- 0.1571 0.9033* 0,9903%*

Black cotton soil

0.7436 0,7008 . 0.6601 0.6818
-0.1858 -0,7769 -0.5083 =0.4665
~0.4665 ~-0.5614 =0,3474 =0.2967.

0.3566 =-0.0711 0.2329 -0.0823

-  0.6756 0.5114 0.3855

* Significant at 5 per

cent level
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- the association was positive but not significant (0.8449).

In lateritic low land, the relationship was positive and
significant at 15 and 45 DAT (0.9661 and 0.9702) while it

was poéitive but not significant at 90 and 120 DAT. Similar
significant associations were seen in lateritic upland soil

at 15 and 120 DAT (0,9709 and 0,9850) while the coefficients
were positive but not significant at 45 and 90 DAT. 1In black
cotton soils the correlatiops were not significant though they

were high and ﬁositive at all the periods of observation.

Phorate sulfoxide contents in planté were significantly
and positively influenced by concentration of the toxicant in
soil at 45 and 90'DAT in sandy soil. 1In lateritic low land
similar correlations were observed at 15, 45 and 90 DAT
(0.9537, 0.8960 and 0.9579 respectively) while a weak and
negative correlation was seen at 120 DAT. The relationship
was significant and positive at 15, 90 and 120 DAT in lateritic
upland soils also. Correlations between the content of
the metabolite in soil and plant were negative with reference

to black cotton soil, in all observations,

The:correlation coefficients between varying contents
of phorate sulfone in soil and plant were positive and
significant at 90 DAT relating to sandy soil (0.9724) while
they were positive but not significant at 15 and 45 DAT, The

coefficients were positive in all the stages of observation
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in lateritic low land; the values at 45 and 120 DAT showed
statistical significance. The coefficient in lateritic upland
was positive and significant at 120 DAT only while the wvalues
were negative at 45 and 90 DAT. The concentrations of the
metabolite in soil and plant were negatively correlated in

the four observations in black cotton soil. But they were not

statistically significant.

Oxyphorate sulfoxide concentrations, in sandy soil
and in plants grown in.it showed significant and positive
correlation (0,9885) at 45 DAT. In lateritic low land the
correlations were positive but not significant in the three
observations (0.7808, 0.8834 and 0.7919 respectively),
Correlations were positive but not significant in lateritic up-
land soil at 45, 90 and 120 DAT whiie the coefficient at
15 DAT was negative and weak (-0.1090). In black cotton soil,
the coefficients were positive but low at 15 and 90 LCAT
(0.3566 and 0.2229) and negative but low (-0.0711 and ~0.0823)

at 45 and 120 DAT.

Oxyphorate sulfone concentrations in plant were
significantly influenced by the concentration in soil at 15,
45 and 90 DAT in sandy soils, the coefficients being 0,9241,
0;9727'énd-0.9667 respectively. In lateritic low land the
relétioﬁs wefe significant at 90 and 120 DAT (0.9033 and
0.9903). The influences were positive but not significant

at 15 and 120 DAT (0.8043 and 0.4854) in lateritic upland
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while they were negative but not significant at 45 and 90
DAT (-0.2353 and -0.7684). In black cotton soil the coefficients
were positive but not significant (0.6756, 0.5114 and 0.3855 .

respectively) at 45, 90 and 120 DAT.

4,4.4 The effect of phorate granuLes applied around the

base of banana plants grown in different types of soil,

on the soil microflora aé observed at the time of harvest

The effect of insecticide, applied @ 2.5g ai/plant
in different soils, on bacteria, fungi and actinomyéetes
(expressed as the number of coionies per gram soil) were

-analysed statistically and the results are presehted in

Table 15,
4.4.4.1 Effect on soil bacteria

The application of phorate at planting did not
significantly influence the population of bacteria at harvest
of the crop in any of the soils. In sandy soil the &ean number
of coloniés_waé”slightly.higher in treatea plots (23.04)
than in the untreated plots (21.82). In lateritic low land and
lateritic upland also the mean number of colonies ‘
per g soil were slighély higher in phorate treated pldts (29,05
and 27.12) than in control plots (28.40 and 26.84 respectively).
' The populations in treated black cotton soil were slightly
lower in treated plots (35.80) than those noticed in untreated
plots (37.02), though the differences were not statistically

significant.



Table 15 Population of bacteria)furgi and actinomycetes
in different soils, treated with phorate
@ 2.5g ai/plant, at planting, as observed at
harvest (330 DAP)

... Treatments Mean number per .gq: soil
Soils Igiggtl— Bacteria Fungi Actinomycetes
(x 10%) (x 104 (x 10%)
Sandy .. Phorate 23,04 28,52 24.02
Control 21,82 31.30 22.60
Lateritic Phorate 29.05 34,04 29.06
low land Control 28,40 38.46 28.10
Lateritic  Phorate 27.12 29.45 29,82
upland Control 26.84 31.40 28.30
Black Phorate 35.80 . 24,26 35.40
cotton Control - 37.02 27.19 . 32.18
F test NS NS NS

NS : Treatment effects not sipnificant
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4,4.4.2 Effect on soil fungi

The application of phorate did not significantly
influence the populations of soil fungi.' The populations
(number of colonies per g soil) in treated sandy, lateritic
low land and lateritic upland (28.52, 34.04 and 29.45 res-
pectively) were slightly lower than those in the control
plots (31.30, 38.46 and 31.40 respectively). In black
cotton Soil the populations in control (27.19). and treated
plots (24.26) were slightly iower than those observed in

other types of soil.
4.4,4.3 Effect on actinomycetes

The actinomycete population was not seen significantly
affected by the application of phofate in any of the soils
included in the experiment. The pOpulétions were slightly
higher in treated plots than in control plots. The mean
number per g sqil (x 106) in treated sandy, lateritic low langd,
latefitic upland and black cotton soils were 24,02, 29.06,
29.82 and 36.40 respectively while those in untreated plots

were 22.60, 28.10, 28.30 and 32.18 respectively.
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DISCUSSION

Bunchytop, the most serious disease of banana
in Kerala, 1s being tackled by coﬁtrolling its vector

Pentalonia nigronervosa Cog., using phorate granules as

a phophylatic treaﬁzment. The recommendations followed
at present envisage three applications of the insecticide
f;rst at planting @ 2.5g ai/plant and then at 75 days
after planting (DAP) and at 165 DAP @ 1.25g ai/plant, if
applied in the leaf axil and @ 2.5g ai/plant if applied

in the soil (Kerala Agricultural University, 1986). The
effect of such repeated applications of the insecticide

on the absorption of the toxicant by the plant, the
metabolism of the insecticide and consequent persistence
and the terminal residues in banana bunches have not been
studied so far. The existing recommendations are based
on some field experiments (Nair et al., 1973) in which none
of the bésic aspects had been investigated. The present
" investigations have been taken up with a view to gathéring
detailed data .on all basic problems rzlated to the above

extensively adopted control measures.

5.1 Uptake and persistence of phorate in banana

plants when treated with different doses of the

insecticide at different growth stages of the

crop
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5.1.1 Uptake and persistence

The results of the field experiment presented in
para 4.1.1 showed that the staée of thé crop at the time
of treatment influenced the uptake and persistence of the
insecticide remarkably. When applied at the time of plant-
ing the phorate content in the plants at 15 DAT were low
at both the levels of the toxicant; In the observation
.at 30 DAT a steep rise in residues of phorate in plants
treated at planting was observed and in subsequent observa-
tions, plants in theyabOVe treatment showed high levels of
residues. | The initial low level of the pesticide in the
plant might have been caused by the condition of the plant
ét the time of treatment. At planting the foots and outer

layers of the suckers are removed (parring) as a regular
practice to elimiﬁate the life stages of plant parasitic
nematodes and other soil pests which may be surviving in
the planting material. The poor imitial absorption can
hence be attributed to the lack of roots ét the time of
treatment. The observation indicated thg desirability of
delaying the first treatment for two to three weeks to
avold wastage of the pesticide in soil through degradation.
Results in para 4.4.2 and Table 12 showed that there was
fast reduction of the residues in soil soon after treat-
ment (7 and'15 DAT) . This finding may be relevant to all
transplanted crops which are to be protected from pests

at early stages using granular insecticides.
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The increase in the phorate cdntent in the
plant upto 66, 45 and 30 DAT when treated at plant-
- ing, at 75 and at 165 DAP, respectiVely‘and the
subsequen£ drop indicated that the absorption of the
insecticide from the soil continued till then and
subsequently the dissipation of the insecticide
alone occurred within the plant. 1In treatments
done at 0, 75 and 165 DAP, the peak of insecticide
residues were noted at 60, 45 and 30 DAT and the
pesticide content remained sufficiently high to
cause.adequate mortality upto 75, 60 and 45 days
after treatment. If the application of the pesti-
cide is delayed by three weeks from the time of
planting as indicated above, the efficacy of the
first application will be prolonged beyond 75 days
and the efficacy " of the second treatment may not
_extend upto 165 DAP. The results thus indicated»
that the existing recommendation to -apply the
insecticide at 0, 75 and 165 DAP do not agree with
the persistence and biocefficacy of the insecti-
cide. There is no previous work on the absorp-
tion and persistence at phorate in banana.

The results presented in para 4.1.1 and

4.1.2 showed that the enhancement in the residue
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content in the plant and the mortality of the insect
cauéed by the increase in the dosage of the insecti-
cide from 1.25 to 2.5g al/plant was least in treat-
ments done at planting and was showing an increasing
trend in treatments done at 75 and 165 DAP. The
difference in the PT indices in ithe treatments with
the two doses of the insecticide done at 0, 75 and

‘ 165 DAP were 460, 682 and 2373, respegtively (vide
Table 2). The results clearly indicated the lack

of response to a higher dose of the pesticide at the
early stages of the crop growth. It may be possible
to enhance the persistent toxicity of the pesticide
significantly in the third treatment done at 165 DAP
by using the higher dosage 2.Sg'ai/piant. However,
residues of the insecticide were detected in mature
unripe fruits.when the insecticide was applied @ 2.59g
ai/plant at 150 and 180 DAP and in mature ripe fruits
when applied at 180 DAP (vide Table 7). Hence the
use of phorate @ 2.5g ai/plant for the third treatment
may not be desirable in robusta variety of banana.
Thus a reduced~dose of 1.25¢g ai/plant wa§ seen to:be as
effective as the higher dose of 2.5g ai/plant used at
present for treatments at planting and at 150 DAP.

At 180 DAP 2.5g ai/plant was more effective but the
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treatment was leéving residues above tolerance limit
in fruits and hence found undesirable._ Hence the

- necessity for a revision of the recommended dosage

of 2.5¢g ai/plant was strongly ihdicated in the rgsulis.
Results from oﬁher field experiments conducted at the
College of Agriculture, Vellayani showed that the
dosage of 2.5¢ ai/plant now addpted can be reduced to
1.5g ai/plant without significant reduction in the . '
efficacy of treatment in checking the vector popula-

tion and for controlling the dlsease (Reghunath 1989) .

The results presented in para 4.1.1 and 4.1.2
further showed that-the insecticide content in plants
applied at the root zone was éignificantly higher than
" the content observed in plants treated at the leaf axil
in all the observations ﬁade'after‘the treatment. The
results established the need for a change in the present
recommendatibn to use phorate @ 1,25¢g ai/plantAat.leaf
axil in lieu of 2.5g.ai/plant in the socil for treat-
ments done at 75 and 165 DAP.. Further, filling of
leaf axil with insecticide granule is nof an easy
. practice, especially, at 1ater‘stages when the plant

has grown up. Application of granules. in leaf axils



140
have been reported effective for the control of pests
in crops like sorghum; sugarcane, etc. especially in
early stages when the crop remain short. It is also
known that one of the major routes for insecticide
dissipation is through volatalization. When applied
in leaf axil of tall plants like banana exposure'to

sun and wind will be more and the consequent loss of
\the insecticide will be higher than when the toxicant
is applied in soil where the granules are raked into

the lower layers. Thus thé application of phorate at

root zone is bound to be more effective than the treat-

ment done at leaf axil.

The content of total phorate in plénts (leaf
sheath) observed at different intervels after treatment
showed that the toxicant rises up to the levels of 9.8,
4.8 and 2.4 ppm, when applied at 0, 75 and 165 DAP
respectively with a basal dose of 1.25g ai/plant. The
respective levels for 2.5g dosage were 9.9, 6.0 and
5.7 ppm. The absorption and translocation of phorate
in banana is being studied for the first time. The peak
of phorate content reported in other crops were highly
varying; in rice 2.16 ppm at 3 DAT (Narayanaswamy
et 3&.,1975); 4.60 at 60 DAT (Garg and Sethi, 1982 b);
in cotton 9.5 and 9.5 ppm at 30 and 60 DAT (Gulab Singh
et al,, 1984); in mustard 2.50 ppm at 30 DAT (Jain

et al., 1974 b}; 2.20 ppm at 20 DAT (Agnihotri et al.,1975);
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in oats 7 ppm, in barley 10 ppm and in wheat 20 ppm at
22 DAT (Lilly et al., 1958); in peas 30 ppm at 8 DAT
(Getzin and Chapman 1960) and in lemon 95 ppm at

4 DAT (Metcalf et al., 1957) were observed.

The persistence of phorate in-banana is in
broad agreement with the reports on other crops. The
content in leaf sheath after the periods of 90, 90 and
.60 days in treatments done at 0, 75 and 165 DAP wéfe 2.3,
1.1 and 2.4 ppm, respectively. The residues répdrted
were 0;12 to 0.50 ppm at harvest (180 DAT) in c¢arrots
(Lichtenstein et al., 1973)}; 1.75 and 1.56 ppm at 40 and
90 DAT in potato (Kathpal et al.,1983); 1.44 ppm in
muétard flowers at 90 DAT (Agnihotri et al.,1975);

0.96, 1.45 and 2.4 ppm in flowers, pods and flag leaf,
respectively, at 90 DAT in mustard (Jain et al., 1974 b):
in rice 0.24 and 0.39 ppm in grain and straw, at 95 DAT
(Prasad and Mani 1979); 0.28 ppm in straw at 90 DAT
(Garg and-Sethi 1982 a) and 5.9 and 2.8 ppm at 60 and

90 DAT in cotton plants (Gulab Singh et al., 1984), The
prolonged availability of insecticide in plants may be
attributed to the prolonged availability of the insecti-
cide in treated soils as seen in Table 11 and 12. In

lateritdc upland soils, in which plants in the first
experiment were grown, around 10 per cent of the applied
dosage persisted at 90 DAT, when the insecticide was

applied @ 2.50g/plant at planting.
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5.1.2 Bioefficacy of phorate content of treated

‘banana plants to P. nigronervoes.

The results on bioéfficacyg of the insecticide
content in leaf sheath against the test insect (vide para
4.1.2) showed that 100 per cent-mortality occurred 6nly
to four 6ut of the 56 observations in the experiment,
even when the insects were confined on the feeding site
}n cages. The mortalities ranged from 28 to 100 per cent
during the first 60 days after different treatments ‘
(vide Table 2). Obviously; the application of phorate @
1.25 or 2.5g ai/plant at 0, 75 and 165 DAP will not ward
off the Qector completely under field conditions. But .
the treatments have been proved effective in checking the
bunchy top disease of banana. These results ind{cated that

100 per cent control of a vector is not a must for protecting

crops from the incidence of virus diseases,

5.1.3 Dose-effect relationship observed when P.

nigronervosa was exposed to treated plants containing

varying levels of phorate content

The results presented inlpara 4.1,3 showed that the

mortalities of P. nigronervosa on banana plants treated

with phorate granules were positively ocrrelated with the
total insecticide content in the leaf sheath and the

correlations were highly significant. The results obtained
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from path coefficient analysis of the data (vide para
4.1.7) also showed that 98 per cent of the mortality
observed in the test organism could be attributed to the
content of phorate and its metabolites in plant tissue.
The residuals observed in the analysis of the data were
belo& two per cent in different treatments (Table 5).
The age of the crop and other environmental factors were

not ‘affecting the dose-effect relationship between phorate

and P. nigronervosa.

The épplication of graded doses of a systemic
insecticide will not ensure'corresponding rangeé of
insecticide content in plants grown in the treated soils.
Absorption of the toxicant from the soil and its persist-
ence will depend on various extraneous factors. The results
in Table 1 also showed that the residue content in plant
did not show a proportionate increase when the dose of the .
insecticide applied in soil was increased from 1.25 to
2.5g ai/plant. 1In this context an attempt was made to
establish a dose-effect relationship from the data obtained
from the éxperiment as described in para 4.1.4. This new

analysis of the data revealed many interesting facts.

The LDso'of phorate ranged from 1.624 to 2.711 ppm
upto 60 DAT (period of active absorption of toxicant) and

3.147 to 3.614 between 75 and 90 DAT (period of dissipation
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of residues in plant). The higher dose requirement
towards the later stages after treatment may be attributed
to the metabolisﬁ'of the insecticide in plant tissues
leading to the formation of less toxic components in the

total insecticide_content Oobserved in the leaf sheath,

The data presented in pPara 4.1.4 further showed
that the age of the plant was not altering the dose-
effect relationship of the toxicant., This indicated that
the feeding rate of the insect and consequent intake of
the toxicant from plants of different 8geés were not varying

significantly.

~Another interesting information which emahated
from the dose-mortality studies was that the residue contents
in plants, at the active period of absorption (45 and 60 DAT)
were far above that required for the effective kill of the
pest (shown by LDSO’LDQO estimates). When applied at the
time of planting, the residue at 45 and 60 DAT were 7.5
and 9.8 ppm and 9,2 and 9.9 ppm respectively for the doses
of 1.25 and 2.5g ai/plant and the mortalities observed in
all the treatments weére near 100 per cent. LD90 levels of
the toxicant, estimated from the data, were below 5.5 ppm
even for the period of 65 to 90 DAT. Excess residue of the
insecticide which accumulated in the plant woulgd obviously
get metabolised and lost without serving its full purpose of

controlling the pest, Such high accumulation of phorate
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residues have been reported earlier in other crops too.
(Dobson et al., 1960 in alfalfa; Getzin and Chapman, 1960
in peas; Jain et al., 1974b in mustard and Gang and Sethi,
1982b in rice). It may be possible to minimise such losses

of insecticide by reducing the dosages of insecticide per

treatment and by increasing the frequency of application,
5.1.4 Metabolism of phorate in banana

The methods for the estimation of phorate and its
metabolites in plants had been standardized by Blinn, (1963).
He recommended TLC separation followed by quantificatiqn
with infrared,spectrophotometry. This technique was modi-
fied facilitating the estimation of the residue with
spectrophotometer stnce infrared ;pectrophotometer is a
rare facility in the residue laboratories in India. The
colour of palladiuﬁ chloride used as a visualizing agent
on the chromatogram, as per the procedure of Blinn, inter-
fered with the colour developed by paranitro benzyl pyridine
and cyclohexyl amine in the final sample when the transmittance
was estimated with a spectrophotometer. Such interference
was not observed in infrared spectrophotometry. The difficulty
was circumvented by following the procedure described in
para 3.3.4.5.3., The modified procedure was found to be simple
and it was reliable as evidenced by the high recovery percent-

ages of the residues (vide Appendix 1).
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The metabolites identified in treated banana
plants were the fouf oxidative products, phorate sulfoxide,
phorate sulfone, oxyphorate sulfoxide and oxyphorate sul fone.
A transient spot was also seen on chromatogram at a place
corresponding to the reported Rf of oxyphorate. But the
identification of the metabolite and its quantification were

"not pessible due to the lack of reference standard.

As described in para 4.1.5, all the four metabolites
appeared in all the treafments (except the treatment done
at O DAP) at 15 DAT. In the treatments done at 0 and 75
DAP, tﬂe content of phorate, phorate sulfoxide and phorate
sulfone showed an increasing trend upto 60 and 45 DAT
respectively. Phorate and bhorate sul fone showed a sudden
decline in content at 75 and 60 DAT respectively, while the
reduction of phorate sulfoxide during the period was less
drastic. The trend seen in treatments done at 165 DAP also
was similaf but the fall in quantifies of the métabolites was
not as drastic as in the other treatments. The overall
trends seen in the content of oxyphorate sulfoxide and
oxyphorate sulfone also were the same. The contents of
these metabolites were increasing upto the peak periods in
the fotal residue content and then declined. The delay in
the appearance of the metabolites in treatments done at

the time of planting may be attributed more to the poor
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absorption of the toxicant due to lack of absorbing roots
‘than to the lower metabolic rate in the plant. Less
conspicious reduction in the content of metabolites between
the periods of peak and decline indicated a slightly lower
metabolism in plants treated at 165 DAP. The persistence
of the metabolites also failed to show wide variations,

All of them reached non-detectable levels between 90 and

105 DAT.

The'concurrent increase and fall in the total
residues and of the metabolites in the plant suggest that
either the parent compound metabolised in the plant was .
being continuously replaced by absorption from the soil or the
quantities of metabolites available in the plant might
be contributed directly from the soil also. 1In the first
experiment the levels of the parent compound and metabolites
in the soil were not studied. Results from a later experiment
(vide para 4.4.2.1) showed that phorate and all the four
metabolites were present in the soll from 15 DAT (in lateritic
upland soil) when applied at the time of planting and that
they appeared in plants also in detectéble levels during the
period (vide para 4.4.1.1). -During the period of increase in
thé ;es;aue conteht © (phorate and metabolites) of the plant
there was a corresponding deéline in the residue levels
in the soil. This indicated that the conteﬁt in the soil

was contributing to the content in the plants. However, the
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content of phorate and the metabolites in the soil and plants
did not show statistiéally significant ocrrelations (vide
Table 14) . The results indicated that the residue content

in the plant was a combination of the materialé formed

by the direct metabolism of the parent compound within the
plant tissues and of the components which were being

continously absorbed from the soil.

The metabolism of phorate in the plant and soil

" and the absorption of the toxicant and the metabolites from
the soil by the plant-as well as their retention were not
sigdificantly affected by the variations in the dose of
phorate applied in the soil. In plants treated at 165 DAP
the rate of metabolism was slightly lower. The quantities
of metabolites were less in plants treated at the leaf axis

than when treated at the root zone.

The metabolism of phorate in banana has not been
studied so far. The metabolism of this éompoundvas reviewed

'in para 2.2 showed very wide variations in different crops.,

Bowman and Casida, (1957)‘reported the presence of
all the five oxidative metabolities, phorate sulfoxide,
phorate sulfone, oxyphorate, oxyphorate'sulfoxide and
oxyphorate sulfone in vegetables. Saunders and Getzin, (1973)
found all of them in the bark ahd needles of scots pine at

five months after treatment. In brassica plants all the



148

metabolities except oxyphorate were detected at 15 DAT by
Krishnaiah and Kalra, (1978). Leuk and Bowman, (1970),
similarly, found élllthe metabolites except oxyphorate in
corn plants 14 days after treatment. They also reported
the same composition of metabolites in treated bermuda

grass at 21 days after treatment.

: Bowman and Casida, (1958) reported that while at

1 DAT phorate sulfoxide and phorate sulfone constituted

76,2 per'cent of the metabolites, their proportion fell

to 64.0 per cent at 12 DAT with the appearance of oxyphorate
sulfoxide and oxyphorate sulfone which constituted 8.5

per cent of the total residue at that time.

Phorate sulfoxide and phorate sulfone were the only
metabolites in sugar beets at 8, 16 and 24 DAT (Reynolds et al.,
1960), in carrots at harvest (Suett 1971 and 1974), in sorghum
plants (Khajuria et'al., 1973), in mung beans and soybeans

(Talekar et al., 1977a) and in radishes (Chapman and Harris,

1980).

Menzer and Ditman, (1968) on the other hand reported
the presence of phorate sulfone and oxyphorate sulfone only
in treated spinach plants at harvest. kathpal et al., (1983)
could deteét phorate sulfoxide only in potato tubers at

70 and 80 DAT,
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5.1.5 Percentage distribution of phorate and its metabolites
in banana ﬁreated at different intervals after

planting

The estimation of the percentages of different
components of the total phorate residue in the plant.at
different intervals after treatment was done with a view to
understanding their interdependence, if any. The results
-ﬁresented in para 4.1.5 and 4.1.6 showed that while the
content of phorate and phorate sulfoxide showed an increasing
trend, the percentages of the two compounds in the total
residues showed a réciprocal relation thus indicating that
the phorate absorbed into the plant was at least partially
the precursor of the other metabolités. Contentwise,
oxyphorate sul foxide and oxyphora;e sulfone showed an initial
increasing trend followed by a decreasing trend in many of
the treatments. “ssessment of their percentages in the total
residue showed clearly that the metabolites were gradually
increasing in proportion from 15 to 105 DAT, indicating the

continaus oxidation of the parent compound within the plant,

Bull, (1972) identified two major pathways in the
oxidative metabolism of phorate in plants, viz,., oxidation
of thioether moiety leading to the formation of phorate
sul foxide and phorate sul fone and desulfurafions of phorate

producing a transient oxyphorate which subsequently get



oxidized to oxyphorate sulfoxide and oxyphorate sulfone.
The conversion of sulfide to sulfoxide was rapid while

ité further oxidation to sulfone was very slow. With

.a view to understand the relative dominence of these

two metabolic pathways, the data in Table 4 was regrouped
and are presented in Table 16. The results showed that
both the metabolic routes were prevalent in the plant
within 15 DAT. In the earlier phase the sufoxidation’of the
thioether moiety was having an upper hand while in the
declining phase of the total residueé, the perceﬁtage of
oxyphorate sulfoxidé and Qxyphorate sul fone showed an
increasing trend. The mean percentages presented in the
Takle 16 showed that the increase in the dose of phorate
applied to the soil and the age of the plant at the time

of treatment did not noticeably affect the metabolic pathways.

5.1.6 Correlation between the insecticide residues and the
mortality of thé test insect and ?ath coefficient

analysis 6f the data.

The data presented in para 4.1.7 clearly showed
that the observed mortality wa§ very strongly associated
with the residue content in the plant. The content of the
parent compound in the tissues showed the highest direct
effect on the mortality in four out of eight treatments in

the experiment (vide Table 5), while phorate sulfoxide,



ble 1é> Percentages of metabolites of phorate in treated plants formed through different pathways, observed

at different intervals after treatment

t

T ! T T
Percentage oin plant samples collected at different inter-

Treétments ' .
Insecticide/ £ t tment (d
e ST Dose Tine Motobolite vals after treatment (days)
>plica- g ai/ of appli- content 15 30 45 60 75 90 105 Mean
Llon plant cation
. DAP
;2: 1.25 0 Phorate 57.5 43.0 59.8 30.9 20.2 12.9 0 37.4
Phorate sulfoxide+ 42.5 49.8 51.6 36.8 37.9 21.5 0 40.0
Phorate sulfone
Oxyphorate sulfoxide+ 0" 7.2 8.6 32.3 41.9 83.6 100 58.5
Oxyphorate sulfone
o¢ 1.25 75 Phorate 41.4  42.6 21.6 25.9 17.3 0 0 24.8
Phorate sul foxide+
Phorate sul fone 35.8 34.5 33.0 45.6 63:0 32.4 o] 40.4
Oxyrhorate sulfoxide+ 22.8 22,9  45.4 28.9 19.7 67.6 100 43.9
P
. Oxyphorate sulfone
ggg 1.25 165 Phorate 38.4 38.2 22.6 7.9 8.3 0 0 23.2
Phorate sul foxide+
Phorate sul fone 15.6 48.9 54.3 63.1 41.9 0 0 50.8
Oxyphorate sulfoxlide+ ’
Oxyphorate sulfone 16.0 12.8 23.0 28.9 49.8 100 ¢} 36.8
;‘:}; . 2.50 0 Phorate 60.9 33,9 32.2 30.6 29.3 9.1 0 37.6
Phorate sulfoxide+
Phorate sulfone 31.8 40.9 30.7 19.2 34.4 41.1 100 42.6
Oxyphorate sulfoxide+ ‘
Oxyphorate sulfone 7.2 25.1 37.1 49,3 36.9 60.9 0 36.1
;32 2.50 75 Phorate . 40.5 27.0  21.9 30.4 9.7 0 0 25.9
Phorate sul foxide+
Phorate sulfone 35,2 40.9 38.4 45.1 57.4 55.7 0 45.5
Oxyphorate sul foxide+
Oxyphorate sulfone 24.3 32.2 39.6 24.9 33.0 44,3 100 42.6
;3: 2.5 165 Phorate 33.9 26.3 32.8 26.8 28.5 . O 0 29,7
Phorate sul foxlide+ i
Phorate sulfone 43.9 41.9 32.1 30.4 43,4 56,0 57.0 44.9
Ooxyphorate sulfoxide+
Oxyphorate sul fone 22.1 31.9 35.1 35.7 23.1 44.0 43.0 33.6
eaf
xil 1.25 75 Phorate 12.9 46.0 20.4 23.9 17.7 13.0 0 22.3
Phorate sulfoxide+
8 Phorate sulfone 68.1 38.5 36.2 45,7 57.4 11.7 0 42.9
Oxyphorate sulfoxide+ - .
Oxyphorate sul fone 19,0 11.2 45.1 15.4 25.0 75.3 0 31.8
eaf
il 1.25 165 Phorate 30.1 25.8 29.1 46,2 0 o} 0 328
Phorate sulfoxide+
Phorate sulfone 38.0 49.1 39.6 50.6 100 0 0 554
Gxyphorate sulfoxidet = 5 ¢ 55,1 31,1 3.3 0 0 0 203

Oxyphorate sulfone
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/

oxyphorate sulfoxide ana oxyphorafe sul fone showed the
maximum.direct effect on mortality in 2, 1 and 1 treatments
respectively. When applied at higher doses, the parent
compound showed higher direct effect. FPhorate and.phorate
sul foxide appeared to show a comparatively highef effect

on the test insect and phorate sulfone appeared to be the
least effective. Phorate and phorate sulfoxide showed

a positive and-significant association with the mortality

in seven and six out of the eight treatments repsectively..

. except
In all the treatmentsA in the leaf axil filling done

at 165 DAP, the pérent compound showed a direct positive

effect on the mortality while the direct effect of the other
constituents of the residue showed a positive effect in some
treatments and negative effect in others. The overall

results of the data thus indicatéd that the phora£e and phorate
sul foxide contents in the plants had a more déminent effect

on the test organisms than the other metabolites. Path
coefficient analysis has been tried fof'the first time in
énalysing the relative importance of the phorate precursor

and its metabolites in causing toxicity to the test insect.

The relative toxicities of phorate and its metabolites
as reported by earlier workers (para 2.3.2) do not show a
. general agreement. While the parent compound was reported

to be more toxic to insects by Lichtenstein (1966),



Getzin and shanks, (1970), Schulz et al., (1973) wWalter-
Echols and Lichtenstein, (1977) and Ho and Galley (1982);
prhorate sulfoﬁide and phorate sulfone were found more.toxic by
Harris and Bowman, (1981), and oxyphorate and oxyphorate
sulfone were seen more toxic by Bowman and Casida, (1958). The
variations manifested in the direct and indirect,effects

of phorate and its metabolites on the mortality of the test
‘insect in différent treatments was obviously caused by the
changes in the percentages of the cémponents inlthe plant
tissue partly contributed by the highly reyersible nature

of the oxidativé metabolism of the toxicant within the

plant.,

5.2.1 Absorption and persistence of phorate in banana
plants treated at different growth stages of the

crop

The results presented in para 4.2.1 (Table 6)
showed thét the initial absorption of the toxicant in
treatments done upto 150 DAP were on par as indicated by the

mortality of'g. nigronervosa. - The mortality at 24 DAT did

not show significant variations in treatments done upto 150
DAP. The increasing mortality recorded in each of the
consecutive observations in a treatment is caused by the
cumulative effect of residues persisting in the plant and the
quantum of the toxicant that was being continously absorbed
from the soil;- Since the treatmentsAdone.upto 150 DaP

did not significantly differ in causing the mortality of test



insect at 24 DAT, it may have to be presumed that the-
plants did not show significant variation in the absorption.

of the insecticide upto 174 DAP.

The relation between the residues at 31 to 90 DAT
in treatments done at 0 to 150 DAP (as evidénced by the
mortality of the test insect) and the age of the plant
was reciprocal. Since the périod.of observation relating
to these treatments (upto 150 DAP) fall witbin the period
in which the rate of absorption was not found significantly
varying upto 174 DAP), the low mortality observed in these |
treatments might be attributed to‘the higher metabolic

degradation of the toxicant.

When treéted at 2.5g ai/plant, effective kill of the
insect (above 50 per cent) was obtained in treatments done
at 0, 30, 60, .90, 120 and 150 DAP,.upfo 60, 60, 60, 45, 31
and 31 days after treatment, respectively. Persistent
toxicities were higher and were on par in younger plants
(upto 60 DAP). Obviously,the interval between treatments
may have to be shortened after 60 DAP to ensure adequate

bioefficacy.

In plants treated at 180, and 210 DAP, the
absorption and persistent toxicity of the insecticide were
very low. The resuvlts indicated the need for assessing the

biocefficacy of the third application of the insecticide



at 165 DAP now .being followed for controlling the vector.
The highest mortality observed in the treatments done at
150, iao and 210 DAP, from 3 to 90 DAT were 62.5, 38.35
and 35.8 per cént,respectively. This appears to be low
for the control of an insect vector aiming to prevent the
spread of a virus disease. The persistent ;Sxicities of
pporate with reference to:the varying growth stages of any
crop have not been reported so faf. Obviousiy,the effect
of skipping or preponing the‘third treatment may have to be
studied through field trials for recommendiné a reliable
methodology for the control of the vector population on

robusta variety of banana.

5.2.2 Terminal residues of phorate in the fruits when the
plants were treated at different intefvals after
planting
Results presented in para 4.2.2 indicated that for

ensuriﬁg the total phorate reéidues within tolerance limits

(0.1 ppm) in raw fruits, the insecticide treatment had to be

limited upto 150 DAP (vide Table 7) and for the mature ripe

fruits, the limit could be extended upto 180 DAP. Earlier

reports on phorate residues in banana fruits are not available

in literature.

5.3 Effect of rainy and summer season on the absorption
and persistence of phorate
Results presented in para 4.3.1 showed that the

insecticide contents in the leaf sheath of plants grown and



treated in summer months were significantly higher than
those of the corresponding treatments in rainy season,

when observed at 60, 75 and S0 DAT. At 105 .and 126 DAT
alsq the residues were higher iniplahts treated }n summer. .
The effect of season was not manifested in the earlier

period of the experiment (15 to 45 DAT).

The toxicity of the residues to P. nigronervosa,

h)

observed at different intervals after treatment (vide para
4.3.2), revealed that the effect was more in summer months
rather than in rainy season in all observations except

at 15 and 30 DAT. The presence of higher résidues of

phorate in plants treated and grown in summer months

is in general agreement with the bbservation of ‘VanMiddlem

and Baranowski, (1962) who reported that highest concentration‘
of phorate in tomato plants usually coincided with preceed-
ing peridds of relatively high temperature and rainfall.

fhe relatively lower persistence in the rainy season could

be due to leaching of the insecticide to lower layers.
Agnihotrl et al., (1975) found that phorate persisted

longér (60 days) in brassica plants and in soils under
unirrigated condition than under irrigated condition (45 days).
They also reported that unirrigated plants contained 10.7

per cent more phorate than those grown under irrigéted

condition.

It is well known that the oxidation products of phorate

are highly polar and more water soluble than phorate and
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thus they may get lost through leaching from the soil:

(Getzin and Chapman, 1970, Schulz et al., 1973 and
Lichtensteinigg al., 1974). Obviously, the total phorate
content in the plant is likely to be lower in rainy seaéon
ithan in the summer months due to lesser availability of the

metabolites in the soil.:

5.4.1 Absorption, metabolism and persistence of phoraﬁe
in banana grown in different types of soils in

Kerala'

The results presented in para 4.4.1 showed that the
plants when treated at planting contained less of total
insecticide residues when grown in sandy soil and the highest
when grown in lateritic low land; the content in lateritic
upland and black cotton soils coming in between. These
differences can probably be due to the earlier rooting and
consequent earlier absorption of the insecticide in plants
grown, in lateritic low land. 1In sandy soil the rooting

may be delayed due to low organic matter content in the soil.

During the active phase of absorption (30 to 60 DAT),
the highest residue content was observed in plants grown in
sandy soil and it was followed by latéritic low land and
lateritic upland soils. The least absorption during the
“period was found in the black cotton soil. The high organic '

content of the black cotton soil may render the toxicant less



available to the plant due to greater adsorption (Appleman
and Sears, 1946, Foster et al., 1946, Getzin and'Chapman,
1960 and Lindley, 1963). During the declining phase of
absorption (beyond 60 DAT), a sudden drop in residue content
was observed 1in sandy soil while the declining trend,
though high, was c—omparatively lower in lateritic upland

and it was rather gradual in lateritic low land soil. In
piénts grown in black cotton soil, at 60 DAT, there'was

still an increase in the residue content and the decline

noted after 75 DAT also was very gradual.

The total residue content remained sufficiently
high to give good protection of the crop from the vector
(sufficient to give above 50 per cent mortality based

on LD, -values vide para 4.1.4), upto 75 DAT in plants grown

50
in sandy and 90 DAT in those grown in lateritic upland soils.
In low land soil the persistence was adequate upto 105 DAT.
Inspite of low absorption of the insecticide in plants

grown in black cotton soil, the residue persisted at effective
levels upto 105 DAT. It was due to the longef persistence

of the insecticide in these soils. The results indicated

that the recommendatlon to give the second appllcation of the

insecticide at 90 DAT will hold good for all types of soils

covered in the study.

The content of phorate (parent compound) and the

four metabolites in different periods after treatment showed
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an overall trend similar to that of the total phorate.

The phorate and metabolites remained higher in the earlier
phase {upto 60 DAT) in plénts grown in sandy soil and it
was followed by the contents in plants grown in lateritic
upland and lateritic low land soils. The residue in plants
grown in black cotton soil was the leaét. Tﬁe fall in the
content of metabolites was higher in plants grown in sandy"
\soil followed by that in plants grown in lateritic upland
and lateritic low land.soils. The residues of components -
reached the peak earlier in black cotton soil but the
dissipation was more gradual. \The results indicated that
variations in the residue contents of metabolites depended
on the phorate é&ailability in the plants rather than on the
varia;ion in the rate of metabolism inside the plants grown

in different types of.soil.

5.4.2 Percentages of phorate and metabolites in total
residue content in plants observed at different

intervals after treatment

The results presented in para 4.4.1.2 showed that
the different types of soil were no£ significantly and
consistently altering the percentages of different comﬁonents
of the:  total phorate residue in banana plants when observed
at different intervals after treatment. The data summerised

in Table 17 alsq showed that the plants grown in lateritic
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able 17 Percentages of metabolites of phorate formed through different path ways in plants, treated with the
insecticide @ 2.5g ai/plant at planting, as observed at different intervals after treatment.

nsecticide/ Percentage of phorate and metabolites in leaf sheaths observed at different inter-
stabolite vals after treatment (days)

7 15 30 45 60 75 90 105 120 135 © Mean

Sandy soil

horate 1 60.1 39.0 49.1 47.4 31.2 7.0 7.5 27.1 - - 33.6
horate sulfoxide+ 39.9 55.2  40.4  37.9 37.9  52.7  49.1  65.3 33.4 - 46.8
horate sulfone
xyphorate sulfoxide+ 5.8  10.5  14.6 16,1 43.2  27.2  40.1 100 - 28.6

xyphorate--aul fone

Lateritic low land

horate 55.0 30.1 23.6 28.1 17.8 24.9 8.0 4.1 6.2 - 21.9
horate sul foxide+ 36.3 39.5  36.5  47.6 44.6  40.1  44.9 47.7 36.0 - 38.2
horats sulfone

xyphorate sulfoxide+

xyphorate sulfone 8.7 30.4 39.5 24.3 37.5 35.0 4771 48,3 67.8 100 43.4

Lateritic upland

horate . 52.2 43.4 | 45.7 20.9 25.5 5.1 - 4.5 6.1 8.2 - 22.6

horate sulfoxide+
norate sulfone 45.2 38.8 34.5 67.3 56.4 61l.2 39.9 45.0 67.9 C- 50,7
xyphorate sulfoxide+

xyphorate sulfone 2.2 17.8 19.8 58.4 18.1 33.6 55.6 49,0 23.8 100 37.8

Black cotton soil

’horate 80.0 51.1 18.9 17.4 9.4 9.2 2.7 4.1 4.8 - 20.9

)
horatg sulfoxide+ 19,9 41.8 62.6 69.7 44.8 35.4 37.8 37.8 31.8 67.8 48,7
’horate sulfone .

xyvhorate sulfoxide +
xyphorate sulfone
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low land manifeésted the sulfoxidation route of metabolism 1
in'less.prominent manner than the desulfuratinn route,

while the reverse trend was seen in plants grown in lateritic
upland and black cotton soils. The desul furation pathway

was leést in plants grown insandy soil. Investigations

in this-line are lacking in literature. Lack of a reciprocal
relationship between phorate precursor and metabolites
indicated the continued absorption of the metabolites of
phoraté from the soil upto 45/60 days after treatment.
Saunders and Getzin (1973) Ebserved that higher concentration
of phorate sulfoxide and phorate sulfone in scotspine seed-
lings, five months after application, was dﬁé to the continous
absorp@}tion of those metabolites from the éoil and from the

metabolism of absorbed phorate within the plant tissues.

5.4.3 Persistence of phorate and its metabolites in

different types of soil treated with insecticides

The.resuits presénted in para 4.4.2.1 showed that the
persistence of»phoréte aé shown by the half-life values was
higher in lateritié upland soil and™it was followed by the
persistence in lateritic low land, black cotton and sandy

soils,

The total residues obtained from different types of
soil on the date of treatment showed variations and these
can be attributed to the variations in the recovery percentages

of the pesticide in different types of soil (vide Appendix 1).
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This could probably be due to binding of a part of the
applied phorate to thevsoil fractions. Several workers
have reported the phenomenon of Binding of phorate in soil.
Getzin and Chapman, (1960) found that 14-25 per cent of |
the applied radio active phorate was bound in séndy soil.
The rate of binding was higher ‘in muck soils having high
organic matter content. Bull, (1972) réported the con-

. jJugations with glycosides to be the process by which
organophosphateé get bound in the soil. Lichtenstein

€t al.,(1974) found that the binding ranged from 1.81

per cent in quartz sand to 4.3 per cent in sandy soil.

At 15 DAT the highest content of the residue was
observed in sandy soil, though the mean persistence was
least in this.soil>type. As obsefved in para 4.4.1.1 the
absorption of the inseéticide by the plants grown in sandy
soil in the early phase (due to poor root system) could
ﬁave remained low and that contributed to a higher retention
of the residue in the soil. Between the 15th and 45th DAT
the residue content in the sandy soil droppé& to the level
of 50 per cent (68.5 to 32.2 ppm) whereas the fall in residue
during the period wés reiatively lower in laferitic upland
and lateritic low land soils. Thus the depletion_of the
insecticide residue may be 1linked with the corresponding
high levels of the insecticide uptake in banana plahts

grown in the soil during the period. This relationship
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also indicated that the rise in residue content in the

plants grown in sandy soil was linked more with the

continued absorption from the soil tﬁan with the variatioén

in metabolic degradation within the plant. The soil
depletion of the insecticide can be due to its movement

to lower layers because of less organic matter and clay
contents of the soil. But a similar drop in the residue was
5btained in black cotton soil during 15 to 45 DAT though
there was no proportionate increase in ﬁhe residue content
of the plant. Ih this casé, due to higher clay and organic
matter contents in the soil, a simultaneous degradation

or binding of.the residues also might have contributed

to the dissipation (Getzin and Chapman, 1960 and Bull, 1972).
- Between 45 and 90 DAT there was a drastic fall in the residue
of pesticide in ‘all the types of soil and this drop also

was more in sandy soil than'in other types. During this
phase the residue content in plants also sﬁowed a dropping
tendency. Probably in the plants and in soil, the degrada-
tive metabolism commenses during this phase. The commence-
ment of the degradative metabolism could not be. assessed
from the present investigation since the hydrolytic metabolites

in the samples were not estimated.

Percentage of metabolites of phorate formed through
different pathways as described in para 4.4.2.2 and summerized

in Table 18 showed that the types of soil influenced the



Table 1é. Percentages of metabolites of phorate formed througﬁ
different pathways in different soils treated with
insecticide @ 2.5g ai/plant at planting, as observed

at different intervals after application.

oxide * Oxyphorate

sul fene

Percentage of phorate and metabolites

égizggiiiie/ in boll3amples: observed at different
intervals after treatment (days)
e Ol A5____45___ 90 120 Mean .
Sandy soil
Phorate 88.04 71.16 35,58 132.82 4.81 - 46.48
Phorate sulfoxide + 11.96 24.78 50.33 48,16 40.30 6.11 30,27
phorate sulfone )
Oxyphorate sul f- - - 14,09 22.14 48,57 93.89 44,67
‘oxide + Oxyphorate
sul fone
Lateritic low land
Phorate 86.35 66.65 66.76 30.45 11.36 11,99 45.59
Phorate sulfoxide + 13.65 32.35 33.24 53.44 46.47 37.60 36.13
phorate sulfone
Oxyphorate sulf- - - - 16.10 42.15 54.61 37,62
oxide +-Oxyphorate ’ |
sul fone
‘Laterite upland
Phorate 86,09 68,45 43,82 19.56 5.80 4.20 39,98
Phorate sulfoxide + 13.91 31,55 33.40 69.10 49.15 32.78 38.32
Phorate sulfone A
Oxyphorate sulf- - - 40.78 11.35 45.08 62,43 39,91
oxicde + Oxyphorate'
sul fone | .
Black cotton soil
Phorate _ 91.7 83.50 40.83 1916 5.63 12.97 42.29
Phorate sulfoxide + g 3 19,50 55,60 54.27 60.68 48.10 41.07
Phorate sulfone . :
Oxyphorate sulf- - - 5.40 26.57 33.66 38.92 56.14

- D O o = - — e > - T G - — U S A M S TV P D S S P W G S e T e s S GmD ) GNP e U3 G S N W e TR S DG M G e S e e e S S e o
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content of the parent compound in the soil significantly.
Contentwise the residue at 15 DAT was maximum in lateritic
iow land and it was followed by sandy, lateritic upland and
black cotton soils (28.41, 24.38, 20.25 and 13.17 ppm)

but with reference to the percentage of this component in the
total phorate content, the differences were wider; the
percentages being 66.76, 35.58, 43.82 and 40Q.83 respectively.
This indicated a faster metabolism in sandy soil, lowest
metabolism in lateritic low land and 3 similer variation

in lateritic upland and black cotton soils. Similarly phorate
sul foxide and oxyphorate sulfoxide appeared in the samples
collected at 15 DAT in sandy and lateritic upland soil
whereas in lateritic low land and-black cotton soils,

they could be detected at 45 DAT only. . Upto 45 DAT (the
period of active absorption), the products in desulfurative
metabolism were very low in percentage though at 90

and 120 DAT their pefcentage increased. This was more Que

to the hydrolytic breakdown of phorate, phorate sulfoxide
and phorate sul fone rathe; than due to higher levels of
formation of oxyphorate sul foxide and oxyphorate sulfone.
Quantitatively all the metabolites were very loQ in the

soil at 90 and 120 DaT.

The correlations between the contents of phorate and
its metabolites in soil and plants (vide para 4.4.3) revealed

that there was a strong and significent association between
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them in many observations. Figure 6 also showed that
during the active phase of absorption of the insecticide
-the content in the soil was getting depleted concurrent
with the increase in the conten£ of the residues in the
plants. The results showed that the constituents of the
total phorate found in the plant tissue ére,at léast
partly, contributed from the metabolites'formed in the
soil. This aséociation was less conspicious 'in black cotton
soil. Though the metabolites are more polar than the parent
compound (Getzin and .Shanks, 1970) they may be remainiﬁg
bound to.the organic matter content. Theseobservations
also indicated that the presence of systemic insecticide
and its metabolites in the soils will be greatly influenced
by the capacity of plants, grown in them, to absorb the
toxicant. Hence the persistence of systemic insecticides

in ecosystem may have to be expressed in relation with

its flora,

The persistence of phorate in banana fields, has been
studied for the first time. The half.life of the insecticide
agreed with the findings of Visalakshy,(197§), Chapman and
Harris,(1980) who reported that the persistence in sandy
soils was low as compared to soils with high organic matter

.and clay contents. The high variations in tﬁé half-life of

phorate in various soils by Getzin and Rosefield, (1966)



Fig. 6.

Residues of total phorate (ppm) in

plants grown in treated soils and

the corresponding residues in soils,

observed at different iﬁtervals (days) -
after treatment @ 2.50g ai/plant

at planting.
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was not seen among sandy, lateritic low land and lateritic
upland soils included in the study. Black cotton soil alone

showed significant variation.

5.5 The effect of phorate granules, applied around the
base of plant at planting, on the soil microflora in
different 'soil types, as observed at the time of

harvest.

The results presented in para 4.4.4 indicated that the
application of phorate at plénting did not have any influence
on the population of soil bacteria, fungi and actinomycetes
when observed a£ the'harvest.of the crop. The finding is in
agréement with a number of earlier reports that the initial
alferations caused by the pesticide get corrected over a period
of time (Cyanamid internationa1,1970, Chelliah,1972, Satpathy,

1974 and Varshney and Rana,1987).



SUMMARY AND CONCLUSIONS
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SUMMARY

A series of field and laboratory studies were
carried out for assessing the basic problems related with
the current recommendations for controlling the bunchytop

|

disease of banana by checking the population of the vector

of the disease, Pentalonia nigronervosa Coqg.

~

The results bf the first field experiment and the
chemical assay of the insecticide content, at different
intervals after treatment, gave detailed information on

many important aspects related to the recommendations.,

1. The condition of the plant at the time of
treatment §ignificantly influenced the uptake of the insecti-
ﬁide from the soil. When applied ét the time of planting
the phorate confent in plants, even after 15 DAT (days after
treatment), was low. This may be attributed to the lack of
adeguate number of absorbing foots at that time. Later
experiments showed that there was a significant depletion
of the insecticide in the soil during the first and second
weeks after treatment. The results thus strqﬁgly indicated
the need to shift the first application of the insecticide

to a later period (2-3 weeks after planting).
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2. Tﬁe residue levels of phorate in the planté and
bloefficacy data :eQealed that the applicaéion of phorate at
0, 75 and 165 days after plantihg remained effectivevfor
75, 60 and 45 DAT respectively. The age of the plant at the
time of treatment significantly influenced thé-absqrption
of the insecticide and its pefsistence in the cfop. These
findings indicated the need to revisé the present recommendation

to treat the plants at planting and then at 75 and 165 DAP.

3. The total content of phorate in banana observed at
different intervals after treatment with the doses of 1.25
and 2.50g ai/plant showed that in early stages of the crop
growth the enhancement of the.dose did not enhance the residue
content or the bioefficacy. Thus reduction in the dose of
2.50g al/plant in the current recommendation was stronély
indicated. "It may be desirable to retain the'higher doses
in last treatment since the higher.dose gave higher response
at that stage. But in short duration varieties like robusta

it may lead to residue problem in raw fruits.

4. The residue levels in piant at different intervals
after treatment and the corresponding bioefficacies revealed
that the absorption and the retention of the insecticide was
significantly lower when the granules were applied in leaf
axil than when applied in soil. Hence fhe current recommenda-
tion to use 1.25g ai/plant in leaf axil in lieu of 2.50gr
ai/plant at base for the second and third #reatments is

illogical and needs correction.,
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5. The results of ‘biocassay studies carried out
throughout the experiment revealed that the mortalities of
the:vector, even when confined at feeding sites in cages,
varied from 28 to 100 per cent and the freduency of occurrence
of 100 per cent kill in various treatments was limited.

\ :
Still the treatment had been established as an effective
-method for controlling bunchytop disease. The results indi-

cated that 100 per cent control of a vector is not a must

for checking the spread of virus diseases of plants.

The data on contents 6f the toxicant obtained from
the chemical assay of the residues in plants and mortality
. of the test insect obtained from the biocassay studies were
- seen strongly assoc1ated when statistically analysed. Path
coeff1c1ent analysis of the data also established thlis asso-
ciation and about 98 per cent of the mortality of the insect
could be attribuféd to.the content of insecticide and its
metabolites in the plants. Based on these observations the
dose-effeét relationship was studied through probit analysis
of the data. Such analysis have not been done by earlier

workers. This study has led to the following conclusions.

1. The LD50 of total phorate in the leaf sheath
ranged from 1.2 to 2.7 ppm during the period of active

absorption of the toxicant (upto 60 DAT) while it increased



to 3.15 to 3.6 ppm at later periods (after 60 DAT). It
indicated that the residues at later occasions contained

some less toxic components.

2. The age of the plant did not influence the
quantity of the pesticide content required, in the leaf sheath,

for causing the mortality of P. nigronervosa  feeding

at the site.

3. The residue content of the plant in many of the
observations made at different periods after treatment
exceeded even the ngo levels. This indicated that the
guantity of the pesticide often exceeded the optimum
guantity in plants. Such high dose might lead to wastage

of thé insecticide due to metabolic degradation in the plant

and in soil.

The identification and estimation of the metabolites
of phorate was done for the first time in banana. A simple
TLC technique followed by colorimetry using a spectro-
photometer was stan@ardized for the purpose, modifying the

methods of Blinn (1963).

Four metabolites, phorate sulfoxide, phorate sulfone,
oxyﬁhorate sul foxide and oxyphorate sulfone could be
detected.-and’ they were estimated at different intervals
after treatment. A transient spot presumed to be of

oxyphorate also could be identified in some samples which
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could not be quantitatively estimated for want of

reference material. The studies revealed that:

1. All metabolites were present in the leaf sﬁeath
at 15 DAT)when the assay of the residues was first done,
except in treatments done at planting. The difference might
be attributed to the lack of absorbing ronts rather than to

the lower metabolism.

~

2. The parent compound and the metabolites showed
an increasing trend till the total residue content in the
plant reached the peak and then declined. The rate of fall
in content was a little lower in older plants indicating

‘slightly slower metabolic rate in them.

3. The decline of phorate suifoxide was a little
slower than .that of phorate and phorate sulfone and the
content of oxyphorate sulfoxide and oxyphorate sulfone

persisted slightly longer.

4. The data obtained from the first experiment and
those from one of the later experiments clearly indicated
that the residues of metabolites in bénana plants were
partly formed by the metabolism of the absorbed phorate in:

the plants and partly by direct absorption from the soil.

5. The varying doses of phorate applied to the soil
did not significantly affect the trends of metabolism of

phorate in banana plants.
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6. Rate of metabolism as indicated by the content
of metabolites was slower in older plants (165 DAP) and

also when the granules were applied in leaf axils.

7. Assessment of percentage of phorate and its
metabolites in the total residue in plants showed that the
percentage of phorate and phorate.sulfoxide were inversely
related. The percentage of'oxyphorate sul fone showed an

~

/increasing trend from 15 to 90 DAT.

8. A regrouping of the data under the different
metabolic pathways revealed that sulfoxidations of,thioetﬁer
moiety and desglfuration commenced within the plant soon
after the absorption of the toxicant. In general, the
former had aﬁ upper hand in earlier phase while the latﬁer

. was dominating in the later phase.

The correlation between the content of  the parent
compound/metabolites and the mortality of the test insect
showed that the association was statistiéally significant
for-phorate and phorate sulfoxide than for tHe other
metabolites. The path coefficient analysis also showed
that phorate and phorate sulfoxide had a more dominent
direct positive effect on the mortality of the insect than
the remaining metabolites constit&ting the residue content.
. This may be the effect of the highér content of the
former metabolite in the total residues (vide Table 4),

observed at different intervals after treatment and/or due to
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its higher toxicity. The inconsistency in the effects
of the parent compound and metabolites on the mortality
of the insect observed in different treatments indicated
the reversibility of the oxidative reactions of the insectiwx

cide in the plant tissue also.

The persistent toxicity of phorate applied @ 2.50g
al/plant at different intervals after planting was assessed

following standard biloassay methods using P. nigronervosa

as test insect. The objective was to study the .effect of
age of the plant at the time of treatment on the absorption
and persistence of phorate in treated plants. The results

revealed:

1. The absorption of the pesticide was not varying in
plants treated from 0O to 150 days after planting. ‘When treated

at 180 and 210 DAP the absorption was very low,

2. The persistence of the insecticide in plants\
treated at 0-150 DAP did not vary to cause significant
variations in the mortality of the test insecfAupto 24 DAT,
In subsequent observations biocefficacy and the age of the

plant showed an inverse relation.

3. In plants treated upto 60 DAP and at 90, 120
and 150 DAP adequate mortalities (above 50 per cent)
were observed upto 60, 45, 31 and 31 days after treatment,

respectively. Hence intervals between successive treatments
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at later stages of the crop may have to be shortened for

ensuring the required bicefficacy agaihst the vector.

‘ 4, The toxicity of phorate in plants treated at 180
and 210 DAP failed to control the vector effectively at
any occésion after the treatment. The efficacy of the third
treatment at 165 DAP, now being followed, may have to be
rechecked under field conditions especially when a short

~

duration variety like robusta is involved.

For ensuring the terminal residues'of insecticides
in raw and ripe fruits below tolerance limit the application

of phorate @ 2.5g ai/plant had to be limited upto 150 DAP.

The absorption, persistence and biocefficacy of phorate
applied at 1.25 and 2.50g ai/plant as influenced by the

seasons was investigated. The results indicated that:

1. The absorption of the insecticide was significantly
higher in plants grown in summer season than in the rainy
season at 60, 75.and 90 DAT. The difference. was not

significant at the other periods of .observation.

2. Application of higher dose of insecticide
- resulted in significantly higher residue contents in plant
parts at 45, 60 and 75 DAT in rainy season and at 30, 60

and 75 DAT in summer season.

3. The insecticidal effect (P) persisted for 90
days in rainy season while it persisted for 105 days in the

summer season in both the doses.
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4. The average toxicity (T) was higher in summer

season than in the rainy season at both the doses.

5. The overall biocefficacy of the treatments based
on persistant toxicity (PT) index was found to be higher

in summer months in both the doses than in the rainy season.

The metabolism and persistence of phorate in different
types of soil of Kerala and in the banana plants grown in
them were investigated. The study led to the following

findings.

1. The total ?esidue content in the plants grown in
different types of soil showed that the initial absorption
(at 7 and 15 DAT) was the highést in plants grown in
lateritic low land and it was leasﬁ in sandy soils. The
plants grown in lateritic upland .and black cotton soils came
in between. This is attributed to the earlier rooting of
the plants grown in lateritic low land followed by those

grown in lateritic upland, black cotton and sandy soils.

2. The absorption during 30 to 60 DAT was higher in
plants grown in sandy soils and it was followed by the plants
grown in lateritic low land, lateritic upland and black

cotton soils.

3. The residues persisted at effective levels upto
75" DAT in plants grown in sandy and 90 DAT .in lateritic upland
soils while in lateritic low land and black cotton soils the

persistance was upto 105 DAT.
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4, The results indicated that there was no need
for varying the schedule of treatments against the vector

for plants grown in different types of soilg in Kerala.

5. The residues of phorate precusor and metabolites
in banana plants observed at different intervals after
treatment showed a trend similar to that of the total
residue in plants gfown in different types of soil. This
indicated that the variations were caused more by the
variation in absorption of the insecticide than by the

differences in the rates of metabolism within the plant.

/

6. The estimation of the percentage 6f different
components of the total residue formed by the different
metabolic routes showed that in plants grown in sandy
soils thé sulfoxidation of thioether moiety was predominant
while desulfuration pathway was more predomingnt in plants

grown in other types of soil.

The long term effect of the application of phorate
granules (applied at planting) on the population of fungi, .
bacteria and actinomycetes in different types of soil
was assessed at the time of harvest of the crop.. It was
found thgt the population of the microflora was not signi-

ficantly affected in any of the four tipes of soil.

[Toz2 |l
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APPENDIX - 1

Percentage recovery of phorate and metabolites from plaht, fruit and soil samples--

giﬁ?izg Leaf Fruits Fruits Soil Samples

Qitﬁ sheath unripe ripe Sandy Clay Laterific Black
‘ loam upland cotton -

Phorate 95.4 92,3 90.5 95.8 90.4 92.0 88.2

Phorate . .

sulfoxide 91.6 - - 88,3 82.0 82.4 78.2

Phorate :

sul fons 83,3 - - 89.1 80.6 81.2 78,0

Cuyphorate ‘ : -

gul foxide - 80.4 . - - -92.2 - 82.2 85.8 77

Jnyphorate : : ]

sl fone B82.4 - - 91.2 80.0 85.0 74.4




APPENDIX = 2

Summary of Analysis of Variance tables of the uptake, translocation and persistence of phorate
applied at different doses at the root zone and leaf axils of banana at different intervals
after planting (vide Table - 1) .

|

Mean squares at different intervals (days) after application

Source - 4af
15 30 45 . 60 .75 90
. . ) * * *
Replications. . 5 0.421 0,907 1.612 3,669 1.0264 0.185
: . ' &k k& T *k * & . kk
Treatments _ 7 4,571 25.834 52,140 105.416 - 39,229 8.765
Root Zone
. *k & e ik * &
A (Doses) : 1 5.452 83.284 45,147 4.926 -2.856 7.173
* K *k ok * & *k . P
B (Time) 2 1.700 1.093 61.552 201.526 67.049 6.378
* % # % * K ok
AXB _ 2 1.187 0.091 5.257 2.758 0.425 2.167
Leaf Axils
' * & & X '
Between times 1 0.094 0.004 _14.480 4,498 2.805 0.299
(75 vs 165) . .
*k * Kk : * % . * ok e *
Between Methods 1 11.571 43,520 67.455 109,088 55,538 19.262

Error A 35 0.080 0.103 0.010 0.469 0.887 0,0589




APPENDIX - 3

Summary of Analysis of Variance tables of the bio-efficacy of phorate applied at different
doses at the root zone and leaf axils of banana at different intervals after planting, to
P. nigronervosa (vide table - 2)

Source af Mean squares at different intervals (days) after application
.15 30 45 60 75 30
A%k xh AR * * K % &
Replications 5 489.65 441,35 274,28 38.48 748,12 699,93 .
*k . * * ** * X * %
Treatments A 7 1174.69 1111.09 2494 .45 5295,15 4724 .56 1196.96
Root zone :
Ak * * * X * k L& *
A (Doses) 1 1252.22 1932.53 2718.67 319.28 391.04 421.16
* * * k& * ok : # %
B (Times) 2 878.14 490,12 1749,.92 8990.56 7507.89 1018.51
* * % R & & **
A XB 2 101,33 145.88 936.31 156.22 319,69 225,24

\

Leaf axlls

’ * * * & w
Between Times 1 5,32 71,70 142.34" 54.86 426.36 360.59"
{75 vs 165) ‘ '
. ~. AR * k * % * % * % * %
Between Methods 1 2656.99 2279.24 4238.77° " 7808.06" " 7150.24%% 2715.47

Error 35 39.48 25,40 52,07 7.87 148.39 78.88




 APPENDIX - 4

Summary of Analysis of Variance tables of the absorption and translocation of phorate
(@ 2.5 g ai/plant applied at the root zone) 1in banana treated at different growth stages
of the crop. (Mean corrected mortalities of aphid -~ angular transformation)

Mean sqguares at different intervals after treatment (days)

Source daf
: 3 10 17 - 24
*
Replications 7 70.032 67.792" 103.886 121.016
& & * X * A &
Treatments 7 1911.666 1927,597 1273.634 478,801
(Growth stages) '
Error 49 53.974 28,733 42,241 71.580
Source af Mean squares at different intervals after treatment (days)
: 31 45 60 30
* % kK * oy
Replications 7 420,109 218,837 209.862 327.230
[ R ¢] *k W K w %
Treatments 7 2447 .520 4709.395 4057.807 796,211

(Growth stages) ,
Error 49 85.018 51,310 85.442 83.992




APPENDIX = 5

Summary of Analysils of Variance tables of uptake, translocation and persistence of phorate
applied at the root zone of banana in the rainy and summer seasons (Residues of phorate (ppm)
at different intervals)

1

Source df Mean. squares at different intervals (days) after application
' 15 30 45 60 75 90 105 . 120

Replications . 7 0.541 1.633 6.569 2.704 1.154 0.601 - 0.068 0.064
' ' * & * * * %

A (Seasons) 1 0.001 0.034 0.000 40.163 52.849 7.198 0.226 0.086
P33 * & 5. 23 x* % &

B (Doses) 1 0.112 19,636 13.266 90.511 47.317 10.352 0.000 0.095

AXB : 1 0.127 1.576 0.698 1.968 6.134 4,898 0.253 0.146

Error 21 0.267 2.069 1.484 1.247 1.725 0.511 0.161 0.139




APPENDIX = 6

Summary of Analysis of Varilance tables of bio-efficacy of phorate applied at the root zone

of banana in the rainy and summer seasons to P. nigronervesa at different intervals.

(Mean corrected mortalities of aphid - angular transformation)

Mean squares at different intervals _(days)

Source l , af

15 .30 45 60 75 90 105
*
Replications 7 9,13 14.91 137.54 26.42 14,70 110.89 123,18 .
*k ook *k *k * ¥
A (Seasons) 1 1.59 0.07 461.14 4875.75 856.64 684,22 367,81
. hk- * & hk * K L%
B (Doses) 1 105.09 1058.58 1551.50 2000.89 2020.26 245.03 90.28
%k &k ek *% * ok
A-X B 1 268,93 485,70 31.06 409.72 615.64 314.94 90.28

Error 21 13.80 18,10 44,28 - 17.55 9.65 36.90 3.61




APPENDIX = 7

Summéry of Analysis of Variance tables of the persistence and metabolism of phorate in

banana plants grown in

-

Sandy Soils.

Mean squares of phorate and metabolites

Source df -
Phorate Phorate Phorate Oxypherate Oxyphorate’
_ sul foxide sul fone. sul foxide sul fone ‘
Replications . 4 1.239 0.810 0.166 0.561 0.563
L& * % * * * A L34
Periods 9 29,415 9.463 3.428 1.246 0.951
Error 36 0.437 1.229 0.280 0.334 0.299

APPENDIX - g8

Summary of Analysis of Variance tables of the persistence and metabolism of phorate in

banana grown in Clay loam soil.

Mean squares of phorate and metabolites

Source af Phorate Phorate Phorate Oxyphorate Oxyphorate
sul foxide sul fone sul foxide sul fone

Replications 4 0.121 0.657 0.327 '1.628 0.041
. ** * i & A % % *

Periods 9 6.849 10.067 2.319 3.168 4,787

Error 36 0,420 0.450 0.141 0.626 0.579

—



APPENDIX = 9

Summary of Analysis of Variance tables of the peréistence and metabolism of phorate in
banana plants grown in lateritic upland. ’

Mean squares of phorate and metabolltes

Source arf

Phorate Phorate Fhorate Oxyphorate Oxyphorate
sul foxide sul fone sul foxide sul fone
Replications 4 0.393 0.287 0.356 0,172 0.322
’ * % % & W& * ’ . .4
Periods S 6.890 9.665 4.562 0.891 0.953

Error 36 0.141 0.433 0.365 0.247 0.211

APPENDIX - 10
Summary_of Analysis of Variance tables of the persistence and metabolism of phorate in
banana plants grown in black cotton soils. '

-

Mean sguares of phorate and metabolites

Source df

Phorate Phorate Phorate Oxyphorate Oxyphorate
- sul foxide sul fone sul foxide sul fone
Replications 4 0.444 0.056 1.405 0.395 2,152
. * A r
Periods ' 9 1.715 4,686 2.053 . 1.060 . 0,723

Nrror 36 0.315 0.275 0.576 0.530 0.389




/
APPENDIX 11

Summary of Analysis of Variance tables of correlations of concentrations: 6f phorate and
metabolites in plant and soil at 15, 45, 90 and 120 days after application in Sandy soils.

Mean squares at different intervals

Source g af Phorate Phorate Oxyphorate Oxyphorate
Phorate sulfoxide sulfone sul foxide sul fone
At 15 days after application
, * : *
Due to regression 1 0.651 2.221 0.135 - : 0,240
Deviation from regression 3 0.013 0,232 0.046 - 0.014
At 45 days after application
’ ‘ * S ' * ' *
Due to regression 1 6.078 9,035 0.136 3.025 6,558
Deviation from regression 3 0,372 0.571 0i.148 0.024 0.124
At 90 déys after application
’ * W
Due to regression 1 0.238 3.146" 1.637 0.326 0.623
Deviation from regression 3 0.032 0.045 0,031 0.103 0.015
At 120 days after application
Due to regression 1 - - - . - 0.010

Deviation from regression 3 - - ‘ - - 0.008




APPENDIX - 132

Summary of Analysils of Variance tables of Correlations of concentration of phorate and
metabolites in plant and soil at 15, 4%, 90 and 120 days after application in clay loam

soils,
Source af Mean'squares at different intervals'
' Phorate Phorate Phorate Oxyphorate Oxyphorate
sulfoxide sulfone sul foxide sul fone
At 15 days after application
Due to regression 1 0,301* 0.844* 0.168 - -
Deviation from regression 3 0.007 0.028 0.180 - -
At 45 days after application
& * *
Due to regression 1 8.997 4.489 0.719 .0.053 0.180
Deviation from regression 3 0.187 0.367 0.006 0.011 2.367
At 90 days after application
) C ok * *
Due to regression 1 0,741 3.483 - 0.765 6.123 2.421
Deviation from regression 3 0.064 0.104 0.105 0.575 0.182
At 120 days after application
* *
Due to regression 1 0,016 0.011 0.298 0.161 0.556
Deviation from regression 3 0.021 0.061 - 0.021 0.032 - 0,004




APPENDIX - 173

Summary of Analysis of Variance tables of Correlations of concentration of phorate and
metabolites in plant and soil at 15, 45, 90 and 120 days after application in lateritic
upland soils.,.

‘Mean squares at different intervals

Source df Phorate - Phorate Phorate  -Oxyphorate Oxyphorate
@ sulfoxide sulfone sul foxide sul fone

At 15 days after application

Due to regression 1 0.551°  1.703" 0.114 0.001 0.930

Deviation from regression 3 0.011 0.030 0.502 0.103 0,169

At 45 days after application

Due to regression 1 0.788 0.994 0.238 . 0.330 0,092

Deviation from regression 3 0.412 0.223 0.373 0.417 0.521

At 90 days after application-

Due to regression 1 0.201" 0.360 0.893 0.555 0.319

Deviation from regression 3 06.017 0.007 0.326 0.554 0.074

-

At 120 days after application
A R x
Due to regression 1 0,019 0.118 0.221 0,038 0.035

Deviation from regression 3 0.001 0.004 0.016 0.012 0.038




APPENDIX ~ 14

Summary of Analysis of Variance tables of Correlations of concentration of.phoréte and
metabolites in plant and soil at 15, 45, 90 and 120 days after application in black

cotton soil.

0.162 0.497 1.519

Sdﬁfce af Mean squares at different intervals
Phorate, siffSidae ghofare  Jnybhorere  Oxymhorate

“At 15 days after application

Due to regression 1 2,120 0.053 0.169 0.052 -

Deviation from regression 3 0.571 0.495 0.203 0.119 -
At 45 days after application

Due to regression 1 1,632 1,141 2.445 0,002 0.619

Deviation from regression 3 0.564 0,250 1.771 0.127 J0.246
At 90 days after application

Due to regression 1 0.065 0.072 0.410 0.085 1.970

Deviation from.regression 3 0.028 0.069 0.996 0,492 1.854
At 120 days after application

Due to regression 1 0.049 0.160 . 0.144 0.031 0.337

Deviation from regression 3 0,019 0.644




Appendix - 15
Weather data during the period of the experiment (1985)
for assessing the effect of seasons on:the persistence

of phorate in banana plants (vide Tables 8 and 9)

Period Temperature Rain- Relative
Date/Month after (Average) fall humidity
treat-~ Max. Min, (Total) (Average)
ment (°c) (°c) (mm) Mor. - Even-
(days) . ing ing
: % %

N e W P W = S R W D D D S W SIS T TR G S D G G G T N i e G G O G G S-S S D S WD R S TR S GED G G M TS CDe e SN D E SR L e S - GE G — -

Summer Season

Feb S - Feb 20 .0 -.15 34.1 22,3 0 87 46
Feb 21 - Mar 7 16 - 30 35.9 23,3 0 46 62
Mar 8 - Mar 22 31 - 45 36.8 24,2 0 78 34
Mar 23 - Apr 6 46 - 60 35.6 25.4 2.0 84 56
Apr 7 - Apr 21 61 - 75 35.8 24 .8 17.3 83 54
Apr 22 - May 6 : 76 - 90 36.2 26,3 0 81 51
May 7 - Ray 21 91 - 105 33.6 24,8 125.6 88 63
May 22 - Jun 5 106 - 120 29.1 25.0 280.5 94 83
Jun 6 - Jun 20 121 - 135 29.0 22.9 350,9 92 82

Rainy Season

Jul 22 - Aug 6 0 - 15 28,7 22,5 210.7 93 78
Aug 7 - Aug 21 16 - 30 28.6 23,1 214,5 93 81
Aug 21 - Sept 5 31 - 45 29,6 . 23,6 31.5 94 75
Sept 6 - Sept 20 46 - 60 29.6  22.7 48,2 93 72
Sept2l - Oct 5 61 - 75 31,3 23,2 16,5 91 66
Oct 6 - Oct 20 76 - 90 30.6 22.6 167.3 92 71
Oct 20 - Nov 4 91 - 105 31.5 22.2 209.8 85 63
Nov 5 - Nov 19 106 - 120 31.3 23,2 11,7 84 65

Nov 20 - Dec 4 121 - 135 32.7 22.4 2.7 86 68
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C"AB STRACT

A series of experiments were carried out for
. ascertaining the basic problems related to the current
recommendations for managing bunchytop disease of banana

through the application of phorate.

The absorption, translocation and metabolism of
phorate applied in the so0oil was influenced more by the
‘condition and age of the plant than by the dose of the

insecticide.

Since the application of 2.50g ai/plant did not
result in corresponding increase in the residue content or’
the - biocefficacy in the early phases of crop growth, when
compared to the 1.25 dose, the latter can be used without

significant loss in efficacy.

A definite dose-effect relationship existed between
the phorate content of plant and the mortality of P.

nigronervesa confined at feeding sites.

The median lethal doses of the insecticide content
of the élant tissue were higher during declining phase of
absorption as compared to those obtained during the active
absorption phase. The result indicated the lesser toxicity
of some components in the total residue during the later

phase of the crop.



Application of phorate granules in leaf axils
was less - effective than the treatment done in the soil
and hence the current recommendation to use less quantity
of insecticide when applied in the leaf axils has to be

altered.

A simple technique for the seperation, identifi-
cation and quantification of phorate and its metabolites

Al

was developed.

Phorate and phorate sul foxide contents of the
total residue showed inverse relationship with each other
while the other metabolites did not exhibit a clear relation-

ship among them.

Phorate and phorate sulfoxide exhibited more positive
direct influences on the mortality'of the vector than the other

metabolites,

The absorption and toxicity of the insecticide cohtent
in plants did not vary significantly upto 174 DAP, when
applied ® 2.50g ai/plant at different intervals after planting,
Absorption was very low when the insecticide was applied at

180 and 210 ,paP.

For ensuring residues within tolérance limits (0,10 ppm)
in raw fruits, the insecticide treatment has to be limited to
150 DAP and for ripe fruits the limit can be extended upto

180 DAP.



The absorption and persistence of phorate and
metabolites was significantly higher in plants grown in

summer season than in those grown in rainy season.

The absorption of insecticide was high in:sandy.
soils and it was lowest in black cotton soils during

the active absorption phase.

The insecticide persisted at effective levels for
<

2 75 days in sandy; ‘90 days in lateritic upland and 105 days

iin black cotton soil.

Sul foxidation of the thicether moiety was the'

dominent metabolic pathway in sandy soil while desulfuration

pathway was predominent in the other three soils.

Applicatlon of phorate at plantlng, @ 2.50g ai/plant
dld not adversely affect the soil mdcroflora as observed

at the time of harvest of the crop.
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