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INTRODUCTION

The use of pesticides has become indispensibie for
modern strategdy of crop production particularly under an
intensive égricultural programme, Regardless of the method
of application, large amounts of pesticides ultimately find
their way into the soil, which finally acts as a reservoir
for most of these chemicals. They are then acted upon by
various physical, chemical and biclogical factors
independently and/or in combination, thus leading to the
formation of a wide variety of end products (Bailey and

White, 1970),

Carbofuran is one'of the widely used carbamate
insecticides which was develeoped by FMC as a contact and
systemic insecticide in 1969, It is being used as a broad
spectrum insecticide for the control of sucking and chewing
insect pests of rice, banana and many other crops. Carbofuran
has a high acute toxicity but a rather low dermal toxicity.
Hence it is most effective as a systemic insecticide when
applied into the soil, in a granular form (IRRI, 1975).
Owing to the low mammalian toxicity and persistence of

carbamate pesticides, their use in pest control is getting



momentum now a days, as a substitute for the highly

persistent chlorinated hydrocarbons.

Once the insecticide is applied to the soil,
movement and degradation are the major processes that control
its accumulation in the s¢il environment and plant uptake.
Ground water contamination by leaching is another aspect of
serious health concern with respect to the scoil applied

insecticides (Cohen et al., 1984; Hallbeg, 1989).

Another concern in respect of soil insecticide is
the persistence which was used as a synonym to indicate the
rate of transformation. According to ITUPAC, persistence is
the residence time of.a chemical species in a specifically
defined compartment of the environment (Green halgh, 1980).
flence not only transformation, but any process that affect

the disappearance of the chemical from the plough laver (for

instance, adsorption - desorption, movement, leaching etc.f
can influence the persistence of a chemical in soil. (Jury
et al., 1983; Pestmer et al., 1988). 1In agricultural lands,

transport/movement of the chemical in the soil is also
important since pesticide redistribution in the root zone

enhances its efficiency.



With the introductioﬁ of high yieilding varieties
and the consequent adoption of better management practices,
massive doses of carbofuran is being used extensively for
pest control in rice, banana and vegetables in Kerala.
Experiments on environmental fate studies of this chemical
such as movement and distribution in‘soil, adsorption in sojl
system, persistence in the surface and subsoil and
identification and bio-availability of residues are to be
conducted in the major soils of Kerala with varying physico-
chemical properties. Information generated on the above
éspects will be useful in formulating efficient pest control
strategies, Further, this will also help to reduce the
hazardous effects to nontarget organisms of the soil and the

environment,

Eventhough the major soils of Ker;la show wide
variation in physico-chemical properties, recommendation of
carbofuran for a crop is the same in all the so0ils
irrespective of ites properties. As the fate determining
process of carbofuran in a s8cil such as leaching, wmovement
and distribution, persistence and degradation are highly

dependent on soil properties such asgs pH, organic matter
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content, CEC, clay content, hydrauliec conductivity etc.

(Helling, 1971; Rajukkannu, 1982; Neera Singh et al., 1990;

Somasundaram, 1991), there is every possibility of getting

differential response for carbofuran in Kerala soils.

Keeping the aforementioned facts in view, the
present study has been undertaken with the following
objectives which are hitherto unstudied aspects of pesticide

research in Kerala.

1. To study the movement and distribution pattern of

carbofuran in soil columns.

2., To prepare a model for defining the influence of soijl

ﬁroperties on carbofuran adsorption and movement in soil.

3. To study the leaching losses of carbofuran and its

persistence in the major soils of Kerala.

4. To identify the degradation products or metabolites and

their persistence in the major soils of Kerala.
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REVIEW OF LITERATURE

Carbofuran (2,3—Dihydro—2.2—Dimethyl—‘7Benzofuranyl
Methyl carbamate) is an important soil insecticide grouped
under carbamates with the molecular formula CIZHISNOQ' The

structural formula of Carbofuran is given below,

. o]
. ]
: C—=HMNH.CH3
0 CHa
CHg

Carbofuran is considered to be less persistent in
soil compared to organochlorine compounds. Persistence and
bioavailability of carbofuran in soil is decided by processes
like adsorption - desorption, movement and leaching,
degradation and metabolism. A brief review of the research
work done on the above aspects of carbofuren and its
interaction with goil components is given below.

1. Adsorption - desorption

Hamaker et al. (1986) reported that there is

stronger adsorption of picloram and 2,4,5-T by Fe and Al



oxides than clay minerals. They further stated that although
crystallised and amorphous Fe and Al hydroxides are generally
poor adsorbents, they are important in the sorption of weak
acidic compounds. Adsorption mechanism of carbamate was
reported to be through low energy (< 80 kJ mol_l) bonding and
was considered to be due to hydrogen bonds (Bailey et al.

1968) .

Helling et al. (1871) reported that organic matter,
pH, clay, cation exchange capacity and field moisture

capacity are the major factors that influence the ‘behaviour

of pesticides in soil.

Jamet and Piedaliu (1975) found that the isotherm
for the adsorption and desorption of labelled carbofuran in
nine types of soils satisfied the Freundlich®'s equation and
adsorption was reversible and increased with increasing

organic matter content.

Felsot and Wilson {(1980) has shown that carbofuran
was very mobile in the agricultuyral soils and adsorption of
carbofuran was positively correlated with organic matter

content (Rz = 0.98) and CEC'(R2 = 0.83). According to them



there appeared to be a direct relationship between adsorption

of carbofuran and its mobitity in soils.

Garg (1982) studied the adsorption, desorption and
degradation of carbofuran and bendiocarb in soil and found
that organic matter and clay content are the important
factors that control the availability of carbofuran through

adsorption - desorption mechanisms and in degradation.

Ra jukkannu and Sree Ramulu (1982b) conducted a
detailed study on the adsorption of carbofuran in red,
alluvial, black and laterite soils. They found that the
adsorption isotherm of carbofuran follows a Freundlich's
adsorption eguation X/M = KCl/n where X/M = Quantity of
carbofuran adsorbed per unit weight of soil or clay, C =
equilibrium concentration X = constant and n = constant which
indicate energy of adsorption., The K value for red, black,
alluvial and laterite soils were 9.09, 15.14, 0.56 and 70.79
respectively. The variation in clay content, organic matter
and pH were attributed for this observation. In correlation
studies, organic matter was highly correlated with Kd (ratio
of the quantity of a compound adsorbed per unit weight of the

adsorbent to the equilibrium concentration) values (0.98)




while pH and EC were found to be negatively correlated.
Cation exchange capacity and sesquioxides had non significant
relationship with Kd values. The Kd values were highest in
laterite scil followed sequentially by black, alluvial and

red soils.

Ga8rg and Agnihotri (1984) evaluated the adsorption
of carbofuran and bendiocarb on aliuvial soil, red soil,
black soil and forest soils and in reference clays like
bentonite, vermiculite and Kaolinite at pH 5, 7 and 9. They
found that the amount adsorbed was related to the clay
content and organic carbon and decreased in the order
bentonite > vermiculite > Kaolinite. The adsorption increased
with decreasing pH values. The infra red spectra showed
shifting of bonds on adsorption of insecticides in 2920,
1745, 1225 cn”! indicating that - CHy,, C = 0 & ~ C - 0 - C
groups were involved in adsorption. Only about 18 to 43% of

the adsorbed carbofuran could be desorbed.

Somasundaram et al. (1987) studied the effect of
manuring on the .persistence and degradation of carbofuran and
found that in continuously manured s0il, persistence of

carbofuran was drastically increased. According to them
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organic matter is a ma jor adsorbent in the soil and the

persistence of carbofurarn was positively correlated with its

content.

Kumari et al. (1988) studied the adsorption and
movement of carbofuran using two Indian soils (clay loam &
silt loam) of allﬁvial origin. Equilibrium adsorption
coefficient (K) values measured using a batch - slurry

technique followed the order clay loam > silt loam sail.

Singhal et al. (1988) evaluated the influence of
particle size and other pﬁysico—chemical properties of the
soils on the adsorption of carbofuran. The influence of the
particle size on adsorption of carbofuran was investigated by
mixiqg the insecticide with the soil sample at 50 pg/g. They
observed that the recovery of carbofuran after | day, 7 days
and 14 days was directly proportional to the particle size

and inversely proportional to the duration of contact.

Adhikari and Ray (1990) observed that adsorption
isotherm of carbaryl on a model so0il was "8" shaped and
followed the F}eundlich’s equation. The adsorption was
mainly dependent on the availability of adsorbent surface and

was found to be physical in nature.
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Crepeion et al. (1990) has shown that the addition
of coal to soil at 4:1 soil : coal ratio retained 94.7%of
applied Carbofuran as compared to soil alone which have 48.5%
retention. Moisture content of the coal was positively

correlated with retention.

Neera singh et al. (1990) studied the sorption -
desorption characteristics of carbofuran in 4 soils coliected
from rice growing areas in-India. They reported organic
matter as the most important factor which determined the rate
of sorption - desorption of carbofuran. Freundlich's "K" and
specific ordanic sorption of carbofuran in scil was less due
to its low octanol - water partition coefficient (kow). The
desorption rate was lesser with increase in the organic

matter content of the soil,

Achik et al. (1991a) studied adsorption -
desorption and movement of carbofuran in two soils viz. clay
and clay loam and observed that adsorption in both the =soils
followed Freundlich's equation X/M = K¢ 1/ the adsorption
constant K for.c}ay soil which had higher organic matter

cantent was greater than that for loamy clay soil.
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Achik et al. (1991ib) found that carbofuran is a
| .

molecule which tended to desorb and remain in solution. The
estimated values for desorption coefficient of carbofuran
were hlways gignificantly higher than the estimated values
for adsorptlon coefficient, irrespective of the soil. This
indicates that carbofuran is not strongly adsorbed gnd shows

a tendency to desorb whatever may be the soil type.

| Kumari and Singh (1992) determined the adsorption
of carbofuran on forest loam and black silt loam goils
colleicted from India. The result showed that the amount of
carbofuran adsorbed was high in forest loam soils which had a
loweﬁ pH and higher organic matter content,. The adsorption
isotﬁerm in these soils confined to Freundlich’'s adsorption

model .
|

2. ‘Movement and leaching

Many workers studying the movement of a wide
variety of pesticides have reported that peaticides are
leached to a greater degree in the light textured soils than

in heavier textured goils. (Gantz, 1980; Harris, 1964;
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Kearney et al., 1965 and Keys & Friesen, 1968). Changes in
sail texture generally cause a resultant change in soil
gtructure and therefore both soil texture and structure

affect the movement and leachability of pesticides.

Hartley (1961) reported that percolating water is
the principal means of movement of the relatively non
volatile pesticides and found that diffusion in soil is

important only for short distance movement of the chemicals.

Bowling (1970) studied the lateral movement of
carbofuran and reported that carbofuran apptied to flooded
rice moved laterally at the rate of 22.5 cm in 48 hours in

quantities toxic to leaf hopper.

Felsot and Wilson (1980) found that carbofuran was
very mobile in agricultural soils studied and reported to
have a direct relationship between adsorption of the

insecticide and its mobility in soils.

According to Moreale and Bladen {(1982) elution
curves obtained by a method using undisturbed soil columns (1

m deep) showed the leaching characteristics of carbofuran
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likely to contaminate the ground water and resulted in real

contamination hazards.

Ra jukkannu and Sree Ramulu (1982a) conducted a
detailed investigation on leaching and movement of carbofuran
in red, alluvial and black soils using TLC technique
and soil column studies. From the Rf values of TLC, it was
seen that carbofuran is highly mobile in red soil (Rf wvalue
0.75 - 0.8) followed by black soil (0.73 - 0.75), alluvial
soil (0.7 - 0.74) and the least in laterite =oil (0.44 -
0.82). They attributed differences in orgdanic matter content
and clay to this effect. In the column study also Lhe same
trend was observed. In black, alluvial and red soils the
movement of carbofuran was rapid and the effluent contained
as much as 36,5, 41.59 and 55 per cent of added carbofuran
respectively. Bult in laterite soil the effluent contained no
carbofuran residue. In soil columns, depth wise distribution
aiso showed wide variation. In laterite soil 63.39% of added
carbofuran was retained in the top 0-10 cm layer and no
carbofuran residue was detected below 30 cm. But in all other
soils less than 35% of the added carbofuran was retained in
the top layer and residues were detected in all the layers as

well as in the effluent.
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Dibakar Sahu and Agnihotri (1983) found that.when
O.G‘Rg ai/ha of carbofuran was applied, no detectable residue
was observed in sub soil samples at 15-30 cm. They suggested
thaﬁ carbofuran residues are rather tightly adsorbed on soil
parLicles and are not available for leaching through
perqolating water.

Moreale and Bladen (1983) observed that due to
inc%easing utilisation of carbofuran, relatively high water
sol@bility, persistence in soils of low pH (less than 5.5)
~and low adsorption by soil colloids, the migration of this
cheﬂical to relatively deep water table can occur. Residual

amodnts were fairly high and the possibitity of water table
|

contamination depends primarily on the volume of water

present (dilution effect).

Ra jukkannu and Sree Ramulu (1984) conducted
leachate studies of carbofuran in 5§ types of so0il using soil
columns and classified carbofuran as mobile (class IV) in
red, black and altuvial soils while in laterite soil it was
ranked "moderﬁte]y mobile” (Class III). The leaching of
carbofuran was very rapid in red, black and alluvial soils

and the leachate contained 55, 68.5 and 41.5% of the added
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carbofuran. In laterite soil, a major portion of the added
carbofuran was retained in the 1st column section (0- 10 cm)
and the movement was not detected beyond the 3rd column

section (20-30 cm).

Copin et al. (1885) in a field trial studied the
leaching loss of carbofuran in corn field by soil analysis
and observed that no residue was detected at > 10 cm depth.
Residue of carbofuran in the top layer was smaller and

decreased to undetectable limit within 3 months.

As a general rule, Rac et al., (1985) suggested that

pesticides with solubilities > 10 mg 1_! and half lives > 50
days show the highest pectential for leaching and they

included carbofuran under this categdory.

Kumari et al. (1988) studied the carbofuran
movement in soil during water infiltration and found that
larger amount of water was needed for leaching the carbofuran

bevond 152 cm in clay loam soil than silt loam soil.

Radder et al. (1989) conducted an experiment to

determine the leaching loss, movement and distribution of
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carbofuran in soil columns and showed that leaching loss of
carbofuran in black soil increased with t;me up to 72 h where
as in red and laterite soils the increase was only up to 48
h and then decreased. In saline alkali soil, there was no
leaching until 12 h due to the dispersed condition of the
soil, later the leaching increased till 72 h. The quantity of
carbofuran los£ by leaching during 72 h. period in 4 soils
followed the order red soil > laterite soil > black soil >
galine soil. The quantity of carbofuran retained in the soil

decreased with increase in depth.

Lee et al. (1990) studied the fate of carbofuran in
soil anq found that carbofuran is highly mobile in soils and
it moved to a depth of 70 cm under natural precipitation and
evaporat@on conditions in 135 days after application and the
concentration throughout the profile was < 0.02 mg kg -1

soil.

Naitan and Sukhani (1990) compared the vertical
movemen; of carbofuran and isophenphos in soil columns .and
found that vertical movement of carbofuran in soil wasg faster
than isophenphos and 24.8% of the applied carbofuran was

recovered in 10-20 cm layer and 15.3% in 20-30 cm layer In

the 14th day.
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Somasundaram and Coats (1990) studied the mobility

of pesticide using soil thin layer chromatography technique.
They found that mobility of carbofuran was less in clay loam
and silty clay loam compared to sandy loam and loamy sand.
From the sgil properties, they concluded that the low
mobilit; in clay loam and silty loam soil was due to its low

pH, high organic matter and high clay content compared to

sandy ldam and loamy sand soils.

Achik et al. (199ta) conducted an experiment on the
movemenL of carbofuran in soils and influence of so0il type
and aggregate size on the movement of carbofuran. The result
showed that carbofuran leaching in clay soil was greater than
loamy qlay and the product moved through the soil more
rapidly and the total quantity exported by the percolating
water w;s higher in clay soil than in loamy clay soit. The
fine aggregate fraction retarded the movement of carbofuran

and elimination of the fine aggregate fraction increased the

movement of the product in the soil.

Kladivko et al. (1991) conducted an experiment with

subsurface tile drains installed on a low organic matter and
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poorly structured silt loam soil under typical agricultural
management practices. They found that 0.8 to 14.1 g/ha or
0.05 to 0.94% of the soil applied carbofuran was lost in sub

surface drain flow from the soil annualily.

Somasundaram et al. (1991) conducted a detailed
study of the mobility of carbofuran and it's hydrolytic
product - carbofuran phenol using soil TLC technique. From
the result they have shown that carbofuran phenol is less
mobile than carbofuran and soil pH doesn’t has much influence
on the mobility of carbofuran. But CEC, organic matter, clay
content and water holding capacity has got an inverse
relationship with mobility. Of the above factors organic
matter and CEC were the best predictors for the mobility of

carbofuran.

Daniel et al. (1992) conducted an experiment on
dissolution rate of granular carbofuran and found that
carbofuran concentration decreased rapidly as a function of
distance, such that even after 72 hours there was only 1 mg
mI_1 of carbofuran at a distance of 2 cm from the surface of
the granule applied. This data is indicative of the low

molecular diffusion rate of carbofuran in soil and hence
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could not be considered as a major factor in defining

pestic¢ide mobility.

3. Degradation and metabolism

Getzin (1973) reported that chemical hydrolysis in
alkaline soil was the most important mechanism of carbofuran
break down, but in acid and neutral so0il both chemical and
microbial process were involved.

Yu et al. (1974) studied thq degradation of
carbofurén in a model ecosystem and were able to detect the
metabolites carbofuran phenol, 3 hydroxy carbofuran, 3 keto
carbofuran, 3 hydroxy carbofuran phenol and N-hydroxy methyl

carbofuran.

Williams et al. (1978) through a study have
reported that the microbial degradation rate of carbofuran
was 40 times greater in nonsterile scils compared to sterile

soils.

Kandaswamy et al. (1977) studied a

Helminthosporium sp which would degrade greater than 70% of a
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20 ppm amount of carbofuran within 14 days. Strains of

Aspergillus niger and Trichoderma viridae were leas active in

degradation. All the 3 isolates formed hydroxy carbofuran as

an intermediate.

Green halgh and Relangur (1981) observed that when
carbofuran was applied to a humic mesisol, 3 OH carbofuran
and 3 Keto carbofuran were detected as transformation
products. Three hydroxy carbofuran reached maximum
concentration in 1-7 days and 3 Keto carbofuran attained

maximum value in 16-36 days.

Rajukkannu and Sree Ramulu (1981) studied the
degradation of carbofuran in 4 soils under field capacity and
flooded moisture levels and found that there was an
exponential decrease in the concentration of carbofuran whose
dose at initial application was 100 ppm and the process of
disappearance obeyed the first order kinetics. The data
showed the reaction as C = Co © XK' where C = concentration
of carbofuran (ppm) remaining at time “t” (days), Co =
initial concentration added and K = degradation reactio; rate

(dayul). K value was low in soil maintained at field capacity

than in flooded condition and also in laterite soil than in
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red, alluvial and black soils, indicating the slower and
faster degradation of carbofuran in the respective group of
gsoils. Faster degradation according to them was due to the
result of high pH and low organic matter content of black,

alluvial and red soils.

Garg and Agnihotri (1984) studied the degradation
rate of carbofuran in 5 soils and observed that half life
periocd of carbofuran showed wide variation between different
soils. In the case of laterite soil, half life period was 69

days compared to 8 days in black soil.

Brahmaprakash and Sethunathan (1985) reported that
degradation of carbofuran occurred in soils mainly by
hydrolysis and 3 OH carbofuran was found to be the chief

metabolite in soil,

Pestemer et al. (1989) conducted an experiment
under field as well as laboratory condition to study the
degradation of carbofuran and found ghat DT 50’'s
(Disappearance time) under laboratory conditions varied from
2 to 15 d;ys. Similar results were obtained under outdoor

condition toco by the same authors.
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Rouchand et al. (1989) observed 3 Keto carbofuran,
carbofuran phenol and 3-Keto carbofuran phencol as the chief

metabolites of degradation of soil applied carbofuran.

Soudamini Panda and Sethunathan (1989) studied the
influence of soil salinity on the degradation of soil applied
carbofuran. They tried 3 levels of salt concentpation ie. 4,
8 and 10 dS m~! (EC) and found that degradation of carbofuran

was little affected by the presence of added salt.

Arunachalam and Lekshmanan (1990) studied the
decomposition of labelled carbofuran under 4 condition viz.
Sterile flooded (CF), sterile non flooded (SNF), non sterile
flooded (NSF) and non sterile non flooded (NSNF) and observed
that in SF and SNF soil, more than 75% of the added
carbofuran was recovered as residue after 60 dafs. In NSF
and NSNF Soil, more than 75% of the added carbofuran was
metabolised during the same period with 3 Keto carbofuran an&
carbofuran 7 phenol as major metabolites during incubation.

Jae-Koo Lee et gi. (1991) found that after the
application of carbofuran in the s0il, 3 Keto carbofuran

phenol was the major metabolite and carbofuran phenol, 3
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hydrdxy carbofuran and 3 hydroxy carbofuran phenol were found

as minor metabolites.

4. Persistence

In a sandy loam soil Harris (1869), employing
bicassay techniques, found that the carbofuran was detectable
up to 18 weeks after the application. Qp also noticed the
peréistence of this carbamate insecticide for a longer period

in muck soil compared to sandy loam soil.

Gupta and Devan (1974) under Indian conditions
observed much shorter persistence for carbofuran in soils.
The residue persisted only for 35 days when 0.4to 1.33 kg

ai/ha was applied to soil.

Das et al. (1875) found a high persistence for
carbofuran in laterite and black soils of Kerala as shown by

the mortality of Aphis craccivora released on cowpea Vigna

unguiculata grown in the treated soils.

Ra jukkannu et ml. (1977) conducted an experiment in

rice with carbofuran 3 G applied at the rate of 1.25 kg ai/ha
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as 2 equal dozes ie. 15 days after transplanting and 30 days
thereafter. On the First day after application the residue in
soil! was 8.26 ppm which reduced to 1.9 ppm during 30th day.
On the 31st day when the second doze was applied, the residue
became 10.35 ppm which declined to 2.1 ppm on the 60th day.
These results showed that carbofuran persisted in soil for

more than 30 days after application.

Green halgh and Relangur (1981) observed the half
life of carbofuran to be 15-30 days when applied to a humic

mesisol at the rate of 2.24 and 4.48 kg ai/ha.

Ra jukkannu and Sree Ramulu (1981) studied the
persistence of carbofuran and found that it persisted for a
long period in soils at field capacity moisture level than
under flooded condition. Laterite soils recorded a longer
persistence while the black soils registered the least. The
half life value of carbofuran at field capacity ranged from
22 to 47 days and were highest in laterite soils followed

sequencially by alluvial, red and black soils.

Gordan et al. (1982) in field and lab studies on

the persistence of soil applied carbofuran identified soil
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moisture as the most important factor in carbofuran
persistence. He observed no carbofuran residue at a depth of

more than 7.5 cm, 22 weeks after application.

Sahu and Agnihotri (1983) in a study carried out in
Delhi, in the Kharif seasons of 1875 and 1976 showed that
granular formulation of carbofuran applied as a side dressing
€ 0.6 kg a.l1/ha to the maize crop pgrsisted in the soil for

about 30 days in 1975 and 45 days in 1976.

Copin et al. (1985) found the residue of the
surface applied carbofuran in the top soil layer to be very

small and became undetectable within 3 months.

Getzin and Shanks (1990) measured the persistence
of C14 carbony! carbofuran in pacific north ;est soils. The
half life was > 2 weeks in all cases and > 15 weeks in 5
soils. The carbofuran decay curve always possessed an initial

lag phase where soil mixing enhanced insecticide decline.

Rouchand .et al. (1892) studied the persistence of
carbofuran in soils. It was applied to plots in cauliflower

fields, in which pig slurry, cow manure, city refuse or
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mushroom compost had been incorporated. Persistence of the
insecticide was greater (2.4 times) in compost treated plots
than in those without organic fertilizers and the insecticide
protection efficiency was correspondingly better. The result
suggested that the increase in so0il persistence due to
manuring corresponded to greater adsorption of the
ingsecticide on to soil organic matter, thus protecting thém

against microbial activity and degradation.



MATERIALS AND METHODS
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MATERIALS AND METHODS

The present study was conducted in the Department
of Soil Science and Agricultural Chemistry at the College of
Agriculture, Vellayani during 1992-93. Undisturbed vertical
and horizontal soil columns of five different séil types were
used to study the movement, adsorption and persistence of
carbofuran within the soil matrix having varying physico-
chémical properties. This study was undertaken with a view
to define the adsorption and thereby the movement of
carbofuran taking in to consideration the physico—-chemical
properties of these soils. Analysis of so&ls at different
depth, distance and time intervals were carried out to
estimate the concentration of carbofuran and its metabolites
in selected soil columns, The methodologies employed in the

present investigation are summarised hereunder.

1. Materials used

1.1 Carbofuran technical

Technical grade carbofuran supplied by M/s F.M.C

corporation, Middleport, New York was used for the-



preparation of standard soluti

chemical used for the study is

Chemical name
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ons. A full description of the

given below:

2,3- Dihydro—-2, 2- Dimethyl -7

Benzofuranyl methyl carbamate

(

Common name
Molecular weight
Aépearance

Odour

Specific gravity
Vapour pressure

Flamability

Stability

Solubility in water

Toxicity (Acute)

.L D 50 Rat

Dermal

L D 50 Rabbit

Cy2H15N03)

Carbofuran

221.15

White crystalline Solid

None

"1.18 at 20/20°C

2x10 9mm Hg at 33°C

Non—-flamable,
when ignited

support combustion

Unstable in alkaline media and
prone to degradation at
temperature in excess of 130°C

250-700 ppm at 25°C

8.2 - 14.1 mg kg

10200 mg kg !
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1.2 Carbofuran commercial grade

Furadan 3G, granular formulation of carbofuran
(Rallis India Limited, Bombay) containing 3¥%¥ active ingredient

was used for the study.

2. Collection of s0il samples and columns

Five locations, to represent four major soil orders
namely Entisol - (Onattukara region of Kayamkulam - 76° 31’ E
longitude & 99 11 N latitude and Kari lands of Kuttanad -
76° 28' E longitude 9° 26’ N latitude), Inceptisol - (Riverine
alluvium of Chengannur-76° 39’ E longitude 98° 177 N
latitude), Molligol - (Hilly regions of Nedumangad - 77° 2’ E
longitude 8° 43¢ N latitude), and Ultisol - {(MalYappuram - 75°
59’ E longitude 10° 51’ N latitude) were selected for the
study. Banane growing fields of these tracts were located
for collecting soil samples and columns since the chemical is
used extengively for the control! of banana aphids ih these
areas. From each of the above 5 locations, 12 vertical
columns of 50 cm length and 7.5 cm diameter and 5 horizontal

columns of 40 x 10 x 8 cm were collected using p.v.c. pipes
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of appropriate size in the former case and wocden boxes of
suitable size in the latter. Soil samples were also
collected separately from distinct layers of the profile at
10 cm intervals up to a depth of 50 cm to study the physico-

chemical properties.

'2.1 Vertical columns

Undisturbed vertical célumns were collected by the
method as described by Smelt et al. (1981) with slight
modification using p.v.c tubes of 55 cm length and 7.5 cm
inner diameter. The tubes were hammered into the soil to a
depth of 50 cm. Soil surrounding the p.v.c. tube was then
removed up to a depth of 50 cm and the tube with the soil
inside was lifted up after closing the lower end of the tube
with a thick ;otton cloth and sealed either side with high

density polythene sheet to prevent moisture and soil loss

while in transport.

2.2 Horizontal columns

Wooden boxes of size 40 x 10 x B cm with open top

and bottom were used for collecting soils. The boxes were
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placed horizontally and pressed in to the so0il. Soil outside_
the column was removed carefully and a perforated base was
pushed in to the lower side of the box, simultaneously
lifting the column up, supporting the perforated base with
the right hand. The horizontal column of soil contained in
the box was covered at first with thick cotton cloths and
sealed with high density polythene sheet to avoid soil and
moisture loss. The above columns were then transported to

the laboratory for setting up the experiment.
3 Laboratory analyses of soil

The bulk samples collected from the different
layers of the profile representing the various s8oil orders
were ailr dried in shade, gravel and roots were removed and
the samples were gently powdered with a wooden plank, passed
through 2 mm sieve and stored in I kg plastic containers with
screw cap for analysis. Analytical methods employed for
différent physico-chemical characteristics of the samples are

outlined below.

3.1 Mechanical analysis

The mechanical composition of the so0il was
determined by the International pipette method (Gupta &

Dakshinamoorthi, 198Q0).
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3.2 Soil reaction (pH)

Soil reaction was measured in a 1:2.5 so0il water

suspension using a pH meter (Elico-model L1.120)

3.3 Electrical conductivity (EC)

Electrical conductivity was determined in a 1:2.95
soil water suspension using a conductivity bridge (Model .

Elico. CM: 84)
3.4 Single value constants

Bulk density (B.D), particle density (P.D) and
maximum water holding capacity (W.H.C) of the soils were
determined by the Keen - Raczkowski box method (Gupta &
Dakshinamoorthi, 1980)

3.5 Organic matter (OM)

Organic carbon was estimated by Walkely and

Black’s rapid titration method as detailed by Jackson (1971)
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and converted into organic matter by multiplying with the

factor 1. 724,
3.6 Cation Exchange Capacity (CEC)

Cation Exchange Capacity was determined using N
ammonium acetate (pH 7) as per method outlined by Jackson
(1971).

3.7 Anion exchange capacity (AEC)

Anion exchange capacity was determined by

phosphate retention method as detailed by Hesse (1971).
3.8 Total sesquioxides (R,05)

Sesquioxides in the HC! extract of the samples was
estimated by employing the method described by Chopra &
Kanwar (1876).

3.8 Hlydraulic conductivity
Using Jodpur constant head permeameter, hydrautic

conductivity of the samples were determined (Gupta &

Dakshinamoorthi, 1980).
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3.10 Clay minerals

Fine clay of the samples were separated by gravity
sedimentation and were subjected to X-ray diffraction using
Phillips X-ray diffractometer (Model PW 1130/09/60) with Cu -
Ke radﬁation. Identification of the clay minerals present in
the samples were made by'calculating the characteristic d-

spacing,

4. Preparation and treatment of the columns

Vertical columns were supported on a wooden frame
after removing the plastic seal and kept in a vertical
position. At the base of the column a plastic tube was
fitted to collect the leachate. Columns were maintained at
its field capacity by adding adequate quantity of water and
allowing free drainage. To this columns 10 g of commercial
grade carbofuran was added and thoroughly mixed with the
surface soil up to a depth of almost 5 cm. On aliternate days
50 ml of water was added to this columns through the open end
with minimum diéturbance to the surface soil matrix. The

leachate collected at the bottom was taken for analysiavof

carbofuran.



30

Soil Columns collected in wooden boxes were kept in
a horizontal position and maintained at field cap&city after
removing the plastic covering. At the centre of the column a
small hole was made to a depth of 5 ¢cm and 5 g of commercial
grade carbofuran was added. The columns were maintained at

its field capacity by adding 150 m! water in alternate days.
5. Estimation of carbofuran

5.1 Collection of soil sgmpies from so0il columns

At 6 time intervals after corbofurn application
viz., 15t day, 5P day, 10th qay 20th gay, 40th day ang soth
day, two vertical columns from each soil type were taken for
analysis. These soil columns were cut in to 5 segments  of 10
cm length. Soil in each segment was mixed thoroughly and 25
g of soil was taken for the analysis of carbofuran residue.
Leachate was also collected and analysed at intervals of
5,10,15,20,30,40,50,60,70 and 80 days after application from
the <columns  representing the last time ;nterval

(Corresponding to goth day after application)
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In the case of horizontal columns, collection of
samples were done at 5 time intervals after the application
of carbofuran viz. an day Sth day, IOth day, 15th day and
ZOth day. 'On these days, one column from each of the §
locations were taken out and soil samples at 4 distances viz.
0,3,5 and 10 cm frﬁm the point of application were taken for
analysis. On either side of the point of application, two
samples representing the above horizontal distance were taken
for analysis uéing a test tube with an internal diameter of
15 mm. The samples were thoroughly mixed and 25 g soil was
taken for the analysis of carbofuran. Carbofuran in soil and
leachate was determined colorimetrically following the
procedure developed by Gupta & Dewan (1973), The method is
based on the hydrolysis of carbofuran and allowing the
resulting carbofuran phenol to complex with P-nitrobenzene
diazonium tetra fluoboraterand measuring the resulting colour
complex at 550 nm using a spectrophotometer kSpectronic -

2000) .
5.2 Extraction and determination

Extraction of carbofuran from the soil wams done by

acid hydrolysis and solvent partitioning. Twenty five gram
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of the soil was taken in a 500 ml conical flask and 250 ml
0.25 ﬁ HCl was added (Cook et al. 1968). An air condenser
was fitted on to the flask and the mixture was refluxed in a
water bath for 2 hours. Then the contents were filtered
through Whatman No. 42 filter paper and the volume was made
up to 250 ml using hot 0.25 N HCl. . The extract was
transferred to a 500 ml separating funnel and shaken with 45
ml of dichloromethane and 10 drops of 4% solution of sodium
lauryl sulphaté for 2 minutes, The lower layer consisting
the dichlromethane was transferred throuéh anhydrous sodium
sulphate placed over a plug of cotion taken in a funnel.
This extraction with dichloromethane was fepeated thrice for

each sample and the extracts obtained were combined.

From the above combined extract 10 ml was taken and
evaporated to aimost dryness. The side of the test tube was
rinsed-down with 3 ml methanol! and 7 ml! freshly prepared
coagulating solution (0.5 g ammonium chloride mixed with 200
ml glass distilled water and one ml H4PO4) was added to it.
This was allowed to stand for 10 minutes with occasional
shaking and filtered through whatman No. 42 filter paper to
gseparate the precipitate formed if any. Five ml. of this

solution wag pipetted out to separate test tubes and placed
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in an ice bath., Two ml., of 1.5 N methanolic KOH was added‘to
thé solution, mixed well and allowed to stand for‘5 minutes.
Then 1| ml of cold chromogenic reagant (prepared by saturating
a cold mixture of 25 mg anitro benzene diazonium tetra
fluoborate in 25 ml ethanol and 2 ml glacial acetic acid,
filtered through Whatman No. 42 filter paper and kept below
4°C) was added, shaken well and kept in an ice - bath for 2
minutés. Then the pink colour developed was read at 550 nm

using a spectrophotometer (Spectronic - 2000) .

The concentration of carbofuran was calculated from
the absorbance value obtained with the hélp of a standard

1}

curve and expressed as pg 25 g = soil.

5.3 Preparation of the standard curve

From ahprimary stock solution of 1000 ppm
carbofuran, secondary stock solution of 50 ppm was prepared.
From this 0, 0.2,0.4, 0.8, 0.8, 1.0, 1.2, 1.4, t.6, 1.8, 2.0,
2.5 and 3 ml. were taken in separate test tubes. The volume
was made up to 3 ml. uéing methanol. Seven ﬁl. of freshly
prepared coagulating solution was added to each test tube

and allowed to stand for 10 minutes with occasional shaking.
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Five ml. each of these solutions were pipetted out to
geparate testQtubes and placed in an ice—-bath. Colour was
déveloped and the absorbance read against a blank solution as
detailed above. Using these absorbance values, a calibration
curve for carbofuran was prepared to find out the

concentration of carbofuran in the samples.

5.4 Estimation of carbofuran in leachate

Water samples collected was filtered through a
whatman No. 1 filter paper, transferred to a 500 ml
separating funnel and shaken with 45 ml of dichloromethane
with 10 drops of 4% solution of sodium lauryl sulphate for 2
minutes. The lower layer consisting of dichloromethane was
transferred through anhydrous sodium sulphate. This
extraction procedure was repeated 3 times and the combined
extract after further processing was used for the estimation

of carbofuran as described above.

5.5 Determination of metabolites of Carbofuran

Dichloromethane extract of the surface so0il

collected from the columns were used for the identification
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and determination of the metabolite; of carbofuran.
Appropriate quantity of the above dichloromethane extract was
taken for each sample so as to get approximately 150 ug of
carbofuran or metabolities and ev;porated to almost dryness.
The residue was dissolved in 3 ml of the reactant solution
(obtained by dissolving 1.0 g of | fluoro 2, 4-
dinitrobenzene in 100 ml of acetone) and transferred
quantitatively into stoppered 25 X 190 mm test tube. Added
15 ml of the buffer solution (obtained by dissolving 2.3 g of
Naz HPO4 in 250 m]l distilled water containing 2 ml of 1| M
NaQOH solution, mixed well and kept in a water bath maintained
at 50°C for 30 minutes. After cooling the mixture, it was
transferred to a 100 ml separating funnel. The solution was
extracted twice with 3 x 25 ml portions of n-hexane,
collecting the organic layer and pooled the hexane extract.
Evaporated the pooled extract so as-to get a final volume of
10 ml. Five 5 pl of this solution was injected into a gas
chromatograph (model - chemito 3865). The peaks for
carbofuran, 3-0H carbofuran or 3 keto carbofuran was
identified based on its retention time and the peak area was
measured. The content of carbofurn or its metabolites was

determined by comparing the response for known standards.
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6. Statistical analysis

Ten important soil properties which influence the
movement and adsorption of:carbofuran either directly or
indirectly as evidenced by carbofuran content of the samples
were subjected to correlation and path analysis to study the
interrelationship, direct and indirect influences of these
factors in the adsorption and movement of carbofuran.
Aﬁalysis of variance was done to study the effect of =sail
variation, depth of sampling and time intervals of sampling
on carbofuran concentration. .The data fromlleach&te analysis
were also subjected to analysis of variance to study the
influence of soil and time intervals onrn carbofuran

concentration.
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RESULTS

The results of the study conducted to assess the
physico-chemical properties of the {ive soil types and the
data on the movement/adsorption of carbofuran as influenced
by the above properties in these soils are presented in the

fellowing pages.

1. Laboratory analysis of soils

Soil samples collected from the different layers of
each soil were subjected to physico-chemical analysis and the

data obtained are presented in Table 1,

1.1 Mechanical analysis

A close scrutiny of the data given in the Table 1
shows a clear increase in clay content with depth in the case
of the Ultisol taken from Malappuram. The surface soil
recorded the lowest value of 40%, and the highest observed.

value was 55 X for the 5th layer (Fig. 1). However this
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Table 1. Physico-chemical properties of soils used for the study

Sample/ Bepth pH  ON CEC Clay B.D3 P.D_3 WHC AEL R 03 Hydraulic
location {ca) (%) (? nol_l () fgew™ {ger™) (1) !? mol (E) Conduc}1vity
{p) kg ") {e "} kg ") {em br ')

Uitisol 0-16 5.09 2.0 9.75 §0.00° 1.4 1.3% 39.30 3.54 25,00 10.73
Rl 0 S5 L L9 ALSD 130 LB B B8k 605 100
2t-30 5.39 .08 .92 50.00 1,35 1.45 35,79 3.29 5,25  9.33
-4 5,38 0.83 8.3D 55.00 1.30 .55 38.38 1.2 29,15  1.719
41-50 5.48  0.91 7.90 56.00 1.2t .21 40.39 3.15 25,50 18,79
Inceptisol  0-i0 5.09  0.62 2.37 W0.00 1.86 .41 11.42 1.29 3.15 15.37
{Chengannur) . . :
. 11-20 4.66- 0.5 3.2 30,00 .48 1.31 11.54 1.39 5.2 .11
24-30 470 0,48 3.65 25.00 1.66 .51 13.59 1.24 8.25 9,16
31-40 4,85  0.49 3.70 11,50 1,55 2,49 27,44 1,34 6.50 12.97
41-50 4,04 0.44 4,25 30,00 1.4f 2.42 29,60 1.61 §.15 16,00
Entisol g-10 5,35 8.5 .17 10.00 1.67 1.53 12.30 .92 .15 66.60
(Kayamkulaa)
11-20 5.41 0.3t 1.8 12,50 1,59 1.48 24.97 0.3 150 .38
21-30 5.28 0,43 .12 13,35 1.12 .1 25,24 1,11 LB 0.6
3-40 5,29 0.3 .90 12.50 1.66 2.84 26.03 1.06 .15  66.39
4-50 5.29  0.21 115 12,50 1,67 2,56 24,95 115 2,00 .87
Hollisol 0-10 4,38 .35 4,97 §2.50 1,37 .31 31.8% 1.41 3.15 i6.83
{Hedunangad)
11-2
11-30 .92 .88  3.50 §5.00 1.51 1.3 XAl 1.62 §75 15.51
31-40 4.98 b 3,02 31,50 1.56 1.49 21,93 157 £.50 6.7
§1-50 4,97 1.92 3.4 37.50 1.48 .34 11,46 1.4 §.00 18.99
Entisol 0-10 4.87 i.81 5.1 25,00 1.51 2.39 18.87 1,28 11.00 5,99
(Kuttanad)
tH-20 §.57 157 6.47 25,00 1.40 1.48 3213 2.08 17,25 i2.18
21-30 4.69 LI 5,25 21.50 1,60 .69 18.57 2.08 12,00 i2.56
3-40 5,79 0,34 2.62 20,00 1,61 .66 15,58 1,95 §.75 16.93
§1-50 4,90 0.31  2.87 27,50 1,48 1.35 28.67 1.75 6,15 21,55
Ch Soil 0.43 0.23 0.58 8.69 0,08 0.11 2. 0.21 3.10 12.8
depth 0.18 0,18  0.49 .93 0,09 0.22 1.90 0.23 1.80 4,90
Interaction  0.40 D41 1.09 6.67 8.21 0.49 5,76 0.5i .10 10,95
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increasing trend was not uniformly observed for other soils.
Increase in clay content was marginal for the Inceptisol
from Chengannur, the highest value observed being 30% in the
2nd and 5th layer. Very low_clay content of (0¥ was observed
in the surface samples of éhe Entisol from Kayamkulam which
increased to 13.75% at the 3rd layer and decreased
subsequently to 12.5% towards the lowest layer. A decreasing
trend in clay content with depth was observed in the forest
soil of Nedumangad except for the 3rd layer which reéorded
the maximum clay content of 45%. Profile samples of the
Entisocl of Kuttanad representing reverine _alluvium showed
moderate values for clay content which decreased with depth

after the 3rd layer with the maximum value of 27.5%.

Sfatistical analysis of the data showed significant
difference in clay content between soils, bet;een depth
within a so&l and interaction effect of soil with depth.
Among the 80ils studied samples taken from Malappuram
representing the Ultisol showed the highest clay content of
49,.5% while Kayamkulam representing the Entisol gave the

lowest value of 12.25%.
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1.2 Soil reaction (pH)

All the soils studied were acidic in reaction
showing a range of values from 5.09 to 5.48 in the case of
Ultisocl, 4.66 to 5.09 in the case of Inceptisol of
Chengannur, 5.29 to 5.41 in the case of Entisol of
Kayamkulam, 4.38 to 4.98 for the forest soil of Nedumangad
and 4.57 to 4.90 for the Entisol of Kuttanad. Statistical

analysis revealed gignificant differences among scil types.
1.3 Electrical conductivity (EC)

Electrical conductivty of all the samples were
below 0.05 dS§ m_1 and hence was beyond the resolution of the

instrument used.
1.4 Single value constants

Samples taken from the Ultisol of Malappuram
recorded the lowest bulk density of 1.29 g cm ! (mean)
followed by the forest soils of Nedumangand (1.47), Entigsol of

Kuttanadu (1.52), Inceptisol of Chengannur (1.56) and the
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Entisol of Kayamkulam (1.85), Statistical analysis showed’

significant difference in bulk density between soils.

Particle density had comparatively higher values.
Mean values observed were 2.41, 2.41, 2.44, 2.51 and 2.63 g
cm”3 for the Ultisol of Malappuram, Mollisol of Nedumangad,
and Inceptisol of Chengannur, Entisol of Kuttanad and the
Entisol of Kayamkulam respectively. No significant difference
could be'observed between soils or betwpen samples within a

soil.

In respect of water holding capacity (Fig. 2), the
Ultisol of Malappuram with a mean value of 37.99% showed the
maximum value followed by the Mollisol of Nedumangad
(29.24%), Entisol of Kuttanad (29.04%), Ineept;sol of
Chengannur (25.92%) and the least for the Entisol of
Kayamkulam (24.49%). Significant difference in WHC could be

observed only between scils.

1.5 Organic matter (0.M)

All the soils studied showed a general decrease in

organic matter content with depth from the surface. However
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in the case of the Mollisol of Nedumangad an increase in
organic matter content was observed in the 5th layer. Organic
matter conteﬁt of the surface soils studied decreased in the
order Ultisol of Matlappuram (2.50%), Mollisol of Nedumangad
(2.35%), Entisol of Kuttanad (1.01%) Inceptisol of Chengannur
(0.62%) and Entisol of Kayamkulam (0.05%) (Fig. 3)
Statistical analysis of the data on organic matter revealed
significant difference between s0il types, between samples

within a profile and for interaction effects,

1.6 Cation exchange' capacity (CEC)

Perusal of the data on CEC of the soil types
studied indicated the highest mean CEC value for the Ultisol
of Malappuram (8.36 cmol (P*) kg™ !) followed by the Entisol

1

of Kuttanad (4.54 emol,(P*) kg™ !, the Mollisol of

Nedumangad (3.88 cmol (PY) kg™ 1), the Inceptisol of

*> kg™!) and the Entisol of

Chengannur (3.44 cmol (P
Kayamkulam (1.92 cmol (P%) kg_l). Depth wise decrease in CEC
were observed in most of the scil types studied. Catioﬁ
exchange capacity values generally followed the trend
observed in the case of organic matter (Fig. 3). Statistical

analysis revealed a similar trend as observed in the case of

organic matter with respect to CEC also.
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1.7 Anion exchange capacity (AEC)

Pata on AEC showed maximum values for samples taken
from the Ultisol of Malappuram. Maximum AEC value of 3.54
c mol (e ) kg_1 was reported in the case of the surface layer
of the Ultisol of Malappuram. Mean AEC values decreased in
the order of, Ultisol of Malappuram (3.41 cmol (e”) kg—l),
Entisol of Kuttanad (2.{1 cmol (c”) kg™ !), Mollisol of
Nedumangad (1.97 cmol (e ) kg_l), Inceptisol of Chengannur
(1.38 cmol (e~ ) kg~ ! and Entisol of Kayamkulam (1.03 cmol
(e™) kg_l)" (Fig. ;). Statistical analysis of the data on

AEC revealed significant difference between soils and alse

between samples within a soil type.

1.8 Total sesquioxides (R, 0g)

A close examination of the values of the
sesquioxide content (Fig. 4) revealed that the Ultisotl of
Malappuram recorded the maximum mean value of 25.95% followed
by the Entisol of Kuttanad (9.75%), Mollisol of Nedumangad
(8%), Inceptisol of Chengannur (5.7%) and the Entisol of
Kayamkulam (2.55%), Significant difference in the

sesquioxide content was observed between soil types, however
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interaction effects and variation between samples within a

soil type was not significant statistically.
1.9 Hydraulic conductivity (H.C)

Data on Hydraulic conductivity of samples (Fig. 5)
of vérious s0i] types studied showed the highest mean value
for the Entisol of Kayamkﬁlam (65.5% cm h_l) followed by the
Mollisol of Nedumangad (18.09 cm h™ '), Inceptisol of
Chengannur (14.33 cn hfl), Entisol of Kuttanad (13.96 cm h™ 1)
and the Ultiso!l of Malappuram (12.12 em h—l). Statistical
treatment of the data also revealed significant effect due to
gsoil type and depth. However interactiqn effects were non

significant statistically.
1.10 Clay minerals

X-ray analysis of the fine clay fraction of atll
the five soils showed the occcurrence of kaolinite as the
dominant clay mineral (Fig. 6 Lo {0 and Table 2-8). However

presence of smectites was also indicated in a few samples.
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X RD - data of fine clay fractions of the Inceptisol of

Signif-

icance

Table 2.

Chengannur

'd—value Angle
(Ang) (deg)
13.681‘ 6.45
7.078 12.49
4.828 18.36
4.440I 19.98
3.565 24.85
3.326 26.77
3.151 28.29
3.551; 35.15
2.484 36.13

2.330 38

.80

o O

o O O O o

12
.64
.24
.40
.10
14
.32

.24

1.19

1.06

0.986
1.99

2.46

2.40°

1.15
2.05
1.09

0.95

Vermiculite, chlorite
Kaolinete

Chlorite, Gibbsite
Illite, Muscovite

Kaolinite

Quartz
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Table 3. X RD - data of fine clay fractions of the Ultisol of
Malappuram

d-value Angle Width Signif- Minerals
(Ang) (deg? (deg) icance
7T.115 12.43 0.18 1.09 Kaolinite
4,831 18.35 0.12 ., 3.51 Chlorite, Gibbsite
4.468 19.85 0.24 | 1.33 Kaolinite
4.142 21.43 ’ 0.32 1.25 Dickite
3.581 24 .84 0.28 2.44 Kaolinite
3.338 26.68 0.10 0.94 Gibbsite
3.299 27.00 0.16 1.28 'Lepidocrocite
3.197 27.88 0.48 0.76 ————-
2.685 33.20 0.32 0.886 —-———~-
2.564 34.98 0.32 1.18 m————
2.503 35.84 Q.40 1.00 —-———-

2.344 38.37 0.24 0.99 ——-—-
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Table 4., X RD -~ data of fine clay fractions of the Entisol of
Kayamkulam

d-value Angle Width Significance Minerals
(Ang) (deg) (deg)
14.718 6.00 0.80 0.91 Vermiculite
7.254 12.19 0.48 1.08 Kaolinite
4.357 20.386 . 1.80 2.42 Quatz
3.550 25.086 0.986 0.87 Kaolinite
3.342 28.64 0.24 | 1.55 Kaolinite
2.746 32.568 0.12 0.84 ——————-

2.541 35.20 1.12 1.04  ———m
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Table 5. X RD - data of fine clay fractions of the Entisol of

Kuttanad

d-value Angle Width Signif- Minerals

(Ang) {deg) (deg) icance

7.129 12.40 0.28 1.64 Kaolinite

4.808 18.43 0.10 1.49 Chlorite, Gibbsite
4.448 19.89 0.24 1.54 Illite/Muscovite
4.187 21.30 0.48 0.92 Dickite

3.568 24.93 0.40 0.97 Kaolanite

3.331 28.73 0.20 4.20 Kaaolinite

2.5861 35.00 0.24 0.88 ————

2.377 37.00 0.48 0.90 ——————
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Table 6. X RD - data of fine clay fractions of the Mollisol of

Nedumangad
d-value Angle Width Signif- Minerals
(Ang) (deg) (deg) icance
7.161 12.35 0.40 3.09 Kaolinite
4,891 18.39 0.20 1.39 Chlorite, Gibbsite
4.439 19.89 0.32 1.65 Nacrite
4.172 21.28 0.12 1.23 Kaolinite
3.577 24 .87 0.32 1.33 Kaolinite
3.337 26.68 0.16 1.20 Kaolinite
2.781 32.18 0.48 1.03 -————-
2,560 35.02 0.32 1.1 -—-——-

2.338 38.46. 0.48 2,35 = ———m-
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2. Movement and distribution of carbofuran in vertical soil

columns

In atl the soil types studied, as the time advanced
from the date of application, carbofuran content decreased
drastically towards the last day of observation {(Table 7).
So&l to scil variation was also observed for this trend. In
the case of thé Ultisol of Malappuram, initial concentration
of 6200, pg 25 g~ ! soil has decreased to 1000 pg 25 g~!
towards the 80th day corresponding to the 6th observation.
One day after application the movement was restricted to the
3rd layer in this soil and even traces were not detected in
the 4th and 5th depths. However in the 2nd observation
corresponding to the 5th day of application, the chemical was
distributed in all the layers with maximum concentration in
the surface. At the 3rd observation on the 10th day after the
addition, concentration at the surface was decreased
drastically and the lower layer showed greater accumulation
towards the 4th, 5th and 6th observations. The concentration
at the surface layer decreased further with an enrichment in
the concentration of the chemical downwards in the profile.
In the Ultisol of Malappuram the highest .concentration

observed in the 5th depth was 420 Mg 25 g_1 after the 6&th
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Table 7. Mean values of carbofuran in wvertical socil columns
(ng/25 g soil)

Sampte/ Depth 15t sth 1oth soth  4oth goth
location (cm) day day day day day day
Ultisol | 0-10 6200.0 4490.0 3500.0 2700.0 1800.0 1000.0
Ma lappuram
11-20 137.0 270.0 410.0 7T30.0 622.5 430.0
21-30 67.0 95.0 240.0 430.0 532.5 380.0
31-40 0.0 97.0 150.0 225.0 425.0 385.0
41-50 0.0 110.0 140.0 190.0 332.5 420.0
Inceptiscol 0-10 5100.0 3875.0 2760.0 1885.0 1015.0 475.0
(Chengannur)
11-20 125.0 385.0 680.0 590.0 582.5 227.5
21-30 890.0 320.0 695.0 480.0 492.5 170.0
3t-40 0.0 180.0 280.0 600.0 387.5 235.0
41-50 0.0 .0 155.0 300.0 412.5 205.0
Entisol 0—-10 4500.0 3500.0 2800.0 1660.0 1040.0 485.0
(Kayamkulam)
11-20 275.0 407.5 445.0 335.0 287.5 170.0
21-30 170.0 237.5 390.0 447 .5 347.5 185.0
31-40 100.0 120.0 332.5 225.0 357.5 220.0
41-50 0.0 62.5 332.5 255.0 357.5 220.0
Mollisol 0-10 4200.0 3225.0 2220.0 1880.0 1300.0 750.0
(Nedumangad)
11-20 260.0 417.5 800.0 7T70.0 687.5 395.0
21-30 120.0 202.5 375.0 457.0 457.5 390.0
31-40 30.0 130.0 260.0 305.0 285.0 295.0
41-50 0.0 110.0 1865.0 235.0 340.0 370.0
Entisol 0-10 4700.0 3735.0 2850.0 2060.0 1740.0 920.0
(Kuttanad)
11-20 175.0 347.5 750.0 970.0 848.0 550,0
21-30 110.0 225.0 500.0 855.0 575.0 505.0
31-40 75.0 180.0 252.0 555.0 280.0 210.0
431-50 0.0 135.0 160.0 235.0 290.0 210.0
Cb Soil 149. 26 199,79 122.49 253.47 136.33 49.09
Depth 120.28 145.49 171.42 101.41 78.44 42.85

Interaction 268.95 325.33 383.22 228.78 175.41 95.81
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1

observation followed by 332.5 png 25 g ' soil for the 5th, 180

1

ug 25 g~! soil for the 4th, 140 pg 25 g ' soil for the 3rd

1 goil for the 2nd observations. In all the

and 110 pg 25 g
depths, as time advanced concentration of thé chemical
was found to be increasing (Fig. 11). It is clear from the
table — 7 that a substantial amount of the chemical has been

lost through leaching and degradation, with advancement in

time interval between application and sampling.

In the case of the inceptisol of Chengannur
(Fig. 12), decrease in_ concentration in the'surface layer in
all the 6 observations was more when compared to the ultisol.
The concentration of-the chemical in other lower layers was
also ﬁéund to be higher. The final concentration in the last
observation for all the depth were much lower for this soil

compared to corresponding values in the ultisol.

More or less the same trend was observed for the
Entisol of Kayamkulam which showed a greater distribution of
the chemical downwards right from the lat observation onwards
(Fig. 13). Thié igs further substantiated by the high
concentration of the chemical in the leachate collected in

all the observations.
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The Mollisol of Nedumangad (Fig. 14) has given
comparatively higher concentration of the chemical even after
the 8th observation in all the layers, next only to the

Ulttisol of Malappuram and Entisol of Kuttanad,

A critical evaluation of the data for the Entisol
of Kuttanad reveals that the concentration of the chemical
distributed in the lower layers are more when compared to the
Eﬁtisol of Ka&amkulam, Inceptisol of Chengannur and Mollisol
of Nedumangad (Fig. 15). However the distribution was found
to be uniform in the lower layers when.compared to the

Ultisol of Malappuram.

Analysis of variance (Appandix I) revealed
gsignificant difference in the distribution of the chemical in
all the soils during the 1st observation corresponding to 24
hours after the application (Fig. 16). Significant difference
was also observed in the distribution with depth as well as
for interaction effects. However soil to soil variation gave
significant difference only for the 1st layer. Concentration
of the chemical at the surface layer in the 1st observation
was 6200, 5100, 4500, 4200 and 4700 Pg 25 g_l for the Ultisol

of Malappuram, Inceptisol of Chengannur, Entisol of
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Kayamkulam, Mollisol of Nedumangad and the Entisol of
Kuttanad respectively. During the 13t observation, the
chemical was not moved into the last two depths in the
Ultisol of Malappuram and the inceptisol of Chengannur
whereas in the case of the Entisol of Xayamkulam, the

mollisol of Nedumangadu and the Entisocl of Kuttanad only the

last depth was frée of carbofuran.

During the 2nd, 3rd and 4th observations no
significant variation in the distribution of the chemical
was observed for the soil types studied (F;g. 17, 18 and 19).
However depth wise distribution and interaction effects were

found to be highly significant.

During the last two observations corresponding to
40th and 80th day of application of the chemical (Fig. 20 and
21) significant difference in the distribution of carbofuran
was found between soils, Letween depths within a soil and

also for interaction effects.

3. Movement and distribution of carbofuran in horizontal

columns

Table 8 summerises data on concentration of

carbofuran at different distances in horizontal columns at
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Table 8. Mean values of carbofuran in horizontal soil columns
(pg / 25 g so0il)

Distance(cm) 2nd 5th 10th 15th 20th
day day day day day
————————————————————————————————————————————————————————— e — —— — — — —
Utisol
(Malappuram)
) 25300 24100 22600 18800 13750
3 ) 0 100 230 280 320
5 0 O ] 60 100 100
10 0] 0 0 i 0 0
Inceptisol
(Chengannur)
0 26000 23000 18000 14600 11025
3 0 40 100 . 120 v 160
5 0 0 0 20 40
10 0 0 o) O 0
(Entisol)
(Kayamkuiam)
0 25000 22600 20500 15200 12750
3 0 0 80 100 120
5 0 0 0 20 20
10 0 0 0 0 0
(Molligol)
(Nedumangad)
] 24200 21800 139600 16225 14500
3 0 60 140 180 210
5 0 0 40 60 80
10 0 0 O 0 0
Entisol
(Kuttanad)
0 27000 24800 23100 17300 12325
3 0 60 240 325 425
5 4] 0 30 100 100
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different time intervals. It is clear from the data that the
horizontal movement is very poor when compared to vertical
movement. Though alil the three horizontal distances had given
no values for carbofuran content during the 1st observation,
as time advanced the chemical was distributed horizontally
also in the soi[ giving values for 2nd and 3rd horizontal
distances. It is pertinent to note that the maximum radial
distance for horizontal movement of carbofuran was 5 cm.
Concentration in the 2nd and 5rd distance; in all the soils
during all the intervals were-negligible when compared to the
site of application. It is also clear from the data that the
concentration decreased drastically at the point of
application with progress in time. The decrease was from
25300 pg to 13750 pg 25 g! of soil in the case of the
Ultisol of Malappuram, 26000 to 11025 pg 25 g ! in
Inceptisol of Chengannur, 25000 to 12750 pg 25 g_l in the
Entisol of Kayamkulam, 24200 to 14500 Mg 25 g—l in Mollisol
of Nedumangad and 27000 to 12325 ug 25 g'_1 soil for the
Entisol of Kuttanad. With progress in time after application,

2nd and 3rd horizontal distances had shown increasing values
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for the chemical. Thus last observations had invariably given

the highest values for 2nd and 3rd horizontal distances.

4. Influence of soil properties on carbofuran concentration

in soil columns

In order to study the influence of soil properties
on carbofuran concentration, mdltiple regression analysis of
the various physico-chemical properties 6f the soils on
carbofuran concentration at 6 time intervals were carriedout
The data on the regression coefficients are presented in

table - 9.

Out of the 10 soil properties compared, only
organic matter and clay content were found to have
significant regression coefficients. The regression
;oefficient of organic matter had a2 range of values from
1954.74 during the first observation té 270.99 towards the
6th observation, while clay content had a range between —-82.2

for first observation to —-10.15 for the last,

Path coefficient analysis conducted to study the

direct and indirect effects of 8pil properties on carbofuran
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Table 9. Multiple regressions between so0il properties and
carbofuran content

Soil Regression coefficent at different intervals

Parameters  15' day 5" day 10 day 20N day 40t day 80" gay

= y= y= = y= y=
pll 707.36  417.00 326.70 226:70 13.54 4.36
oM 1954.74™* 1392.40™  1005.10  710.28*  415.05™* 270.99™*
CEC 439.12 338,99 321.70 189.59 114.67 26.15
Clay -82.20"  -go.28" —47.31™  -39.00"* -24.38"* -10.15™*
BD 12652.30  8903.80  3822.80 1452.30 825,30 1322.33
PD ~5583.78 - -4085.70  —2036.50  -884.90  -520.87 ~481.51*
WHC 115.91 85.29 ~7.00 ~10.53 1.64 28.50
AFC —483.34  -361.67 ~323.40 -69.97  -49.29 ~21.05
R0, 67.36 49.50 23.14 8.57 7.46 9.31
HC 2.05 0.91 0.35 ~3.83 -2.29 -0.85
Constant =12179.90 -7i71.70  -1839.60  —260.10  -468.94  —1395.56
unit ‘
F 10, 39 3.58™* 3.59™ 4,57 .02 7.83%* 15.61**
R2 0.478 0.479 0.539 0.607 0.667 0.800

* Significant at 5% level

*k Significant at 1% level



Table 10. Direct arnd indirect effects of scil properties on carbofuran content (lst observation)

pH oM CEC Clay BD FD WHC AEC R;05 HC Y

pH 0.128 -0.261 0.04 0.034 -0.088 0.008 0.043 -0.018 0.075 0.010 -0.038

oM & -0.048 0.897 0.287 -0.318 -0.488

o

.166 0.147 -0.117 0.082 0.011 0.408
CEC 68 0.001 0.384 0.521 -0.438 -0.778 0.138 0.279 -0.196 0.289 0.013 0.175
Clay3d -0.008 0,381 0.382 -0.582 -0.722 0.183 0.244 -0.162 0.209 0.0i4 -0.098
BD 8 -0.011 -0.343 0.409 -0.423 —0.993 -0.394 -0.285 0.i166 -0.208 008 -0.058
PD 3 +0.002 -0.1893 -0.120 +0.157 0.649 -0.802 -0.098 0.048 -0.041 005 -0.192

WHC 4 0.017

AEC 7 0.010 .385 0.485 -0.448 -0.781 0.138 0.276 =0.211 +0.2863

+0
-0

.326  0.465 -0.453 -0.903 0.188 0.313 0.186 0.246 -0.01  0.005
-0.011  0.104
-0

0
0
R,08 0.033  0.219  0.478 -0.416 -0.707 0.084 0.264 -0.19  0.293 .001  0.046
-0

HC 1 0.054 L322  -0.298 0.361 0.408 -0.122 -0.136 0.116 -0.141 0.023 -0.058

Residue = 0.7221

v9



Table 1!, Direct and indirect effects of soil properties on carbofuran content (2nd observation)
pH oM CEC Clay BD PD WHC AEC R0, HC Y
pH 0.103 -0.253 0.043 0.038 -0.085 -0.001 0.033 -0.017 0.077 0,006 -0.059
oM 0.038 0.678 0.303 -0.318 —0.468 0.1686 g.112 -0.119 0.093 0.008 0.401
CEC 0.008 0.373 0.549 -0.438 -0.746 0.137 . 0.213 -0.201 0.272 0.008 0.160
Clay -0.006 0.369 0.413 —0.583 -0.891 0.182 0.186 -0.168 0.212 0.008 -0.110
BD -0.008 -0.330 0.430 -0.423 -0.951 -0.392 —0.217 0.170 -0.211 0.005 -0.044
PD 0.001 -0.187 -0.126 0.157 0.622 —0.600 -0.075 0.049 -0.041 0.003 -0.197
WBC 0.014 0.317 0.490 -0.453 -0.864 0.187 0.239 -0.1907 0.250 -0.0068 0.016
AEC 0.007 0.374 G.511 -0.448 -0.748 0.138 0.210 =-0.216 0.267 —-0.007 0.088
R0, 0.026 0.213 0.504 —0.416 -0.677 0.083 0.201 -0.195 0.297 -0.006 0.030
HC 0.043 -0.313 -0.314 0.381 0.391 --0.1219 -0.103 0.118 -0.143 0.013 -0.088
Residue = 0.721

G9



Table 12 Direct and indirect effects of soil properties on carbofuran content (3rd observation)

pH M CEC Clay BD PD WHC AEC Ry0y HC Y
pH 0,115 -0.261 0.057 0.040 —0.052 -0.006 -0.005 -0.021 0.050 0.003 -0.073
Ou -0.043 0.698 0.411 -0.358 -0.286 0.118 -0.019 -0.153 0.061 -0.003 0Q.428
CEC 0.008 0.348 0.746 -0.492 -0.458 0.097 -0.038 -0.257 0.179 -0.004 0.172
Clay -0.007 0.381 0.562 -0.8653 -0.422 0.115 -0.031 -0.213 0.140 -0.005 -0.133
BD -0.010 -0.343 -0.583 0.475 0.581 -0.279 0.038 0.218 —0.139 0.003 -0.043
PD 0.001 =-0.193 -0.170 0.178 0.380 -0.427 0.012 0.063 -0.027 0.002 -0.182
WHC 0.0186 0.327 0.668 —0.509 -0.528 0.133 -0.040 ~0.243 0.164 -0.003 -0.018
AEC 0.008 0.385 0.693 -0.502 -0.457 0©0.098 -0.035 =0.276 0.176 -0.004 -0.088
R0, 0.029 0.219 0.884 -0.487 -0.414 0.059 -0.034 -0.250 0.i196 -0.003 0.021
HC 0.049 -0.323 -0.428 0.404 0.238 -0.087 0.017 0.151 0.942 -0.007 -0.061
Residue = 0.678
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Table

13 Direct amd indirect effects of soil properties on carbofuran content (4th observation)

pH oM CEC Clay BD PD WHC AEC RO, HC Y

e 0.117 -0.272 0.050 0.048 —0.028 -0.004 -0.011 -0.006 0.027 -0.048 -0.124
oM -0.043 0.727 0.356 -0.433 -0.160 0.075 -0.038 -0.049 0.034 0.053 0.521
CEC 0.008 0.400 0.647 -0.596 —0.255 0.082 -0.074 -0.082 0.098 0.0685 0.274
Clay -0.007 0.397 0.487 ;g;igg -0.236 0.074 -0.085 -0.068 0.077 0.071 -0.084
BD -0.010 -0.357 -0.507 0.576 0.325 -0.178 0.076 0.069 -0.076 -0.047 -0.130
PD 0.0002 -0.201 -0.148 0.214 0.213 -0.273 0.026 0.020 -0.015 -0.023 -0.188
WHC 0.018 0.340 0.577 -0.617 -0.286 0.085 -0.084 -0.078 0.080 0.049 0.084
AEC 0.008 0.401 0.601 -0.808 -0.256 0.063 -0.074 -0.088 0.096 0.063 0.208
2,0, 0.030 0.228 0.283 -0.567 -0.232 0.038 -0.070 -0.079 0.107 0.055 0.104
HC 0.048, -0.336 -0.369 0.469 0.133 —6.055 0.036 0.048 -0.051 -0.115 -0.168
Residue = 0.626
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Table

14 Direct and indirect effects of

soil properties on carbofuran content (5th observation)

.

pH oM CEC Clay BD PD WHC RO, HC

pl 0.012 0,265 0.051 0.05t -0.027 -0.0603 0.002 -0.008 0.040 —0.051 -0.186
oM -0.004 0.709 0.360 -0.451 -0.150 0.073 0.008 -0.057 0.049 0.058 0.592
CEC 0.001 0.390 0.854 -0.623 -0.239 0.061 -0.015 —0.096 0.i142 0.069 0.375
Clay —0.001 0.387 0.492 -0.827 -0.221 0.072 -0.014 -0.079 O.111 0.075 0.021
BD -0.010 -0.348 -0.512 0.601 0.305 -0.175 -0.0l8 0.081 -0.110 -0.0489 -0.225
PD 0.000 -0.195 -0.149 0.223 0.198 -0.267 -0.005 0.023 -0.021 -0.024 -0.217
WHC 0.002 0.332 0.583 -0.644 —0.277 0.083 0.017 -0.091 0.131 0.052 0.188
AEC 0.001 0.391 |0.607 -0.636 -0.240 0.081 -0.016 -=0.103 0.138 0.006 0.308
0, 0.003 0.223 0.599 -0.591 -0.217 0.037 =-0.015 -—0.093 Q0.1565 0.058 0.189
BC 0.005 -0.327 -0.373 0.512 0.125 -0.054 -0.007 0.056 -0.075 -0.12t -0.258
Residue = 0.5764
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Table

15 Direct and indirect effects of soil

properties on carbofuran content (6th observation)

pH O CEC Clay BD PD WHC AEC R0, HC Y

Foist 0.0072 -0.3201 0.0214 0.0392 -0.0823 -0.0068 0.0964 -0.0062 0.0925 -0.035 —0.7876
oM -0.0027 0.8564 0.152 -0.3477 -0.4513 0.1269 0.3304 -0.0449 0.1130 0.0381 0.7704
CEC 0.0006 0.4716 0.2764 -0.4742 -0.7195 0.1050 0.6292 -0.0756 0.3284 0.0471 0.5850
Clay -0.0004 0.4676 0.2080 -0.6368 -0.8680 0.1242 0.5494 —0.0625 0.2569 0.0510 0.2905
BD -0.0006 —0.4210 -0.2186 0.4625 (0.9180 -0.3005 -0.6412 0.0840 -0.2559 -0.0339 -0.4250
PD 0.000 -0.2365 -0.0632 0.1721 0.8004 —0.4591 -0.2201 0.0i87 -0.0500 -0.0167 ~0.2548
WHC 0.001 0.4011 0.2485 -0.4958 -0.8343 0.1483 0.7055 -0.0716 0.3023 0.0356 0.4335
AEC 0.0005 0.4729 0.2568 -0.4895 0.7221 0.1054 0.6210 -0.0814 0.3232 0.0451 0.5320
&0, 0.0018 0.2693‘ 0.2533 -0.4551 -0.6536 0.0640 —0.5935 -0.0732 0.3594 0.0386 0.3980
HC 0.0030 -0.3958 -0.1579 0.3%44 0.3769 -0.0933 -0.3048 0.0445 -0.1727 -0.0824 -0.3882
Residue = 0.4472
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concentration at 6 time intervals are given in table Nos. 10

to 15.

Among the 10 soil properties subjected to path
coefficient analysis, pH, Bulk density, particle density and
hydraulic conductivity had negative influences on carbofuran
content at all the 6 intervals., Clay content influenced the
carbofuran concentration negatively in the 1st, 2nd, 3rd and
4th observations and towards the 5th and 6th observation clay
showed a positive effect. Similarly WHC showed positive
influence at the 1st, 4th, 5th and 6th observations on
carbofuran content while at the 2nd and 3;d observations it
negatively infiuenced the concentration. Organic matter,
cation exchange capacity, anion exchange capacity and
sesquioxides are seen to exert positive influence ip all the
observations. Out of the 10 s80il properties studied only
organic matfter and clay content showed significant influence
on carbofuran concentration in the soils at all the
intervals. Organic matiter had a direct effect of 0.8987 at 1st
observation to 0.856 at the ,6th observation and the total
effect for the same was 0.408 and 0.770 respectively. Direct
effect of clay éontent was —-0.582 at the l1st observation and
~0.636 at the 6th observation. The total effect of clay for

the above observations were -0.0983 and 0.290 respectivetiy.
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5. Concentration of carbofuran in the leachate

Data on the concentration of carbofuramn in the
leachate collected at defenite time intervals from the
different soil types are presented in table 6. It is
observed from the table that in all the s30ils carbofuran
content increased in the leachate gradually giving maximum
values and then showed a decline except for the Entisol of
Kuttanad where the maximum concentration was obtained for the
last observation (Fig. 22). Remaining 4 scils showed maximum
concentration in the leachate towards the %th {(in Kayamkulam
soil), 8th (in Chengannur and Nedumangadu soil) and 9th (in

Ultisol of Malappuram) observation,

It is very clear from the date that the Entisol of
Kayamkulam (33260 ng) and Inceptisol of Chengannur (31240 pgd -
gave maximum concentration of carbofuran in the leachate. The
lowest wvalue observed was in the case of the Ultisol of

Malappuram (26880 pg).

Statistical treatment of the data (Appendix 2)
showed highly significant effect due to s0il wvariation and

variation in the time interval.
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Table 186. Mean values of carbofuran content in leachate (pg)
Intervals Soil type
(days) :
Malappuram Kayamkulam Chengannur Kuttanad Nedumangad
5 1100 1720 1530 1205 1415
10 1250 1960 1730 1355 1680
15 1520 2235 2040 1625 1810
20 . 1600 2775 2250 1850 1965
30 2315 3835 3330 2650 2715
40 2600 4230 4050 2815 3205
50 3260 5010 ' 4190 3495 4100
60 4300 4725 4755 4055 4695
70 4550 3510 3970 4330 4385
80 4385 3260 3395 4485 408G
CD
Soil 96.77
Intervals 55.75
Interaction 124,60
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6. Degradation and persistence

Data on the concentration of carbofuran in soils at
different days after application (Table 7) showed that
carbofuran persisted in soil even after 80 days and the
maximum value (mean) observed was in the Entisol of Kuttanad
490 (48.4%) followed by Mollisol of Nedumangad 440 ug (47.7%)
and the Ultisol of Malappuram 523 ug (40.8%). But the Entisol
of Kayamkulam and Inceptisol of Chengannur showed the minimum
persistence of 242 (23.6%) and 262 (24.6%) respectively.
Hence it is clear that an average of 48% of the initial
quantity of carbofuran persisted in the soil matrix up to a
depth of 50 cm in Nedumangad and Kuttanad scils under the

experimental condition,

Absolute quantities of carbofuran in soil matrix at
the 1st observation, last observation and in leachate
(Table f7) clearly indicated that maximum persistence of
carbofuran was in the Entisol of Kuttanad and Mollisol of
.Nedumangad (48%) followed by the Ultisol of Malappuram (43%),

Inceptisol of Chengannur (24%) and the Entisol of Kayamkulam

(24%) .



Table 17. Persistence and loss of carbofuran in soil

it Bt L T $ P o o o e e Akt A L ———— ————— T ——————————— i

Soil type Initial Final Quantity in
quantity quantity the leachate

(pg) (pg) (pg)
Malappuram 158845 69381 (43%) 26880 (17X%)
Chengannur 158144 38027 (24%) 31240 (19%)
Kayamkulam 153000 36824 (24%) 33260 (22%)
Kuttanad 139218 68220 (49%) 279680 (20%)

Nedumangad 120582 59774 (49%) 30030 (24%)

e e e e e e e e e e ek Y e = e e b .y Y St "t P = —————
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In order to identify the degradation producte and
metabolites, the extracts from top layets of each soil at
all the intervals were subjected to gas chromatographic
analysis,. The results showed that in the Entisol of
Kuttanad, Inseptisol of Chengannur and the Entisol of
Kayamkulam, carbofuran was present even after 80 days while
in the Ultisol of Malappuram and Mollisol of Nedumangadu, 3
Keto carbofuran was also detected in adition. No metabolite

was found in any of the soil type upto 40 days.
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DISCUSSION

There has been considerable interest in the study
of carbofuran as a broad spectrum systemic insecticide in
pest control and its related effects in residual toxicity and
biodegradability in the plant and animal systems. However,
the use of this chemical in the soil has posed serious
problems of éoil pollution consequent to residual
accumulation., A detailed investigation of the movement of
this chemical in the:»soil, interaction with soil components,
persistence, degradation and various lossess in relation to
the physico-chemical properties of the soil has not been
systematically attempted so far. The above aspects were not
given much attention, rather was ignored till recently.
Recent reports highlighting the insecticidal efficiency and
its dependence on soil properties (Getzin 1973, Rao and
Davidson 1980, Rajukkannu and Sree Ramulu 1982, Radder et
al., 1989, Somasundaram et al. 1891, Kumari and Singh 1992;
have further necessitated investigations on these aspectis.
It is now realised that a better understanding of the
processes which operate in soil and the variation from soil
to soil which contributed to the retention of this chemical

is needed, to institute better management procedures, and
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time and method of application which will allo; maximum
efficiency of the applied chemical in these soils with
minimum environmental hazard, Inorder to have a deeper
ipsight into the above aspects, studies in undisturbed soil
columns have been conducted in the laboratory. Simultaneously
determination of the important physico-chemical and
electrochemical parameters of these so0ils alseo have been

undertaken.

Salient features of the result thus obtained are

discussed hereunder.
1. Laboratory analyses of so0ils (Table 1)

Laboratory investigation of the 5 soil types
collected from the most -important Banana growing tracts of
the state revealed a clear increase in clay content with
depth in all the soils, except the forest soils of
Nedumangadu, in the itst 3 layers (Fig. 1). In the case of
the Ultisol of Malappuram a steady increase in clay content
was noticed towards the last depth of sampling which is
obviously due to uniform clay migration to lower levels

consequent to high rainfatt. The soil is less influenced by
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lateral movement or alluviation from the nearby areas and
hence a well developed soil profile is believed to have
formed. Sandy tracts of the Kayamkulam region showed very
low clay content with a maximum value of 13.73%. This soil is
inherently poor in clay and hence subjected to severe
leaching of the fine particles. Forest soil of Nedumangad
(Mollisol) and the Entisol of Kuttanad showed moderate values
for clay which decreased with depth. This might be due to
variation in the hydrological situation leading to deposition
of soil materials from the adjoining areas by horizontal
movement through definite cycles of rainfall. Thus the
transported finer materials tends to accumulate at the
surface layer leading to a decrease in clay content
downwards. The drastic variation observed between soils with
respect to clay content (Fig. 1) has been explained through
thé.data obtained from statistical analysis. There was
significant difference in clay content among soils, between
depth within a soil and interaction effects of soil with
depth. Thus based on the percentage of textural separates
‘these soils could be grouped under clayey, sandy clay loam,
loamy sand, sandy clay and sandy clay loam for the Ultisol of
Malappuram, Inceptisol of Chengannur, Entisol of Kayamkulam,

Mollisol of Nedumangad and Entisol of Kuttanad respectively.

-
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All the above scils studied were moderately acidic
in reaction, more or less depleted of bases and rich in Fe
and Al oxides and hydroxides. Entisol of Kayamkulam with the
lowest clay, organic matter and sesquioxide contents had
given the highest observed pH of 5.38 (mean) (Fig. 2).
Moderately high clay content and highest mean organic matter
bontent have contributed to the lowest mean pH value (4.73)
of the forest so0il (Mollisol) of Nedumangad. Further the
distribution of organic matter also was more or less uniform
through out the profile when compared ta other soils (Fig.
4). Thus the role of organic matter in converting the
potential acidity to active acidity during the estimation of
pH is clearly brought out here. The influence was amply
substantiated with the statistical analysis too, thch
revealed significant differences among soil type§ with

respect to pH.

As all the soils were more or less depleted of
bases, EC values recorded were very low below the readable
range of the instrument used. The Entisol of Kuttanad and the
Inceptiisol of Chengannur which had been subjected to

alluvidtion for years also have given the same trend. This is
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obviously due to the removal of bases from the alluviated

material through leaching and run off.

Single value constants like bulk density, particte
density and water holding capacity are generally influenced
by the organic matter content and the differences in the
clay/sand ratio. Soils with high organic matter and clay
content had shown low values for the bulk density, while high
sand content with low organic matter increased the particle
density. Thus the Ul'tisol of Malappuram and the Mollisol of
Nedumangad had shown the minimum values for bulk density
(1.29 and 1.49 ¢ cm_3 respectively) and the Entisol of
Kayamkulam and Kuttanad had given the highest wvalues for
particie density (2.83 and 2.51 cm ™3 reséectively). Water
holding capacity qf the soil followed the absolute content of

clay and organic matter (Fig. 3).

Data on the organic matter and CEC of the soils
studied indicated a depth wise decrease in two ma jor soils
namely the Ultisol of Malappuram and the Mollisol of
Nedumangad . The wvalues for these two parameters further
indicated that these soils are low in CEC and poor in organic

matter. This is particularly true for subsurface layers which
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had given much lower values in many cases. The range of
values for CEC varied from 7.9 to 9.75 cmol (p*) kg~ ! in the
Ultisol and 3.02 to 4.97 cmol (p*) kg~! in the Mollisol.
Corresponding values for organic matter is 0.83 to 2.5% in
the Ultisol and 1.21 to 2.35% in the Mollisol. In these two
soils clay and organic matter content was found to influence
the CEC sgignificantly. In the case of the Inceptisol of
Chengannur, increase in clay content with depth was much more
important in contreolling the CEC than the marginal increase
in organic matter content. In all the othgr goils a general
décrease in organic matter and CEC was observed with depth.
Thus the role of organic matter and clay content in deciding

the charge behaviour of the soil i1s clearly brought

out (Fig. 4).

Anion exchange capacity and sesquioxide content of
the soils studied are found to have a direct relationship as
the former increased with an increase in the latter (Fig. 5).
A generalisation in the depth wise distribution of
sesquioxides cogld not be made in any of the soils studied
and hence variation in AEC values followed the same trend
with depth. In general, clay distribution in the profile

had influenced the sesquioxide content to the maximum, This



is mainly due to the distribution of the major sesquioxides
like Fe and Al oxides in fhe clay fractions..However the
influence of organic matter in reducing the sesquioxide
content in the case of the Mollisol of Nedumangad is an
exception for the above general statement. This is further
evidenced from the X-ray diffractograms (Fig. 7) obtained
with well defined Fe and Al oxide peaks along with kaolinite
pgaks in the case of the Ultisol and well ordered Kaolinite
peaks alone for the Mollisol of Nedumangad. Statistical
analysis also showed significant variatiop in both AEC and

sesquioxide content between soils.

Data on hydraulic conductivity showed the highest
mean velue (65.52 cm h™!) for the Entisol of Kayamkulam
followed by the Mollisol of Nedumangad (18.09 cm h l), the
Inceptisol of Chengannur (14.33 om h™!), the Entisol of
Kuttanad (13.96 cm h™!) and the lowest for the Ultisol of
Malappuram (12.12 cm h_l). There was no significant
difference in hydraulic conductivity among Mollisol of
Nedumangad, Inceptisol of Chengannur, Entisol of Kuttanad and
Ultisol of Halappuram (Fig. 5). This clearly indicate the
importance of clay content in deciding the hydraulic

conductivity. This is further explained by the highest bulk
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density observed for the Entisol of Kayamkulam.

Details of Ehe X-ray diffractograms obtained for
the clay fractions of the various soils are presented in Fig.
6-10 and Tables 2-68. Major clay mineral present was
Kaolinite as indicated by the peaks at 7.2 and 3.57 A9 units.
Sharpness of the peak suggest well formed crystals.
Appreciable amounts of chlorite and vermiculite with traces
of mica was alse observed in many soils. Entisol of
Kayamkulam showed appreciable amounts of qqartz. The Ultisol
of Malappurém had given very sharp geothite peaks even after
the removal of Fe oxides during pretreatment of the samples.
Trace quantities of feldspars, gibbsite and lepidocrosite
were also observed. The result of the mineralogical analyses
show that Kaolinite is the most dominant clay mineral with
lesser amounts of smectite, quartz and gibbesite. This
observation clearly suggests that all these soils have been

developed from highly weathered parent materials.

Physico-chemical analyses of the s0il revealed that
the Ultisol of Malappuram is a clayey soil, acidic in
reaction with high organic matter, CEC, WHC, AEC,

sesquioxides and low in bulk density, particle density and
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Hydraulic conductivity. Inceptisal of Chengannur 1is
texturally sandy clay loam with acidic reaction having ltow
organic matter, CEC, AEC, sesquioxide, hydraulic conductivity
and high in bulk density and particle density. The Entisol of
Kayamkulam is texturally loamy sand with acidic reaction,
having the lowest organic matter, CEC, WHC, AEC, sesquioxides
and highest{ bulk density, particle density and hydraulic
conductivity. The Mollisol of Nedumangad is sandy clay,
acidic in reaction with high organic matter and CEC, moderate
in WHC, AEC, sesquioxides, hydraulic conductivity, and low
with respect to bulk density and particle density. The
Entisol of Kuttanad is sandy clay loam with acidic =so0il
reaction, having, low organic matter, hydraulic conductivity,
moderate in CEC, AEC, WHC, sesquioxides and high in bulk
density and particle density. Kaolinite is the dominant clay

mineral present in all the s0ils studied.

2. Movement and distribution of carbofuran in vertical soil

columns

The .result presented in Table 7 revealed that the
movement of carbofuran was faster downwards as time advanced,

in all the soil types studied. Higher quantities of
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carbofuran was retained in the upper layer (0-10 cm) in a!l
goils during the 1st observation. In all the observations
same trend was_followed in the 1st layer at various
intervals. In the case of the Ultisol of Malappuram, in the
second layer, maximum concentration was observed during the
4th observation while it is in the 5th observation for the
3rd layer, 5th for the 4th layer and in the 6th observation
for the 5th layer (Fig. 11). A totally different distribution
pattern was observed for the Inceptisol of Chengannur which
showed the maximum accumulation of the chemical in the 3rd
observation for 2nd and 3rd depths (10-20 and 20-30 cm), in
the 4th and 5th observation for the 4th and 5th laver
respectively (Fig. 12). This could be explained by the faster
movement of the chemical in the Inceptisol when compared to
the Ultisol of Malappuram. High clay and organic matter
contents of the Ultisol when compared to the Inceptisol would
have restricted the movement of the chemical in the former
cage. In the Entisol of Kayamkulam maximum concentrations in
80i]l segments was reached in the 3rd, 4th, 3rd and 5th
intervals for the 2nd, 3rd, 4th and 5th depths respectively
(Fig.13). However the absolute values observed were very low
when compared to other soils. The drastic decrease in the

concentration of carbofuran retained may be due to intense



86

leaching of the chemical subjected to because of the very low
clay and organic matter content. This obsérvation is in
conformity with the reports of Rajukkannu and Sree Ramulu
(1982) and Radder et al. (1989). The main mechanism of
retention here is mostly molecular adsorption. This is
further evidenced from the comparatively higher values
recorded for the other soils in the 1st observation. Thus the
vertical movement of the chemical appears to be maximum in
the case of the Entisol of Kayamkulam. This is obvious from
the high concentration of carbofuran obtained in the
.leachate. The Mollisol! of Nedumangad and Entisol of Kuttanad
showed more or less the same pattern with respect to the
distribution of carbofuran (Fig. 14 and 15) except for the
Z2nd and 5th layer. These two layere show mpaximum
concentration of carbofuran in the 3rd and 8th interval for
the 2nd and 5th depth respectively for the Molliscl and 4th
and 5th intervals for the 2nd and 5th depth respectively for
the Entisol. Distribution of the chemical within each segment
for different intervals also appears to be more or less the
same in these two soils. Leachate concentration of carbofuran

(Table 16) is also giving a similar pattern in both cases.

A close scrutiny of the data given in table 7
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reveals that during the 1st observation, humus poor non
clayey so0ils like the Entisol of Kayamkulam and the
Inceptisol of Chengannur could give higher values of
carbofuran when compared to other soils rich in clay and
organic matter (Fig. 168). For subsequent depths of sampling
also the same trend was followed. BHowever for subsequent
observation after the 4th interval this trend was ciearly
reversed and clayey scils rich in organic matter had given
the maximum concentration (Fig. 20 an 21). Hence during the
last observation, the Ultisol of Malappuram retained the
maximum concentration followed by the Entisol of Kuttanad,
the Mollisol of Nedumangad, the Inceptisol of Chengannur and
the Entisol of Kayamkulam for the sBurface samples. The
Inceptisol of Chengannur and the Entisol of Kayamkulam had

shown invariably lower values for all the depths (Fig. 21).

Thus during the initial stages of the vertical
movement, mobility of the chemical was faster in the Entisol
and Inceptisol and hence the deeper layers couid reach higher
concentrations much earlier than in the Ultisol and mollisot.
As time advanced the chemical has moved down further without
much adsorption and hence equal depths of Ultisol and

Mollisol have shown higher values than the Entisol and
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Inceptisol. This is due to the high retention capacity of the
Ultisol and Mollisol having high CEC, organic matter and clay

content .

Once the water has moved down the column,

subsequent addition of water was responsible for the re-

distribution of the chemical from the upper segments to lower
ségments and this re—-distribution was dependentlon the =8oil
properties, chiefly clay content, organic matter content and
CEC. Thus once the equilibrium is attainea the accumulation
of the chemical in different segments was decided by the
above factors. Attainment of the equilibrium could be located
from the leachate concentration of the chemical. In all the
soils exceﬁt the Entisol of Kuttanad equilibrium was attained
before the last observation as evidenced by a declin in
concentration at a particular stage (Table 16). Soils poor in
clay and organic matter had shown the attainment of this
equilibrium at an earlier date than the other soils. However
the Entisol of Kuttanad continued to give an increase in
concentration of the chemical in the leachate even at the
last observatiop. (Fig. 22). This is probably due to a

comparatively lower movement of the chemical consequent to
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lesser adsorption. Total quantity of carbofuyan lost by
leaching during the entire period of obsgservation in 5 soils
studied, followed the order Entisol of Kayamkulam »
Inceptisol of Chengannur > Mollisol of Nedumangad > Entisol
of Kuttanad » Ultisol of Malappuram, thé percentages retained
being 43, 24, 24, 49 and 49 for the Ultisol, Inceptisol,
Entisol of Kayamkulam, Mollisol and Entisol of Kuttanad

respectivqu.

Analysis of variance revealed significant
difference in the distribution of the ch'emical in all the
soils during the 1st observation. During 2nd, 3rd and 4th
observations no significant variation in the distribution of
the chemical was observed. However the depth wise
distribution and interaction effects were found to be highly
significant. In the last two observations significant
difference in carbofuran distribution was found between

soils, between depths and for interaction effects.

The significant difference in the distribution of
carbofuran durihg the 1st observation may be due to the
variation in movement consequent to the differences in soil

properties. During the 2nd, 3rd and 4th observations, the
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quantity of carbofuran added was mainly restricted to the top
layers and its movement and distribution to deeper layers had
not been fully achieved and hence depthwise distribution
could give significant difference. But during the 5th and 6th
observation, sufficient time had elapsed for the vertical
movement and distribution of the chemical and to stabilise
according to variation in soil properties (between soils and
within soils at different depths). Thus significant
diffe;ence in the distribution of the chemical was observed

between soils, between depths and also for the interaction.

3. Horizontal movement and distribution of carbofuran

The horizontal movement of the chemical! in all the
soils studied was restricted to 5 cm of radial distance from
the point of application. Fourth radial distance of (0 cm
from the point of application had given no wvalues for
carbofuran even after 20 days. The 2nd and 3rd distance had
given very low values compared to the concentration at the
point of application. There was considerable differences in
the carbofuran content observed in the 2nd and 3rd distances
among soils studied. Entisol of Kuttanad, Ultisol of

Malappuram and Mollisol of Nedumangad with comparatively
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higher organic matter content and CEC had given higher values
for the 2nd and 3rd distances in all the intervals. This
observation clearly indicate very low lateral movement of the
chemical since the diffusion rate is very low. This
observation is in accordance with the reports of Daniel et
al. (1982). Further the enhanced vertical mobility of the
chemical along with water under the influence of
gravitational force might be another reason for the very low
horizontal movement. However the effect of major soil
parameters in influencing the retention and mobility of the
chemical in soil has been reflected here also, though the

gradation of values obtained is negligible,

4. Influence of soil properties on carbofuran concentration

in soil columns

To investigate the contribution of the various soil
factors studied go the adsorption and movement of carbofuran
in 5 selected soils, multiple regression analysié has been
made. The results indicating the regression equation of the
soil factors on carbofuran content are presented in Table 9.
Out of the 10 factors studied, the influence of organic

matter and clay was found to be gignificant at all the
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intervals as evidenced from the highly significant regression
coefficient. However the effect of CEC on the content of
carbofuran was not significant. This may be due to the highly
significant negative effect of clay content. Significant
positive effect of organic matter in influencing the CEC was
made nonsignificant by the negative effect of clay. Combined
effect of all the soil properties was Bignificant with
respect to all the observations. Almost 48% of the carbofuran
content was attriguted to the combined effect of these
factors in the 1st and 2nd observation. In 3rd, 4th, 5th and
6th observations, nearly 54%, 61%, 67% and 80% respectively.
of the carbofuran content were explained by the s0il factors
studied, the percentage variability accounted in the
increasing order from the first to the tast observation. The
lower percentage variability that is accounted for the 18t
and 2nd observation might be due to the non uniform
distribution of the chemical owind to the non expression of
the full effect of all the soil parameters. As time advanced
the carbofuran content and vertical distribution could be
better explained by the soil parameters because of the
expression of the fullest effect of all the 80il properties,
thus giving higher values for the coefficient of

determination.
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Correlation matrix between different soil
properties as obtained in the path coefficient analysis
showing the direct and indirect effects of these s0il
parameters on carbofuran content is given in table 10-15,
From the path coefficient analysis it was observed that the
maximum positive direct effect on carbofuran content with
significant positive correletion was recorded in the case of
ordanic matter (0.897, 0.878, 0.698, 0.727, 0.709 and 0.856).
Clay content clearly indicated a negative direcg effect (-
0.582, -0.583, -0.653, —-0.794, -0.827 and -0.638). This trend
was observed at all the intervals. The effect of organic
matter on carbofuran retention is direct and as expected,
contributed from the various functional groups ltike -CHZ,
C=0, ~C-0-C, through specific adsorption mechanism. This
observation is in conformity with the reports of Garg anq
Agnihotri (1984) who studied such adsorption mechanism by
organic matter for carbofuran. Highly significant positive
correlation of organic matter on carbofuran adsorption was
also reported by Felsot et al. (1980) (r = 0.96), Rajukkannu
and Sree Ramulu' (1982) (r? = 0.98) and Somasundaram et al.
(1991) (r? = 0.78). The highly significant negative

correlation with clay content obviously indicate the presence
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of appreciable amounts of sesquioxides having very low CEC in
the clay fraction. X - ray analysis of the clay fraction
also revealed the occurrence of kaolinite as the dominant
clay mineral with poor exchange capacity. Further, kaolinite
has got & very low binding ability for organic molecules
especially of carbofuran (Garg and Agnihotri (1984), Thus the
dilution effect caused by sesquioxides and low CEC minerals
present in the clay fraction on organic matter would have
modified the exchange complex to give very low adsorption of
applfed carbofuran. The total effect of organic matter
observed was smaller (0.408, 0,401, 0.428, 0.521, 0.592 and
0.770) (table 10 - 15) conmpared to direct effect because of
the negative indirect influence of organic matter through pH
and AEC. However indirect positive effects of ordganic matter
through CEC and sesquioxide were also positive which added to
the direct positive effect. In the case of clay content,
though the direct effect is highly negative, the total effect
is slightly negative to positive (-0.098, -0.11, -0.133,
-0.084, 0.02 and 0.29) in all the observations. This 1is
mainly due to the indirect positive effect of clay content
through organic matter, CEC and sesquioxides in all the
observations. But the indirect and negative effect of clay

through pH and AEC along with direct negative effect has



35

modified the total effect as negative and significant.

4. Concentration of carbofuran in the leachate

Statistical treatment of the data on carbofuran
conterit of the leachate shows highly signific;nt effects due
to soil variation-and variation due to time intervalg.
Leachate concentration of carbofuran increased progressively,
reached the maximum and then decreased to lower values (Fig.
22). This observation is in conformity with the reports made
by Radder et al. (1988). The plateau maximﬁm was attained in
the 7th observation (5010 pg) with respect to the Entisol of
Kayamkulam which decreased drastically (3280 pg) towards the
last observation. The same pattern was observed for the
Inceptisol of Chengannur and the Mollisol of Nedumangad with
the maximum concentration of carbofuran (4755 and 4695 pg
respectively) attained in the 8th observation. The Ultisol of
Malappuram showed the maximum leachate concentration of
carbofuran (4385 pg) in the 9th observation, whereas the
Entiso! of Kuttanad continued to give increasing
concentration even at the last observation. It is inferred
from the data that soils which are generally poor in organic

matter, clay and low in CEC attains equilibrium at an early
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date when compared to soils rich in organic matter, clay and
with high CEC. Mobility of the chemical in the Ultisol,
Mollisol and Entisol of Kuttanad is very slow and hence take
more time for the movement to deeper layers; Many wérkers
reported slow movement of carbofuran in soils with low pH,
high organic matter, clay content and CEC (Rajukannu and
Sree Ramulu, 1984; Raddar et al., 1989 and Somasundaram et
al., 1990). Owing to greater adsorption and slow movement,
time taken for the leachate concentration to attain maximum
value is more in these soils. On the other hand the Entisol
of Kayamkulam and the Inceptisol of Chengannur with low CEC,
clay and organic matter content showed very poor adsorption
and faster movement of the chemical. This is further evident
from the value of the total quantity of carbofuran present in
the lesachate which is maximum for the Entisol of Kayamkulam
(33260 pg) followed by the Inceptisol of Cheﬁgannur (31240
ug), Mollisol of Nedumangad (30030 pg), Entisol of Kuttanad

(27960 pg) and the Ultisol of Malappuram (26880 ugl.
5. Degradation and persistence

Data presented in Table 7-15 and Figures 9 to 14

explain the distribution of the chemical in the s0il matrix
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as well as in‘the leachate collected. A critical étudy of the
data showed persistence.of carbofuran in all the soils even
after 80 days. The percentage retention over the initial
observed concentration (lst day) was 41.0, 24.0, 23.0, 47.0
And 48.0% for the Ultisol of Malappuram, Inceptisol of
Chengannur, Entisol of Kayamkulam, Mollisol of.Nedumangad and
Entisol of Kuttanad respectively. Thus when all the depths
were considered, the Mollisol of Nedumangad and the Entisol
of Kuttanad with a more uniform distribution of clay and
organic matter showed maximum percentage retention éf the
chemical though the absolute content of carbofuran retained
was more in Malappuram. Similar results have been reported by
many workers (Harris, 1969; Rajukkannu and Sree Ramulu, 1981

and Radder et al., 1991).

When the loss through leaching also was accounted,
it appears from the table - 18 that the loss of the chemical
through microbial degradation, volatilization, in bound
residues and through other mechanisms are maximum in the
Inceptisol of Chengannur (57%) followed by the Entisol of
Kayamkulam (54%) Ultisol of Malappuram (40%), Entisol of
Kuttanad (31%) and the Mollisol of Nedumangad (24%). Inorder

to have a clear understanding of the adsorption mechanisms
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and losses involved, seperate experiments are to be
undertaken, and hence generalisationg become difficult from

the present study.

As the study was conducted without the involvement
of any plant systems, transformations of the chemical to give
derivatives were possible mainly through microbial activity
(Ra jagopal et al., 1984; Karns et al., 1986 and Choudhry and
Ali, 1888). Thus for all the soils, the surface saﬁples with
maximum microbial activity was subjected to the analysis of
carbofuran derivatives at all the intéervals using gas
chromatographic techniques. Carbofuran derivatives were
obtained only for 2 soils viz. the Mollisol of Nedumangad and
the Ultisol of Malappuram, and that too only at the last
observation. Qut of the 5 major metabolites identified in
soil, (Jae-Koo Lee et al., 1991) only 3 Keto carbofuran was
obtained in the present study. This observation also is
corroborated by the study of Arunachalam et al. . (1990) who
identified 3-keto carbofuran as the chief metabolite in soil.
Thus it can be inferred that the process of degradation
through microbial action is very slow in soils presently
investigated, though the microbial activity is very high. The

exact reason for the slow degradation of the chemical is to
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be investigated separately by further experimentation.

Based on the investigation conducted, it is felt

that the following aspects are to be further investigated,

through future work.

Interaction of ithe chemical with different fractions of
the organic matter and the stability of the organic

complex formed.

The effect of varying flow rates of water on the

digtribution of the chemical is to be standardised.

Influence of plant systems and the role of microorganisms
of the rhizosphere in the rate of degradation and in the

nature of products formed,

Effect of concentration of carbofuran on the population of
microorganisms in the soil including those involved in the

deéradation of carbofuran.



SUMMARY AND CONCLUSIONS.
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SUMMARY AND CONCLUSIONS

An investigaticn was conducted at the coilege of
Agriculture, Vellayani, during 1892-93" using undisturbed
gsoil columns to study the movement and sorption of carbofuran
in soils with varying physico—chemical properties. From five
locations representing farmer's field cropped to banana.
Vertical and horjizontal so0il columns along with bulk samples
at different depths were collected to study the movement,
distribution, leaching loss, persistence and transformations
of carbofuran in soils. The important observations and
conclusions drawn from the investigations conducted are

summarised below.

Soil types selected for the study were having wide
variation in physico-chemical properties. The Ultisol of
Malappuram was clayey, acidic in reaction, high in organic
matter, CEC, water holding capacity, AEC, sesquioxides and
was low with respect to bulk density, particle density and
hydraulie conductivity. Inceptisol of Chengannur was sandy
clay loam, acidic in reaction, low in organic matter CEC, AEC
sesquioxides, hydraulic conductivity and high in bulk density

and particle density. Entisol of Kayamkulam was loamy sand,
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acidic.in pH,low in organic matter, CEC, Qater holding
capacity, AEC, sesquioxides and high with respect to bulk
density, particle density and hydraulic conductivity.
Mollisol of Nedumangad was sandy clay, acidic in reaction
with high organic matter, CEC, moderate in water holding
capacity, AEC, sesquioxides, hydraulic conductivity and low
in bulk density and particle density . Entisol of Kuttanad
was sandy clay loam, acidic in reaction, with low organic
matter, hydraulic conductivity, moderate in CEC, water
holding capacity, AEC, sesquioxides and high in bulk density
and particle density; Dominant clay minerals pEesent in all
the so0ils were kaolinite, with appreeiable amounts of

smectites and quartz.

Distribution of carbofuran in vertical columns at
six time intervals of upto 80 days showed significant
difference with depth, but between soils, diffgrence were
observed only at the first, fifth and sixth observations.
Initial distribution of carbofuran was high in the Entisol of
Kayamkulam and the Inceptisol of Chengannur but in later
observations the Entisol of Kuttanad, the Mollisol of
Neduﬁangad and the Ultisol of Malappuram recorded higher
values than the first two, probably due to higher adsaorption

and poor mobility.
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Horizontal distribution of carbofuran was very low
in all the so0il types studied. At a distance of 10 cm from
the point of application, the content of carbofuran was zero,
even twenty days after the application. Between so0il types
there was difference in the horizontal d{stribution of
carbofuran. Maximum horizontal movement was for the Entisol
of Kuttanad, followed by the Ultisol of Malappuram, Mollisol
of Nedumangad, Inceptisol of Chengannur and was least for the

Entisol of Kayamkuiam.

Regression modél of soil properties on the
carbofuran content at all the intervals showed significant
regression co-efficient only for organic matter and clay
content. Organic matter expressed a positive influence while
clay content had a negative effect. - Path co-efficient
analysis of soil properties revealed maximum posgsitive effect
on carbofuran content for organic matter, through its direct
effect and indirect positive effect via. CEC, particle
density and sesquioxides, while indirect negative effect
observed whére through pH, clay content bulk density and AEC.
Clay content had a negative direct effect on carbofuran

content while its indirect effects were negative via. pH,



103

bulk density and AEC and positive wvia. organic matter, CEC

and sesquioxides,

Leaching loss of cearbofuran in =oils showed wide
variation among the so0il types studied. Maximum leaching loss
was observed in the Entisol of Kayamkulam, followed by the
Inceptisol of Chengannur and the Mollisol of Nedumangad. As
time advanced, concentration in leachate increased upto a
stage and then decreased in all the soils except for the

Entisol of Kuttanad.

Persistence of cérbofuran in five soils studied
showed wide variation. Fighty days after the application,
maximum persistence of carbofuran in socil matrix was observed
in the Mollisol of Nedumangad, followed by the Entisol of
Kuttanad, Ultisol of Malappuram, Inceptisol of Chgngannur and
the Entiscl of Kavamkuiam. The only transformation product
observed was 3 - Keto carbofuran, identified in the Ultisol
of Malappuram and in the Mollisol of Nedumangad during the

sixth sampling after eighty days.
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